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About IEC 2017

About PYC

The Purnomo Yusgiantoro Center (PYC) is established on 16 June 2016 and it is 
based in Jakarta, Indonesia. The center is an independent, non-profit organization 
which focuses on research and education, particularly in the area of energy and 
natural resources. PYC places great emphasis on current issues and challenges in 
energy and natural resource sectors that can have a significant impact on Indonesia’s 
sustainable development. On achieving these goals, PYC delivers solutions 
through independent research projects, seminars, workshops, conferences, and 
collaborates with public and private institutions on various studies of energy and 
natural resources at the local, national and global level.

On the social front, PYC holds a range of events aiming to assist the society in 
health, well-being and education. The center also promotes local and regional 
heritage to preserve the Indonesian traditional culture.

The Future of  Sustainable Energy
in Developing Countries

Energy is  a multidisciplinary system that is interwoven in every possible dimension 
of human growth. Amidst mounting challenges that range from supply insecurity, 
environmental issue and geopolitical unrest, the energy development undoubtedly 
faces a monumental test of transformation to a more sustainable future.

The Purnomo Yusgiantoro Center (PYC) International Energy Conference in 2017 
is a premier venue of engaging scholars and practitioners who are passionate and 
well-driven to make change in transitioning the world to a sustainable energy future. 
It is the place where diverse individuals will come together and discuss opportunities 
and challenges facing our today’s energy system.
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Opening Remarks 
Summary

H. E. Ignasius Jonan

Minister of Energy and Mineral Resources, Indonesia

Your excellency, the eleventh vice president of Republic of Indonesia, Bapak Boediono, and 
delegates from embassies, speakers, seniors -especially Pak Purnomo Yusgiantoro-, my 
assessor, and also Ibu Armida the Former Minister of National Planner. Ladies and gentlemen. 
Good morning. 

It is, not an easy task for me to address a keynote speech in front of my seniors, especially in 
front of the ex-vice president, Boediono. When I was in the Indonesian Railways Company, vice 
president Boediono was elected and actually he was one of the few key people who pushed 
revitalization of the Indonesia railway services in Indonesia. I believe that service is better now 
because of the eagerness of Mr. Boediono, so please give applause to him. 

Today, the topic is more on the renewable energy, we understand that the US Embassy 
representation also keen on supporting the renewable energy initiative, perhaps more to outside 
the US inside the US. Let me start with few things. 

Yesterday I had the chance to represent Mr. President Joko Widodo to have a dialogue with the 
Prime Minister of Denmark. From the dialogue we see a surprising data. Renewable energy, at 
the moment, in Denmark is far more competitive compared to the fossil energy. Denmark has 
produced 40% of their energy mix from wind power. Moreover, the cost of wind energy on the 
market is less than 4 cents/Kwh for onshore farm while offshore they charge less than 6 cents/
kWh. It is indeed very surprising. 

We had the proposal to have an implementation here, rather than a meeting for big planning 
which takes time, to introduce investment to the wind power. Do we have wind power perception 
at this moment? The answer is yes. This is the picture of wind power. In this picture, now we are 
building in Sidrap, the southern Sulawesi, a wind farm. The expected completion will be around 
early 2018, so hopefully in January the 75 MW plant will be completed.  Another one is being built 
in Jeneponto, also in south Sulawesi, which is a little bit smaller which is 65 MW. Also, another 
one is in building southern Kalimantan, 65 MW, all of them will be on stream by 2018.

If you all of ask me, what is the takes? This Sidrap project is most expensive one, it was signed 
two-three years ago, it was 11 cents/kWh. They are expanding now and the last one, the one is 
just started with the GE technology, it cost 6 cents/kWh. Now I think the fossil fuel energy, coal 
and also gas, should have a bigger competition outside their traditional market. This thing is very 
important in renewable energy. I personally believe that this renewable energy will eventually 
compete on a pricing with the coal, oil, and gas supply. Maybe not now, but soon in the future. 

It is very surprising yesterday when I talked to a Dutch company together with Government of 
East Nusa Tenggara. So we committed to have sea strait power generation. It will use sea current 
to generate the power. They will put almost 10 years to study in the Lukas’s strait. The new 
technology will become one of the first even in Asia. How much does it cost? It is not big. For 
example, a 20-30 MW capacity plant will cost 7.19 cents/kWh. If we go to Masdar city in the 
Emirates, it’s very surprising, they built the city with the power by the solar PV as big as 150MW 
and I ask how much the power generation charge. It is very surprisingly 2.99 Cents/kWh. The 
kingdom of Saudi now is starting to build very big 50 GW of solar PV in the desert. 50 GW is 
almost at the size of what Indonesia is running on the electricity at the moment. So, we have near 
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60 GW on stream at the moment while The Saudi is now starting to build 50GW of solar PV in the 
dessert of Saudi. This is very surprising.

I don’t have the picture of electric cars and motorcycles, but President Jokowi has post they have 
to introduce electric motorcycles and electric cars to the soil of Indonesia. Some institutions now 
are planning to build but the private sectors running faster. In Semarang, they already produce 
electric motorcycles, I already have one with the official plate, so I can go to buy cigarettes with 
electric motorcycle or out to buy coffee and if you ask what is the  cost? On the road they cost only 
around 15 million rupiah.  It is equal to the traditional motorcycle. What the government has to 
prepare is to increase the electricity capacity in every household. This is the issue. So that’s right 
lately many of you read in the newspaper and media that we are trying to persuade the people to 
increase the electricity capacity in the household. Will national electricity company charge more 
if you increase the capacity? The answer is no, we are committed that every additional capacity 
increase will not be charge, as the tariff of electricity per kWh to be the same. 

This is the electrification ratio. At the moment, we already have 93.5% electrification ratio, the 
target for this year 92.7% and we already reached the target and by the end of this administration, 
the program is to have 97% of electrification ratio. The national electricity company add some 
other region we and have to aim to push as much as we can to achieve 99%. Can you join? I 
hope that you can. 

But the other side, when   I joined and the president assigned the job, I have reported to him that 
we still have 2.500 villages that are not under service of electricity at all, so 0 electricity services 
to more than 2.500 villages in Indonesia. This is the big target and the government has decided 
to allocate the budget, at least to build for every household in the 2.500 villages an independent 
home solar system. At least even though they cannot have electricity for the television, at least 
we can help the light and also they can charge their mobile phone. That’s more important than 
the television.

We admit it that East Nusa Tenggara is still below 60% and also Papua is still below 50%. We 
do understand that we have to work very hard and we are doing this seriously to increase the 
electrification ratio in Papua and East Nusa Tenggara. It is not a simple job because the location, 
but I keep pushing people to accomplish this job before the end of this administration.

If you ask me how much will government spent for each household if we install the independent 
home solar system - all in including solar cell, guarantee for 3 years, services - they charge 
around 200 dollars in the front.   

There is another initiative that has not been implemented so we will have big and long dialogue 
because we also worried that the implementation will have a lot of critics from people. But we try 
to increase for the household various capacities to have a single capacity with the same charge 
without any additional charge.

Why do we want this happen? Another thing, I don’t think for the next 2-7-10 years will increase. 
I am not the geologist form petroleum engineering, but I am a minister, so I have the chance to 
discuss many things. If we do introduce the electric cars, I think the consumption the gasoline and 
the gas oil will decreasing. We are afraid that if we do not introduce these cars, then the import 
of oil and gas might reach to one million barrel per day. What we should do is introducing electric 
cars and also is the part the national energy resilience program. If we use the electricity in many 
power activities, the basic energy will complement the energy production which is produced 
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locally. The gas also produce locally and also the renewable, so we are trying to reduce the 
import. Also, another initiative for example is in the cooking stove. We use LPG for the stove and 
as a result we imported at least 1.5 million. The import from Singapore cost around, I think, 3 
billion dollar. We are trying to reduce this cost, we try with PLN to introduce to the households to 
use electric stove. Will the spent more by using the electric stove? The answer is no. We already 
performed a study and we have to convince the households to start using the electric stove as it 
is cleaner, faster, and cheaper. This is the initiative we will strongly introduce to the public.

At the moment if you apply for additional powering to national electricity company they will charge 
100 dollar installation process. So if this program passes, it will be free of charge, that’s one.  The 
second, there is no increase in tariff per kWh and subscription cost is also the same. This is the 
thing that I mention the solar power program is not big, 250.000 households, by 2017-2018 it is 
free. Because we also believe once we install this they have the lighting without charges. 

This is the one. People from mining industrialization association do not like me because of the 
issue. The renewable energy so I believe that the renewable energy cost will be competitive 
compared to the traditional fossil fuel. We made it so the tariff is regulated. The target is one; we 
do not expect to have an increase of the electricity tax because it is very sensitive and is a social 
issue not to push more cost to public. So, this is what we try to manage to make renewable energy 
tariff as reasonable as possible.

Please look at the statistic, when the tariff was not strictly regulated in 2014 up to 2016. In 2014, 
only 15 contracts for renewable energy, 2015 only 14 contracts and 2016 is 16 contracts. This 
year even when contract is regulated, and even the tariff renewable energy is regulated, we have 
68 contracts from January 2017 until today. 

If you ask me what is the total capacity of these 68 contracts, that I have approved, and being 
constructed, it is 1.186 MW. We are still committed for the COP 21 in Paris that the energy mix 
will be 23% by 2025. Now, we are working really hard at the moment for 10-11% and by the end 
of administration we hope that it can reach 30-40%. If you ask me in Jogjakarta or in Central Java, 
people are offering us micro-hydro power plant the size is 0.65 MW you know the tariff 6.5 cents/
kWh, it is small. Why is it growing really fast? Because every single proposal that comes through 
my desk will only take 2 – 3 working days at most to be processed. If it is not by paper on my desk, 
they can take photo of the paper and send it to me by WhatsApp. Well, documentation will follow 
of course. They sent me at 11 pm then the next morning I will say yes or no and we will discuss, 
this is very fast and cheaper.

This is the single retail fuel price that had been developed and implemented, this is still small 
portion. This is will come to fruition by 2019. It is working. Gas station asked me for permission to 
distributed gasoline with lower price than the standard price of gasoline. We are still discussion 
with private sector and now in the final stage of technical evaluation if it is acceptable. We will 
have LPG distribution less than 6.000 rupiah per kg. 

My closing remark is that at this moment , because I see the young generation here, renewable 
energy is coming very fast. We can take the Sidrap power plant for example. When the contract 
was signed 2 -3 years ago it was 11 cents/kWh. Now they came back to us and offer an additional 
15 MW which cost less than half the first price they offered us.

Thank you very much.
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Additional 
Power 
Generation of 
NRE (2016-2017) 
Local Wisdom 
Acomodation 

Increasing The Electrification Ratio 

978 kWh/cap 

1250 
kWh/cap 

(2019) 

Electricity Consumption  
per Capita  

93,5%  Nov 2017 
Target 92,75% 

1.698 MW 
Installed Capasity of Geothermal Power 
Plant 

1.812 MW 

259 MW 

Installed Capasity of Bioenergy Power 
Plant 

Installed Capasity of Solar Power 
Plant and Microhydro Power 
Plant 

2013 2014 2015 2016 2017*) 

Current Power Generation Capacity (MW) 

*) September 2017 

Realization of 35  GW Program 

COD                :     998 MW 
Construction :15,676 MW 
PPA  :13,782 MW 

(Yet Construction) 
Procurement :  3,163 MW  
Planning :  2, 28 MW 

Increasing The Electrification Ratio 
Energizing The Villages and Accomodate The Local Wisdom 

The Policy regarding Acceleration of Rural Electrification 
(Ministerial Reg. of EMR Number 38/2016) will adding the power 
capacity amount 236.55 MW. 

“ There are 2,500 villages whose 
electricity had not entered at all, we 
will go there, because equity is 
important. 
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“ 
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target Realization 
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Target 2018 
Illuminate 175,782 

houses in 5 Provinces 

Target 2017 
Illuminate 80,332 houses in  
5 Provinces (in process of 

implementation) 

Efficient Solar Powered Lamp Program  
(LTSHE) 

2,500 Villages in 2009 

1. Ultra Efficient LED 3 Watt   
 25 Watt Lamp 

2. Lithium Energy Storage Pack 
(Lithium Battery) 

3. Chip Management  Energy 

operate for 6, 12, and up to 60 hrs 
in a single charge 



28 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

9 

Revised by Ministerial Regulation No. 50/2017 

Energy source produced by sustainable 
energy resources, such as: solar, wind, 
hydro, biomass, biogas, municipal waste, 
geothermal, waves and OTEC 

General Auction 

Direct Appointment 

Geothermal and Municipal 
Waste Power Plant 

Hydro, Solar PV, Wind, 
Biomass, Ocean Currents, 
and Biogas Power Plant 

Ocean Currents 

Ocean 
Currents National average power generation cost: 

Power generation cost based on the agreement 
(B2B) 

Renewable IPP Contract 

*) until November 2017 

National average power generation cost: 

Indexing to generation cost in local 
system 

If power generation cost 
National average power 

Business to Business (B to B), if power 

Power generation cost 

10 

PLT Bayu (Wind Power) Sidrap (30x2,5 MW) 
Expected to COD by early 2018 

Location : Kabupaten Sidenreng  
  Rappang, Sulawesi Selatan 
COD Target :  Kuartal I 2018 
Power Purchase :  11,41 USD cent/kWh 
Investment :  $ 150 juta 
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Business Certainty in Power Purchase Agreement (PPA) 
 

PPA Reform – Ministerial Regulation 49/2017  Improved business certainty: 
• The risk of government force majeure is removed 
• Fair balance / risk sharing 

12 

City Gas Distribution for Household Use 

Target on 2018 installed 77,880 SR 

200.000 225.336

339.726
402.583

2014 2015 2016 2017

(On Progress) 
September 

2017 

 

Reducing household economic cost at least 90,000 IDR/month/Family 
 

More Efficient, Clean, and Safety energy than using LPG 3 Kg 

Rp 
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Single Retail Fuel Price 

Ministerial Regulation Number 
36/2016 regarding the 
Acceleration of Single Retail 
Fuel Price Implementation  
 

59  
locations 

Establish a Single Retail Fuel 
Price Supplier in 157 
locations in 148 districts 
until 2019 

52  
locations 

46  
locations 

2017 2018 2019 

until Nov 2017, has been 
realized in 28 locations 

“ 

Previous Price: 
7,000 IDR – 100,000 IDR per 
litre 

Currently Price: 
6,450 IDR per litre (Premium) 
5,150 IDR per liter (Diesel Fuel) 

14 14 

Private Enterprises 
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PSC Gross Split : 
Better Government take, more benefit to Contractors 

 
Deployment: 
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West Java (ONWJ) 

16 

Increase the economic viability by improving the contractor IRR 
and NPV 
Calibrated in 12 oil and gas field with various characteristics. 
#IRR and NPV PSC Gross Split at least comparable with PSC Cost Recovery 

8 Revision in the PSC Gross Split 
    MR 52/2017- PSC Gross Split 

GAS PRICE 
Split adjusted by formula  
(new progressive split) 

MINISTERIAL 
DISCRETION SPLIT 
Uncapped 

POD-2  
Additional split 3% 

PRODUCTION PHASE 
Additional split up to 10% 

CUMULATIVE PRODUCTION 
Additional Split up to 10% 

OIL PRICE 
Split adjusted by formula 

INFRASTRUCTURE 
Additional split up to 4% 

H2S IMPURITIES 
Additional split up to 5% 

Improvement of PSC Gross Split: 
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Simplification of Permits 
Permits handle Directly by Ministry of Energy and Mineral Resources 

18 
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CERTAINTY OF FISCAL SCHEME FOR CURRENT PSC 

Transition Period 
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Keynote Address 
Summary

Prof. Dr. Boediono, M. Ec.
The Vice President of Indonesia from 2009 to 2014, 

Professor at Universitas Gadjah Mada (UGM), Yogyakarta

REACHING FOR SUSTAINABLE ENERGY ©

Let me first congratulate the Purnomo Yusgiantoro Center for organizing an international 
conference on an important global issue  – sustainable energy development.  And thank you for 
inviting me to this gathering. 

Let me begin my talk by citing a quote from an unquestionable authority on the subject of energy, 
Albert Einstein.  He reportedly once said that “Everything is energy and that’s all there is”.  Thus 
you and me are mere energy.  Our lives are sustained by our energy intakes.  By extension, the 
survival of the whole human race depends on their continued access to adequate sources of 
energy.  That is the crux of the problem of sustainable energy.

It is an existential problem for humanity.  And it is also an urgent one.  Its urgency  is underscored 
by the fact that human population, hence their energy need, is growing rapidly while the world’s 
known and exploitable reserves of the energy that our daily life has grown to depend on – the fossil 
fuels - are increasingly scarce.  Moreover, the world is currently facing a looming global warming 
which demands less use of carbon emitting fuels.  To mitigate the risk of global catastrophy, we 
need to develop alternative energy sources that will eventually replace the role of fossil fuels and 
are capable of satisfying human need into the indefinite future.

Efforts to achieve sustainable energy rests on the so-called ‘twin pillars’.  First, we must strife 
for ever higher efficiency in our energy use to reign the demand.  Second, and simultaneously, 
we must develop new clean and renewable sources of energy to expand the supply to meet the 
demand.  Neither of the two is less important than the other.  Let me say a bit more of each.

Energy efficiency has in fact been occurring.  In the past four decades or so there has been 
a steady decline in the energy intensity coefficient which measures the energy use per unit of 
national output.  This improved efficiency has mainly been taking place in developed economies. 
Not much has been happening in developing ones.  If anything, it is the reverse - the coefficient 
in these later countries tends to rise.

The obvious goal here is therefore how to speed up the ongoing trend while broadening the 
group of countries in it.  Literature indicates that there are numerous potentially cost effective 
technologies and practices out there not yet fully exploited.  The International Energy Agency 
(IEA), for instance, estimates that the global potential saving from energy efficiency could be as 
high as 36%.  The actual saving has been far less than that.  The problem is thus due, not to the 
dearth of possibilities, but more to the lack of supporting policy environment, which includes the 
more important of which a right pricing policy and supportive regulatory regime.

Saving derived from energy efficiency, important as it is, alone will never be sufficient to curb the 
growth of demand for energy as a consequence of the world’s demographic growth and economic 
expansion.  According to the US Energy Information Administration in its so-called “reference 
case”, the global energy consumption will increase from 575 quadrillion Btu in 2015 to 736 
quadrillion Btu in 2040, or an increase of 28%. The projection also highlights a striking fact that 
by 2040 fossil fuels remain very dominant, accounting for 77% of total consumption.  Renewables 
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are projected to grow fastest (2.3% per annum).  But they are still unable to significantly dent the 
position of fossil fuels because they grow from a low base.  Nuclear power – still controversial 
whether it could qualify as renewable - is projected to be the second fastest growing (1.5% per 
annum) but again from a low base.  Within the fossil fuels category there will be a general shift 
from oil and coal toward natural gas.

For many such a scenario is not good enough.  The renewables could, and should, perform better 
than that projected in that “reference case”.  Again, here technology is not the main constraint.  
Much will depend on our commitment – at the global and national levels - to come up with, and put 
into effect, policies that support much more renewables to come into stream in the coming years.

An array of technologies are currently available or potentially available in the near future.  It 
ranges from the use of conventional technologies to generate hydro and geothermal power to 
more advanced ones to exploit wind, ocean waves and tides, to advanced cellulosic biomass 
technology and to the whole spectrum of technologies to harness the potentially limitless solar 
energy that ranges from simple heating system to the more advanced photovoltaic and thermal 
powers utilizing nano technology to the more esoteric space-based solar power.  Policies should 
aim at making those possibilities economically attractive to adopt in practice.  

The problem of sustainable energy trancends national boundaries.  Aside from measures by 
individual states it requires joint actions by them to tackle.  Here lie the difficult problems of politics 
and economics - ones that democracies and market economies across the world appear to be 
poorly equipped to deal with.  Most, if not all, of policies for sustainable energy involve costs now 
and benefits later – short term pains for longterm gains.  Market players tend to discount heavily 
the benefits of investment projects twenty or thirty years from now and emphasize on costs today.  
Politicians in electoral democracies behave likewise.  They tend to give greater weight on what 
could be gained for their parties in the next election than what will benefit the country four to 
five election cycles from now.  We thus have here a failure in governance.  Market failures are 
matched not with government corrective actions but with government failures.

This problem of short-termism is the main hurdle to a more rapid development of renewable 
energy at the national and global levels.  It is systemic, affecting  both developed and developing 
countries.  The inability of democracy and market economy to address longterm issues  presents 
a serious homework for those who have faith in those systems.  It is a currently hotly debated 
issue in the political economy literature.   Alas, the discourse has so far not produced any clear 
guides.  

At the global level there is another complicating problem that has created a divide between the 
developed and the developing countries on the issue of sustainable energy.  On the one hand, 
we have the developed countries already enjoying high living standards and commanding wider 
access to alternative technologies.  They are more ready to embark on actions to improve the 
”quality” of energy they use.  On the other, we have the developing countries which are still 
preoccupied with the problems of underdevelopment and massive poverty.  They, understandably, 
tend to give higher priority to the “quantity” aspect in order to secure suficient economic growth to 
raise them from their dire state. 

This divide is not insurmountable, if a common longterm vision could be nurtured.  But it is 
admittedly a difficult exercise.  That is why multilateral agreements on any areas of global concern 
remain a rarity.  It is therefore a great pity that one meaningful such agreement – the Paris 
Agreement on Climate Change - which is crucial for supporting globally sustainable energy, has 
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been weakened by the withdrawal from the agreement of one of its most important signatories – 
the United States.  

At this state of our discourse allow me to share with you some of my thoughts on the case 
of Indonesia.  Indonesia, as one of the larger developing countries, should define its position 
pragmatically and responsibly.  It should care about and firmly embrace the view that the problem 
of sustainable energy is an existential and urgent one for humanity which Indonesia is very much 
part of.  Within that context it should continue to aim at securing sustained economic growth, high 
enough to free itself expiditiously from the bondage of its underdevelopment.  To achieve that goal 
it must develop a robust national energy system.  Fortunately, the country is blessed with fairly 
abundant and varied sources of renewable energy, such as solar, geothermal, ocean, hydro and 
biomass.  It is potentially in a good position to make a meaningful contribution to the quest for 
global sustainable energy without sacrificing its national objectives.

What need to be done, then?  The first step is to define more specifically our position, not in 
words, but in facts, figures and policies, all encapsulated in a blueprint with planning horizon of, 
say, two decades into the future.

I understand that some form of energy plans already exist on the government’s selves.  According 
to press reports, the latest one sets a target of raising the share of the renewables from around 
7% last year to 23% by 2025.  I cannot judge the realism of the targets as I am no expert in this 
field.  But whatever they are, to assure ourselves, they must again be subjected to systematic and 
careful scrutiny by relevant experts and practitioners.

Robust facts and figures are important in any plan.  But more important still are policies and 
planned actions showing how to turn the targets into reality.  Rational and well thought-out policies 
are the soul of any plan.  It is here that rigorous policy analyses and creative thinking are to be 
invested.  The plan should then be okayed by the highest level of government and, preferably, 
subsequently be enacted as laws.

With all those done, we will have a first-rate national energy plan.  It will become the principal 
guidelines for action at home and abroad.  But good documents do not guarantee good outcomes.

To assure that the plan, or most of it, will get implemented we need to institute some form of 
institutional arrangements to overcome the problem of short-termism that I mentioned before.  
The problem may run like this.  During the term (or terms) of the administration that initiates the 
plan, its implementation may proceed smoothly enough.  Some changes in ministerial portfolios 
during the period may cause some disruption.  But what is potentially more disruptive is when a 
subsequent new government has completely different ideas about what is to be done.  The plan 
may be revised, the laws amended and its implementation drastically changes course.  Policies 
zig zag.  But that is the worst case scenario.  Common sense prevailing, fingers crossed, we may 
hope for a better one.

Thank you. 

______________

© Keynote Speech at the International Energy Conference 2017, The Purnomo Yusgiantoro 
Center, Jakarta, November 30, 2017.
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Plenary Summaries

Prof. Dr. Armida S. Alisjahbana

Minister of National Development Planning 2009-2014, Indonesia
Director Center for Sustainable Development Goals Studies, Universitas Padjajaran, 

Indonesia

Prof. Dr. Armida’s speech primarily talked about energy from the perspective of Sustainable 
Development Goals (SDGs). Before, the world’s development agenda was based on the 
Millennium Development Goals (MDGs). However, it is now transitioned to the 2030 target of 
SDGs instead. The difference between these two goals is that SDGs focus more on the agro-
resources and environmental aspect. MDGs talk about ensuring environmental sustainability in 
its goal point number 7, while SDGs elaborate more on this issue into its 6 goal-points, including 
affordable and clean energy in its goal point number 7. There are also four new goals in SDGs 
that are highly relevant to energy: (i) industry, innovation, and infrastructure (No. 9), (ii) reduced 
inequalities (No. 10), (iii) sustainable cities and communities (No. 11), and (iv) peace, justice, and 
strong institutions (No. 16). So, compared to the MDGs, the uniqueness of SDGs is that it is more 
holistic, integrated and comprehensive and thus, to realise one goal is not to be impartial but 
integrate other related goals as well.

The priorities in SDGs for energy are basically on universal access to energy, a higher share 
of renewable energy, and massive improvements in energy efficiency. To achieve these goals, 
every nation in the world is bonded by the SDGs to make it realisation by 2030. The guidelines for 
affordable and clean energy goals are as follow:

1. Ensure that each and every person in the world can access reliable, affordable, and 
modern energy services;

2. Increase the proportion of renewable energy in the overall global energy mix;
3. Double the global rate of energy efficiency improvement;
4. Enhance international cooperation to facilitate access to clean energy research 

and technology, including cleaner and advanced fossil-fuel technology, renewable 
energy and energy efficiency, and promote investment in clean energy technology 
and energy infrastructure;

5. Expand infrastructure and improve technology for supplying sustainable energy for 
everyone in developing countries.

Indonesia’s commitment to SGD’s No. 7 is reflected from the 1st Nationally Determined 
Contribution (NDC) submitted for the Paris Climate Agreement in 2016. It is also an extension 
from the Rencana Aksi Nasional Gas Rumah Kaca – in Bahasa Indonesia (RAN-GRK) which aims 
to have 29% and 41% (with international support) of greenhouse gas emission reduction against 
the BAU (Business As Usual) by 2030. Several new initiatives from the Ministry of Energy and 
Mineral Resources have been about promoting renewable energy production and consumption 
aggressively, but unfortunately, not yet drafted in the 1st NDC. There are six points of Indonesia’s 
1st NDC which are laid out as follows:

1. Efficiency in final energy consumption;
2. Implementation of clean coal technology in power plant;
3. Renewable energy in electricity production;
4. Implementation of biofuel in transportation sector;
5. Additional gas distribution lines;
6. Additional compressed natural gas fuel station.
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Prof. Dr. Armida’s speech is concluded by following remarks:

1. Indonesia needs to improve its energy policy and its energy mix across sectors use 
to meet its 2030 SDG energy commitment:

• Sustainable energy consumption and production;
• The current NDC and policy narratives are not yet clear, however, the 

government is now working on it.
2. Combination of fiscal instruments, demand-side management and supply-side 

interventions. The role of fiscal instruments, taxation, and subsidy, including carbon tax, 
tariff incentives-disadvantage is indeed very important. Demand-side management is 
now slightly absent as current policy always approached the energy problem from 
the supply-side. However, it is in fact very important. To pursue success in energy 
efficiency and renewable energy use, the demand is to be created by establishing 
demand-side management, including demand support and responsive system and 
also demand restriction. 

3. Pricing, tariffs, incentives, and disincentives are important keys.
4. Utilization of technology to accelerate energy-related consumption pattern needs to 

be more efficient.
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Prof. Akiko Yamanaka

Senior Diplomatic Fellow at Central Asia Forum Cambridge University
Former Vice Minister for Foreign Affairs of Japanese Government

Former Special Ambassador for Peace Building of Japan

Both developing and developed countries need to establish a new security framework – one 
that is not only pursuing peace and safety for the global community, but also achieving the non-
traditional security measures such as of natural resources and goods to fulfill the basic of human 
rights.  

To achieve this goal, regional and international cooperation with a bird-eye view is needed to 
enable mutual support if something happens that could jeopardize the lives of people in certain 
country. For instance, Japan with sophisticated clean water technologies and water distribution 
system can help African countries in providing clean water for its citizen, while in the same time 
also helps the Middle East and South America in terms of desertification and deforestation issues, 
respectively. Another example is on accelerating technology development of wind and ocean 
power and upgrading nuclear facility can be done together between Japan and the UK that both 
are blessed with plenty of resources.

Unlike Indonesia that has plenty of natural resources for energy generation, Japan is highly 
dependent to import. The ratio of self-sufficiency in the grid is only 6.09% - a decrease from the 
19.9% level in 2010 before the 2011 big tsunami and earthquake. It is then resulted in increasing 
procurement expenditure and thus worsening the account balance. 

Natural resources in the past have inflicted some security issues. For instance, in 1969, the UN 
national resources survey was conducted along the East China Sea and that is the beginning of 
the issue of Senkaku Island. This implies that not only energy as a product, but energy resources 
must also be crucial for natural security. Therefore, some suggestions are given as follow:

1. International cooperation on development of alternative energy;
2. Regional energy policy – Japan and Indonesia can work together to initiate this 

program in ASEAN and the East Asia, through Japan’s economic research centre 
ERIA, located in Indonesia’s capital (Jakarta);

3. The role and responsibility of UN in energy sector, particularly in conducting surveys 
on energy resources and campaigning energy saving programme to community;

4. International comprehension of the safety of atomic energy generation – China is to 
have 40 atomic generations in the next 5 years, and if something bad happens, then 
neighbouring countries will be impacted.

The speech is closed with a reference to Aristoteles: “It is more difficult to organise peace than 
to win a war, but the fruits of victory will be lost if the peace is not organised” – So let’s work, and 
work together.
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Andrew Shaw

Economic Counselor, U.S Embassy Jakarta, Indonesia

Revolution in renewable energy is very real, rapid, and has global implications. Looking at 
the market for renewable energy technology, the growth has been remarkable with 2016 saw 
a total investment of 345 billion USD for 147 GW renewable generation capacity worldwide. 
Pursuing sustainable energy also requires an increase of energy efficiency in the transmission 
and distribution systems. Energy efficiency is seen as the world’s most secure, affordable, and 
available energy source. For energy efficiency and reliability to success, a robust energy policy 
and management in the generation and delivery should be established by the national government 
around the world, especially when generation and grid capacity is expanding. 

Here are some partnership programmes between USA and Indonesia in regards to energy 
development:

1. U.S. Agency for International Development (USAID) – Indonesia Clean Energy 
Development Program, that works with Ministry of National Development Planning 
of Republic of Indoensia and Ministry of Energy and Mineral Resources of Republic 
of Indonesia to help develop regional energy planning and to identify high potential 
energy sources from some targeted provinces across the country. USAID also works 
with the State Electricity Company (PLN) to connect with small-scale hydro, solar, 
wind, biomass and waste-to-energy projects to generate nearly 3 GW of electricity 
over the next 10 years;

2. Green prosperity projects, that invest in Indonesia to generate 3.4 MW of electricity 
through off-grid renewable energy systems in 5 remote locations;

3. Investment of 2million USD for new national standard in training and certification for 
the renewable energy projects;

4. An American geothermal company, Ormat, is a part of a  group company that 
develops Sarulla geothermal power plant in the North Sumatra – one of the world’s 
largest plant by capacity;

5. PT UPC, a Colorado renewable energy company, works with PLN in solar, wind, 
and hydropower plant projects, totalling more than 500 MW in around 20 locations in 
Indonesia, including the 75 MW Sidrap Wind Farm. US is supporting the Sidrap project 
through 120 million USD grant from US Overseas Private Investment Cooperation;

6. The US is helping Indonesia in formulating coal emission regulation and advanced 
technology through knowledge sharing and discussions;

7. The US Department of Energy is also helping Indonesia to establish the 10 GW 
energy efficiency roadmap. This primarily focused on air conditioner which alone 
can save up to 7 GW electricity demand by 2025. The initiative saves up to 12 billion 
USD from Indonesian consumers while avoiding 15 billion USD to build new power 
generation.

Although there is already a strong cooperation between USA and Indonesia, some highlights 
that can be enhanced in the future, including a fine-tuning in permit procedure, local content 
requirements, and financing scheme to accelerate investment in sustainable energy. The energy 
companies have raised that Indonesia should address these issues with an eye to provide greater 
incentives and competitions in renewable energy projects. The US understands that sustainable 
energy is real and progressing rapidly in the world, and now it just begun in Indonesia. Therefore, 
as a global leader, US wants to help Indonesia in harnessing the country’s fullest potential.
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It is indeed a controversial decision of USA’s withdrawing from the Paris Agreement, but the US 
policy in many ways remains the same. It is still committed to reduce emissions and to promote 
sustainable energy, energy economics, and energy security. 
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Moderator Panelist
HO – Dr. A. Havas Oegroseno AA – Prof. Dr. Armida S. Alisjahbana

AY – Prof. Akiko Yamanaka
AS – Andrew Shaw

1 HO What will be the 3 most important priority for Indonesia in regard to SDG no. 7?
AA 1. Demand-side management – one that is often overlooked, but equally 

important as supply-side management

2. Technology – critical to catch up with the global trends

3. Fiscal instruments that are market-based (not command and control such 
commonly used in Indonesia) – tariff, incentives, and pricing mechanism

2 HO What would be the uniting factor to establish a regional energy cooperation 
between ASEAN member states?

AY Re-evaluate own limitations, demand, and resources in each country and then 
compare. Start the discussion with: “If possible, what kind of energy resources 
or technology resources that this region has while the other region does not?” 
This is to establish balance in the regional and international level.

3 HO Based on your personal viewpoint, what will be the type of incentives that can 
boost ID’s development in terms of sustainable energy? Does the USA have 
particular policies or incentives in ASEAN to drive regional cooperation?

AS The best way is to hear directly from industry and stakeholders related. 
However, most of the energy projects are long-term projects which will need 
to back up from the government to assure payback for investors and banks. 
Incentives are also important to drive customers to buy low-carbon technology, 
such as electric vehicles, and for energy companies to increase its process 
efficiency or to shift to renewable sources. Also, to push the development of 
related technology so that it can eventually enter the Indonesian market with 
the best price possible.

In terms of current policy with ASEAN members, US has initiated some bilateral 
programs with ASEAN members to promote sensible energy policies or to 
promote energy subsidy reduction (which Indonesia did several years ago).

Plenary Discussion
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4 Floor – 
Round 1

1. How energy should be managed in the future? Please give comment about 
Indonesia’s energy situation based on your perspective.

2. As policies to promote renewable energy become a diplomatic problem for 
fossil fuel companies, what is the active role by Japanese oil companies in 
the field of renewables?

3. What is the strategy from Jokowi administration to achieve the 23% target 
of renewables in the 2025 energy mix?

4. How is the bioenergy program going in our country? What about in US and 
Japan?

AS • For Indonesia’s energy situation – In the country, some of the problems are 
about rural electrification and how to make renewable energy affordable. 
However, in some regions, there are actually, some advantages. Micro-
grids can be implemented in remote areas such as Papua by utilising 
local resources (On this matter, US companies have already initiated 
the program by selling batteries and micro-grids). In terms of creating 
incentives, addressing local requirement is important to ensure best prices 
and technology for renewables to compete with fossil fuels. Price per kWh 
of fossil fuels are indeed sometimes less than renewables, but it does not 
reflect the externalities costs that are too often overlooked. 

• On USA’s bioenergy program: Biofuel is an important mix in the US fuel 
system. 

On USA’s bioenergy program: Biofuel is an important mix in the US fuel system. 
AY • On bioenergy – Biomass in Japan has had challenges in the development 

as resources and labour are deemed as expensive.

• On Japan’s energy challenges – In Japan, resources are not plenty and 
simple. For instance, wind energy is not working on land while offshore 
condition is very steep, making offshore wind farm is challenging and 
almost impossible to set up; ocean energy is a potential but still expensive, 
although the government is trying to make it cheaper; oil in the northern 
sea is almost finished up; and with the Fukushima disaster, current energy 
supply in the country is mostly imported (80%). Even so, Japan realise 
that depending on import threaten the energy security (case example: 
Russia vs Ukraine on natural gas) and thus, thinking about rebuilding a new 
modern yet safe system (like UK). In Japan, the priority for energy sector is 
to ensure that the supply is stable and price is cheaper.
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AA • On energy management: 

a. Demand and supply management – Government should find ways 
to shift people behaviour by taking account on several parameters. 
For instance, in the transportation sector, to forbid two-wheeled 
motorcycles in certain areas and thus, push people to use public 
transportation instead. 

b. Subsidy – For geothermal case, the government has to subsidize 
part of the project to ensure attractiveness of the project portfolio 
for investors and thus, enable the project to go forward. 

c. Planning – We suddenly received news that current energy 
generation planning will be resulted in oversupply in the future. 
It indicates that there is a disconnection between planning and 
forecasted demand.

d. Intensive campaign to convince people that renewable energy is 
better from economic side. This is important, as Indonesian tends 
to weigh in more on cost parameter.

• On bioenergy – There are projects in some palm oil plantation companies 
that utilise their biomass waste to generate own electricity needs. Biomass 
sources are abundant, yes, but how to encourage more use? Again, the 
cost parameter is the key.

5 Floor – 
Round 2

1. (Give suggestion on the importance of internalising knowledge about 
renewable energy technology to young generations) – ‘Energy’ course 
should be obligatory for undergraduate students as young generations hold 
important role for the future of energy development. What will be your view 
on this suggestion?

2. Can you please advise young generations who are passionate to help 
developing energy policies without having to work for public sector?

3. What will be your view on hydrogen energy for Indonesia?

4. Which one is more suitable for your country – fiscal instruments or 
incentives? Also, if carbon tax is implemented, would it inhibits technology 
development and innovation in energy companies or disadvantage small 
enterprises who cannot yet afford to reduce their carbon emission? 
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AA • On hydrogen energy storage: Energy storage is very important for renewable 
energy development, as it often becomes an obstacle. Therefore, research 
on this field is needed to achieve technology maturation. For this, ESDM 
cannot walk alone, as other ministries and agencies are critical to bringing 
in their expertise or economic incentives (tax, fiscal, and incentives). 

• On the role of young generations can take – Many research in academic 
institutions such as ITB, are driven to develop renewable energy technology 
and also to encourage energy efficiency in consumption

• On the internalisation of energy knowledge – Yes agree, but it should 
not be partial to only include energy. Instead, the course should cover all 
SDG points. For instance, in UNPAD, currently the first year students are 
mandatory to take SDG course.

AY The government and companies have to provide options for people to choose 
what they want in their life. It is important as in the case of Japan many years 
ago, massive technologies are imported from the USA but it did not necessarily 
make Japanese people live a happier life afterwards. In Indonesia, there are 
already so many energy resources to choose from and thus, it is important to 
choose wisely from those many options according to Indonesia’s identity.

AS • On energy storage: Energy storage such as battery is critical so researching 
about it is interesting and important

• On the carbon tax – The policies are proposed and implemented by many 
countries but remain controversial

6 HO Closing remarks – From the keynote speech this morning, the opening remarks, 
and further continued in the discussion, it can be concluded that renewable 
energy is here. It is not going to leave. It will not be an easy step for us to 
transition – even there are a lot of hiccups along the way. But, the government 
is already putting policy and discussions on the right way.

However, of the many renewable sources discussed, there is one that Indonesia 
has plenty of resources but has not yet properly talked about. It is plastic waste. 
Indonesia is the world’s second-largest producer of marine plastic debris. 
We throw approximately 8 million ton a year of plastic to the sea. While it is 
polluting our ocean, marine plastic debris has the potential for renewable power 
generation.
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The Role of  the Social Responsibility Program of  the Oil and Gas Industry 
in Sustainable Development of  Cirebon Region

D. Sunarjanto1, Suliantara1, R. R. Setiadji2, Panuju1 and O. A. Prayoga1

1Research and Development Centre For Oil and Gas Technology LEMIGAS, Jl.Ciledug Raya Kav 109, 
Cipulir-Kebayoran Lama, Jakarta Selatan, Indonesia, 12230.

2Special Task Force for Upstream Oil and Gas Business Activities Republic of Indonesia, Wisma Mulia 
Building, Jln. Jend.Gatot Subroto No.42, Jakarta 12710, PO BOX 4775, Indonesia.
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Abstract. Corporate social responsibility (CSR) is the company’s commitment to trying to 
improve the welfare that is done transparently and openly through good activities by using 
company resources. This commitment is implemented on the internal and external scope of 
the company. External activities of the company are implemented activities with the aim of 
improving the economic, social and environmental status around the company’s business 
area. The concept of sustainable development is the concept of the fulfillment of present 
needs with attention to the needs of future generations. Sustainable development rests 
on three main pillars, namely the economic, social and environmental sustainability that 
constantly affect the level of human well-being. Cirebon area is located on the north coast 
of Java, an economically strategic area. Upstream oil and gas activities in the form of mining 
and processing operated by PT. Pertamina EP Asset 3 are located within this area. Current 
productive oil and gas fields are Tambun Field 2,200 barrels oil per day (BOPD) and 50 million 
standard cubic feet per day (MMSCFD), Jatibarang Field 7,318 BOPD and 50.43 MMSCFD 
and Subang Fields 1,709 BOPD and 200 MMSCFD (www.viva.co .id., 2017). Field production 
and development activities are still ongoing in the region. The research methodology includes 
inventory of publication data, inventory of publication, data processing, field review survey and 
discussion with stakeholders. The research target is to assess the positive impact of social 
responsibility program of oil and gas Industry Company of Cirebon Area to be applied to the 
development of similar area in Eastern Indonesia and other area. Result of data analysis and 
conclusion to through the coordination of oil and gas companies and local governments, CSR 
activities are able to encourage developments to improve economic, social and environmental 
quality of the targeted areas. The CSR theme is determined by taking into account local 
resources, local government plans and corporate objectives.
Key words: corporate social responsibility, sustainable development, oil and gas upstream

1. Introduction
Corporate social responsibility is the company’s commitment to business to improve the 
welfare that is done transparently and openly through good business practices with some of the 
company’s resources. Corporate responsibilities apply both internally and externally. The external 
responsibility of the company is implemented by carrying out activities to improve the economy, 
social issues and environment around the company’s activities. According to Emil Salim (Suardi, 
2014): sustainable development is a development process that optimizes the benefits of natural 
resources and human resources by harmonizing natural and human resources in development. 
Furthermore, the concept of sustainable development is based on five major ideas, namely:

1. First, the process of development must take place continuously and be sustained;
2. Secondly, natural resources have thresholds, where their use will shrink quantity, and 

quality; 
3. Third, environmental quality is directly correlated with quality of life; 
4. Fourth, that the current pattern of natural resource use should not exclude the 

possibility of choosing other options or options in the future; and 
5. Fifth, sustainable development presupposes transgenerational solidarity.
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The main principle of sustainable development is long-term stability of needs through the integration 
and acknowledgment of economic, environmental and social concerns without sacrifice the 
future generation needs (Emas, 2015). The concept of sustainable development is the concept 
of meeting the needs of the present without compromising the needs of the coming generation. 
But in practically, in the sense of the basic principle of modern sustainable development there 
are other additional important aspects of the use of modern technology. Uncontrolled use of 
technology without thinking of the sustainability aspect will disrupt the balance system in its goal 
for long-term sustainable development (Strange and Bayley, 2008).

The development is oriented towards three main pillars, namely economic, social and 
environmental as the current and future principles of justice. In sustainable development there is 
equity and social justice, biological preservation, integration between nature and social and long-
term perspective.

2. Data and Methods

2.1 Data
Cirebon area is located on the northern coast of Java Island (Figure 1). This area is administratively 
included in Cirebon District, Kuningan Regency and Cirebon Municipality of West Java Province.

Figure 1. Research areas

This area has a strategic position, among others, connecting Jakarta with Central Java with 
primary and highway road facilities: railway crossing the north and south cross, there is a power 
plant for electricity transmission lines Sumatra-Java-Bali transmission line; there are facilities of 
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Nusantara Marine Port and upstream oil and gas industry.

Study area has been known as oil and gas producing area with operator PT. PERTAMINA EP 
Asset 3. Oil and gas fields in this area include Tambun Field, Jatibarang Field, Mundu Field and 
Subang Field. The field production is as follows Tambun Field 2,200 BOPD and 50 MMSCFD, 
Jatibarang Field 7,318 BOPD and 50.43 MMSCFD and Subang Field 1,709 BOPD and 200 
MMSCFD (www.viva.co.id, 2017). Oil and gas exploration activities are still ongoing because the 
oil and gas resources that have not been found are still around 2,651 MMSTB and 1,390 BSCF.

Cirebon area is an interesting area to be developed into a more advanced area. West Java 
Provincial Government plans this area will become Metropolitan City of Cirebon Raya in 2025 
(Figure 2).

Figure 2. West Java Illustration Year 2025 (Bappeda Jawa Barat, 2016)

Based on West Java Province data in 2016, the highest density is Kota Cirebon and the lowest 
is Subang Regency (Table 1). The highest labor force is located in Kabupaten Cirebon as 
well as the number of unemployed in this district (Table 2). The ratio between the numbers of 
teachers to students in this area is relatively the same, which is between 16 and 20 (Table 3). 
The number of poor people in the area is the largest in Indramayu District followed by Cirebon 
District. Considering these conditions, the sustainable development program (discussed in the 
following section) is focused on improving the welfare of the population through environmental 
improvement, employment opening and improvements in education and skills of the population.

Table 1. Population and Density                                        

Regency
Population (thousand) Population Density/sq km
2010 2014 2015 2015

Kab. Cirebon 2,044.20 2,109.60 2,126.20 1,985.14
Kab. Kuningan 1,023.90 1,049.10 1,055.40 887.72
Kab. Indramayu 1,645.00 1,682.00 1,691.40 808.46
Kab. Subang 1,449.20 1,513.10 1,529.40 706.58
Kota Cirebon 293.20 304.60 307.50 7,656.72

Source: West Java Province in Figures 2016
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Table 2. Number Employment and Unemployment

Regency
Employment (thousand) 2015
Working Unemployment Total

Kab. Cirebon 813.82 95.56 909.38
Kab. Kuningan 435.71 35.29 471.00
Kab. Indramayu 677.20 63.00 740.20
Kab. Subang 633.12 70.68 703.80
Kota Cirebon 126.82 16.13 142.95

Source: West Java Province in Figures 2016

Table 3. Number School, Pupils and Teacher

Regency
Number of Schools, Pupils, Teachers and Ratio FY 2015
School Pupils Teachers Ratio

Kab. Cirebon                923         206,870           10,833             19.10 
Kab. Kuningan                650         104,870             7,208             14.55 
Kab. Indramayu                892         164,404             9,341             17.60 
Kab. Subang                872         146,942             9,208             15.96 
Kota Cirebon                162           37,197             2,043             18.21 

Source: West Java Province in Figures 2016

2.2 Methods
The research methodology includes inventory of publication data, data processing, field review 
survey and discussion with stakeholders, data analysis and conclusion formulation. The objective 
of this research is to know the positive impact of social and environmental responsibility program 
of oil and gas Industry Company of Cirebon Area to applied to the development of similar area in 
Eastern Indonesia and other area.

3. Government Development Program
Indonesia as one of the countries has agreed on the implementation of sustainable development 
goals (SDGs) is committed to the successful implementation of SGDs through various activities 
and has taken a strategic step. Presidential Regulation No. 59 of 2017 shows the government’s 
consistency to institutionalize the SDGs agenda into national development programs. The 
Presidential Decree on SDGs emphasizes the involvement of all stakeholders, with the 
Presidential Decree on SDGs also aims to maintain the continuous improvement of the welfare 
of the people, to maintain the sustainability of the community’s social life, to maintain the quality 
of the environment and inclusive development. Figure 3 shows Sustainable Development Goals 
(The Global Goals in Sucahyono, 2017).
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Figure 3. Sustainable Development Goals (17 Goals)

The Government of Indonesia plays an active role in the implementation of SGDs in Indonesia by 
integrating with the National Medium Term Development Plan (RPJMN) 2015 - 2019. Furthermore, 
this national plan is downgraded by provincial and district levels.

The West Java Provincial Medium Term Development Plan for the period of 2015 - 2018 consists 
of 10 targets, namely:

1. Improving the accessibility and quality of education
2. Improving accessibility and quality of health services
3. Develop regional infrastructure, energy and raw water
4. Improving agricultural economy
5. Increasing non-agricultural economy
6. Improving the management of natural resources, environment and disaster
7. Improve art, culture and tourism management as well as youth and sports
8. Increase family resilience and population
9. Tackling poverty, people with social welfare and security issues
10. Modernization of government and rural development

Development Activities by Regency and City Government of Cirebon as positive impact, among 
others,

• Development of historical heritage such as Museum, Kraton Kasepuhan, Kraton 
Kanoman, and Goa Sunyaragi

• Marine tourism is relatively lacking although Cirebon has coastal and coastal areas: 
such as Waterland, cottages and bathing places on the beach

• Folk handicraft trading center such as Trusmi batik and souvenir typical of Cirebon 
and also culinary tour.

4. Corporate Social Responsibility (CSR)
Pertamina EP Asset 3 as the implementer of upstream oil and gas activities in Cirebon Area 
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implementing environmental social responsibility program is committed to always prioritize the 
balance and sustainability of nature, environment and society. With the welfare of human, nature 
and environment, the company will achieve sustainable business development (Annual Report 
PERTAMINA, 2016).

PERTAMINA EP Asset 3 implements environmental social responsibility programs by, among 
others:

• Benefit each other
• Sustainable
• Priority areas of operation and affected areas
• Green energy development
• Effective socialization and publication.

Some CSR programs by Pertamina EP Asset 3 that have been implemented in Cirebon Region 
are:

a. Sheep cultivation and biogas development in Karanglayung Village, Sukra District, 
Indramayu District.

b. Preservation of Mimi Rasina Dance Mask Dance around the working area of 
Jatibarang Field.

c. Nila fish cultivation and Cucut fish processing around Losarang Village Indramayu 
District.

d. Management of garbage bank in Karanganyar Village Kandanghaur District 
Indramayu Regency.

e. Tree planting program around Balongan oil refinery facility.
f. Construction of smart house in Karanglayung Village
g. Improved road quality at Jalan Sindang - Pecuk Indramayu, in the form of asphalt 

coating. Construction of Bathroom facilities - Wash - Kakus (MCK).
h. Construction of road infrastructure, gate and solar power.
i. Biodiversity conservation program and construction of Ceremai Mountain National 

Park Research Station.
j. Development of fish processing in Tambaksari Village Karawang regency. Target 

coaching to housewives to process milkfish into gepuk, nugget, brain-brain, siomay, 
baso and dragon legs. The product has become souvenir of Karawang regency.

k. The development of batik handicrafts typical of Betawi in Bekasi Regency and named 
Saraci Group. The target of coaching for young women and fathers. Saraci Group 
has received orders from outside Bekasi.

l. • Development of organic and medicinal plant exploitation in Bekasi Region in 5 
Villages. Hurip Jaya Village as one of the beneficiaries has shown success compared 
to other villages.

m. Rehabilitation of mangrove plants in Desa Pantai Mekar, Muara Gembong Sub-
district. The target of the program is for residents to re-plant mangrove that will be 
used as ecotourism area.

n. Development and construction of inspiration house in Dangdeur Village Subang 
Subang Subang Regency.

o. Guidance of making liquid fertilizer in Subang
p. Establishment and guidance of citizens care aids (WAPA) in the Village Sukareja 

District Sukasari Subang Regency.

5. Evaluation of  the Conformity Program
The evaluation of the impact of CSR program on upstream oil and gas company (by Pertamina 
Asset 3) in the research area is conducted in three sectors, namely economic, social and 
environment.
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5.1 Economic Impact
The implementation of the CSR program by Pertamina Asset 3 in Cirebon Region has been 
qualitatively shown to have a positive impact, such as the increase of employment opportunities, 
tourism objects, the value of raw materials, and the utilization of waste goods, trade which leads 
to increased of the population.

5.2 Social Impact
CRS activities are carried out by companies under the control of local government. Most of the 
sustainable development activities in Cirebon Region are conducted in the form of a structured 
organization under the management of the local community of the region. This encourages people 
to work together and organize to achieve the vision and mission with the activities

5.3 Environmental Impact
The implementation of the company’s CSR program is actively carried out by residents with 
monitoring by the company and local government. Some programs directly affect the improvement 
of environmental quality, such as garbage bank program, mangrove planting program and 
biodiversity conservation of Mount Ceremai.

Figure 4. CSR Program for Mount Ceremai Area (PERTAMINA EP Asset 3, 2017)

Evaluation of conformity of CSR program of upstream Oil and Gas company in Cirebon Region 
which is currently managed by PT. PERTAMINA EP Asset 3 is shown in table 5.
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Table 5. Conformity CSR Program to SDGs

No Sustainable Development Goals Corporate Social Responsibility 
Program

1 End poverty in all its forms everywhere a, c, d and j

2 End hunger, achieve food security and improved 
nutrition and promote sustainable agriculture a and c

3 Ensure healthy lives and promote well-being for 
all at all ages a, c, d, h, j, k, l, m, n and p

4 Ensure inclusive and quality education for all and 
promote lifelong learning b, c, d, f and n

5 Achieve gender equality and empower all women 
and girls b and k

6 Ensure access to water and sanitation for all d, g and p

7 Ensure access to affordable, reliable, sustainable 
and modern energy for all a, d, g and i

8
Promote inclusive and sustainable  
economic growth, employment and decent  
work for all

a, b, c, d, e, f, g, h, I, j, k, l, m, n, o 
and p

9 Build resilient infrastructure, promote sustainable 
industrialization and foster innovation a, c, d, g, h , l and o

10 Reduce inequality within and among countries f

11 Make cities inclusive, safe, resilient and 
sustainable b, c and k

12 Ensure sustainable consumption and production 
patterns c, e and j

13 Take urgent action to combat climate change and 
its impacts e and m

14 Conserve and sustainably use  
the oceans, seas and marine resources j and m

15
Sustainably manage forests, combat 
desertification, halt and reverse land degradation, 
halt biodiversity loss

i

16 Promote just, peaceful and inclusive societies l and p

17
Strengthen the means of implementation and 
revitalize the Global Partnership for Sustainable 
Development

e, i, m, and n

6. Results
• In general, CSR activities in Cirebon Region qualitatively improve the quality of the 

population in the economic, social and environmental sectors.
• The dominant CSR program aims to promote sustainable economic development.
• The determination of the TJLS program theme is a compromise between the status of 

natural and human resources, government programs and corporate targets.
• Communication between companies, governments and residents is needed to 
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improve the effectiveness of the CSR program.
• The pattern of CSR implementation in Cirebon Regions can be applied in Eastern 

Indonesia and other area by considering local conditions and situations.
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Abstract. Remote rural villages in Indonesia do not have sufficient infrastructure to maintain 
an economically sound energy generation and distribution. Sparse area and low population 
hinder national electricity company (PLN) to connect these remote rural villages to the 
national grid. Many of the villages lies in the palm oil plantation, where renewable biomass 
resources from the Palm Oil Mill wastes are plentiful. Untapped biomass resources could be 
the answer to energy security issue in remote rural area. Berau Regency in East Kalimantan 
Province has many villages located in the palm oil plantation area. Nearly all of the palm oil 
processing plants in Berau use palm shell and fibre to power the mill. Some of them have 
the agreement with PLN to sell their excess power. This scheme can be applied to provide 
electricity to villages around the palm oil mills. However, it is unreliable since the amount of 
excess electricity produced keeps fluctuating. This paper explores the idea of village-owned 
biomass/biogas power plant that is owned and operated by the villagers themselves. That 
way, the village can ensure its own energy security using sustainable local resources. In 
conclusion, the investment cost of biomass/biogas power plant cannot be provided by village 
annual budget. Although the villages in Berau Regency have a relatively high annual budget 
about two to five billion rupiahs, the investment costs of biomass/biogas power plant is even 
higher. According to the economic analysis of biomass/biogas power plant development, a 
biomass power plant with 1,7 MW capacity can cost up to 46 billion rupiahs Moreover, a 
biogas power plant with 1 MW capacity costs around 41 billion rupiahs.  It is not possible for 
the villages to finance the power plant development by themselves. Therefore, the private 
sector is needed to implement biomass/biogas utilization for rural electrification from palm oil 
waste. With the NPV up to Rp.65.078.072.000 and IRR of 20% for biomass power plant and 
Rp.14.330.070.000 and 10% for biogas power plant, it is economically feasible and profitable 
for private enterprise to undertake. The challenges are for the government to encourage the 
private sector to invest and for PLN to sign Power Purchase Agreement with these palm oil 
enterprises rather than just Excess Power Agreement.

1. Introduction
There are many villages in Berau Regency that can be considered remote and do not have 
access to basic infrastructures, such as electricity. Those villages are far enough from the main 
grid of national electricity company or Perusahaan Listrik Negara (PLN) that connecting those 
villages to the main grid is not economically feasible. Many of these villages are located near 
palm plantation area. The palm oil is then processed locally in private Palm Oil Mills (POM) which 
produce both solid and liquid waste. Solid waste can be used as fuel to produce energy both heat 
and electricity. On the other hand, liquid waste, generally called Palm Oil Mill Effluent (POME), 
can be processed to produce biogas which in turn also produce energy. Exploring the possibility 
of utilizing these biomass/biogas from POM waste could be the answer to energy security issue 
in remote rural area.

Berau regency has palm plantation area about 120.535 Ha that produces palm fruit of 1.221.143 
tonnes, whereas forest area is about 2.188.262,59 Ha (East Borneo Plantation Agency, 2017). 
This data can explain how huge biomass resources that could be exploited. There are 7 POM 
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in Berau. Two of them which is operated in Talisayan and Segah Sub-district, already use their 
waste as energy sources to power the mill and the worker camps. PT. X operates in Talisayan 
Sub-district and they operate Biomass combustion power plant fuelled by the solid waste from 
the mill itself. The mill operated by PT. Y in Segah Sub-district is powered by the same biomass 
combustion power plant. In addition, it also utilizes biogas power plant to power the mill. Both 
companies already have agreement with PLN to sell their excess power to PLN. PLN then 
distributes the electricity to nearby villages. This scheme allows neighboring villages to have 
access to electricity produced from POM.

This scheme has a downside that whenever the POM needs extra power, the amount of electricity 
sold to PLN would decrease and resulting blackout in the villages. This case happens very often, 
means that the villages still do not have a reliable electricity source. This hampers economic 
development of the villages as the people still dependent to the palm oil company excess power 
for electricity.

If the villages can own and operate the power plant themselves, they can achieve energy security 
by having reliable electricity generation facility. The purpose of this research is to explore the 
feasibility of village-scale biomass plant to be owned and operated by the village.

2. Methodology
Literature study is the first step of the research, followed by site visit to two palm oil mill in Berau 
Regency, PT. X in Talisayan Sub-district and PT. Y in Segah Sub-district.

The site visit provides the necessary data about the investment and operational requirement of 
construction and running a biomass/biogas power plant, such as:

1. Initial investment
2. Operational Cost
3. Technological level
4. Human resource requirement

These data is then compared to village data acquired by the authors in order to assess the 
feasibility of a village-owned biomass/biogas power plant. By using the cash flow analysis, we can 
calculate the economic feasibility.

In this paper, we limit our research to only two system. We only analysed combustion cycle 
technology for biomass power plant and Continuously-Stirred Tank Reactor (CSTR) for biogas 
power plant. The research was conducted in villages in Berau Regency, East Kalimantan.

3. The Technology

3.1. Biomass Power Plant System
Biomass power is carbon neutral electricity generated from renewable organic waste that would 
otherwise be dumped in landfills, burned, or left as fodder for forest fires such as palm oil waste 
(fibre and shell), wood and animal waste. Biomass resources can be produced continuously 
which creates sustainable energy resources (LLC, 2011). 
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Figure 1. Biomass Power Plant System in Palm Oil Mill (Erhaneli, 2017)

There are two types of biomass power plant energy production system. First system is direct 
combustion of solid biomass in boiler and second system is gasification which produces methane 
that is used as fuel.

Table 1. Calorific Value of Biomass (Peter Quaak, 1999)

Type LHVw (kJ/kg) MCw(%) ACd(%)
Bagasse 7,700-8,000 40-60 1.7-3.8
Cocoa husks 13,000-16,000 7-9 7-14
Coconut shells 18,000 8 4
Coffee husks 16,000 10 0.6
Cotton residues
Stalks 16,000 10-20 0.1
Gin trash 14,000 9 12
Maize
Cobs 13,000-15,000 10-20 2
Stalks 3-7
Palm Oil Residues
Fruit stems 5,000 63 5
Fibers 11,000 40
Shells 15,000 15
Debris 15,000 15
Peat 9,000-15,000 13-15 1-20
Rice husks 14,000 9 19
Straw 12,000 10 4.4
Wood 8,400-17,000 10-60 0.25-1.7
Charcoal 25,000-32,000 1-10 0.5-6
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Combustion system types commonly used which energy comes from combusting shells 
and fibres to power the turbine. Fuel is stored in a bunker for further transport to the boiler. 
In the boiler, water is heated to high temperature under pressure. The steam temperature 
can reach up to 550oC. Steam from the boiler rotates power the turbine, which is connected 
to the generator. Steam that has passed through the turbine then sent to the condenser 
and then to cooling towers where it cooled down before going back to boiler again.

Figure 2. Material Balance of Power Plant in Palm Oil Mill (Wibowo, 2016)

3.2. Biogas Power Plant System
Biogas power plant uses methane produced from POME as fuel. Biogas is product of anaerobic 
activity or fermentation from organic matter such as animal waste, liquid organic waste or any 
organic waste which are degradable in anaerobic condition. The primary content of biogas are 
methane and carbon dioxide.  In the power plant system, methane combustion converts chemical 
energy to kinetic energy which powers generator.

Biogas production has four separate stages (USAID, 2015)

1. Hydrolysis: Hydrolysis is a reaction to water. Acid and base can be used to accelerate 
the reaction. The organic substrate contains different proportion of cholesterol, 
protein, and carbohydrate can be hydrolyzed into dimer and polymers (fatty acid, 
amino acid, and sugar). 

2. Acidogenesis: Conversion of pimer and polymers by bacteria into organic acid or 
volatile fatty acid.

3. Acetogenesis: alcohol and fatty acid turn into acetic acid, CO2 and H2. 
4. Methanogenesis: The process of methanogens producing methane. 
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Figure 3. Biogas Power Plant Diagram (USAID, 2015)

4. Regulation
The Ministry of Energy and Mineral Resources Regulation No. 50/2017 about utilization of 
renewable energy for electricity supply section 8 and 9 explains the mechanism for purchasing 
power produced by biomass and biogas power plant that has capacity up to 10 MW. In terms 
of generic cost of generation or Biaya Pokok Pembangkitan (BPP), the electricity produced by 
Biomass and Biogas power plant can be purchased by PLN to maximum of 85% from regional 
BPP.  

While the BPP itself is regulated in Ministerial Decree No. 1404 K/20/MEM/2017. It is stated that 
regional BPP in East Borneo is about Rp 1.357/kWh. As a result, the price of is Rp 1.153/kWh of 
maximum purchasing price from Independent Power Producer (IPP). Energy price according to 
current agreement between PT. X and PT. Y as IPP and PLN is Rp 1.150/kWh each. 

Ministry of Energy and Mineral Resources Regulation No. 38/ 2016 on accelerating electrification 
in undeveloped rural areas, remote regions, border areas, and small inhabited islands through the 
implementation of small-scale electricity provision enterprises encourage private sector to invest 
on power plant development below 50 MW capacity.

These regulations use as the references for paper analysis for economic feasibility of biomass/
biogas power plant village scale development.

5. Study Case in Berau

5.1. PT.  X, Talisayan Sub-district
POM of PT. X in Talisayan Sub-district have processing capacity of 60 tonnes/hour which operates 
in 12 hours resulting in 720 tonnes/day capacity. This mill receives up to 1000 tonnes of Fresh 
Fruit Bunch (FFB) a day. To power this mill, there is a power plant with installed capacity of 2 
X 1,7 MW which one generator is acting as a backup. With 85% plant efficiency, the net power 
generated is about 1,5 MW. Roughly 1,2 MW of power generated is for internal use while 0,3 MW 
excess is purchased by PLN with Feed-In Tariff of Rp 1.150/kWh. This excess power purchase 
agreement has been in place since July 2013. 

Based on PT. X data in June 2017, POM waste can be categorized as dirt 8.93%, empty bunch 
25%, sludge 17.16%, shell 4.10% and fibre 4.74%.The waste ratio is 60% of total 11.200 tonnes 



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 65

of FFB. Therefore, about 23.1 tonnes/day of fibre and shell is fed to the power plant with capacity 
of 1,5 MW. 

Figure 4. Power Generator Name Plate 

Figure 5. Material Balance of PT. X
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Based on production data in 2017, the average power plant energy production was about 311.147 
kWh/month and an auxiliary diesel generator produced 64.804 kWh/month. The total energy 
produced was then divided into internal use and excess power which 301.187 kWh was allocated 
for internal use and 74.764 kWh was excess power purchased by PLN to power villages around 
PT. X mill.

As a consequence, average income generated from this excess power agreement per month was 
Rp 85.978.600.

5.2. PT. Y, Segah Sub-district
PT.Y POM in Segah Sub-district has processing capacity of 120 tonnes/hour, but now is operating 
with capacity of 90 tonnes/hour. This mill receives up to 40.000 tonnes of FFB per month or about 
1.333 tonnes/day. Fuel consumption for diesel generator is 5.000 L/month. Installed biogas power 
plant 1 MW capacity produces effective power about 799 kW. If needed, the company could 
upgrade the biogas power plant to 2 MW. Power purchase agreement was established in October 
2015, started with biomass power plant and then biogas power plant installed in December 2016. 
In this company, biogas power plant has its own management that is separated from palm oil mill 
management.

With FFB supply of 40.000 tonnes/month and 30% yield, 28.000 tonnes of waste can result 
11.913 m3 of POME per month. That amount of POME can produce 366.681 m3 of biogas with 
ratio of 30,77 m3 biogas per 1 m3 POME.

Based on production data since December 2016, average of effective energy production was 
374.912 kWh. Energy allocation in a month is divided to supply employee housing of 102.613 
kWh, palm oil mill of 182.047 kWh, and excess power purchased by PLN of 89.252 kWh with 
Feed-in tariff of Rp 1.150/kWh. Hence, the Average income generated from this excess power 
agreement in a month was Rp 102.639.800.

6. Technology Analysis
Technology analysis has the purpose of evaluating the possibilities of village-owned biomass/
biogas power plant. By comparing it with another renewable energy that has been implemented 
in rural remote area like micro-hydro power or communal solar power plant and assessing any 
aspects that can assure the sustainability of the project such as production process, power plant 
maintenance, human resources, and environmental study.

6.1. Production Process
One tonne of FFB can produce 200 kg crude palm oil (CPO), 190 kg of shells and fibre, and 230 
kg of empty bunch. Combustion from shells, fibre, and empty bunch which weight about 420 kg 
can produce ± 120 kWh. The production process uses steam turbine that should be monitored 
periodically.

To produce one tonne of FFB in Indonesia need 900 m2 plantation area which can produce 120 
kWh, whereas solar power plant needs 900 m2 area to produce 16 kWh. But solar power plant is 
much cleaner than biomass power plant because solar power plant does not produce any waste 
during its operation. Where in contrast, biomass power plant produces combustion waste, noise, 
and air pollution.  

6.2. Spare Parts Availability
Biomass and biogas production need generator which is imported from countries like Japan, UK, 
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and USA. Spare part like deaerator, HP/LP heater, Condenser, Gland Heater, Water filter, Oil 
Filter, Steam Filter, Oil Cooler, Extraction Valve, Oil Tank, Ejector, 2 stage steam jet air ejector, 
safety valve imported to from that countries. This case same as solar power plant that spare parts 
imported from other countries like Germany, China, and Canada. 

6.3. Human Resources Needed
Human resources quality can impact the sustainability of biomass power plant. Biomass power 
plant needs daily maintenance and constant monitoring when the plant is active. The nature 
of combustion process that requires high temperature and pressure makes it a high-risk job. 
That is why, biomass power plant needs a group highly skilled and experienced worker, working 
cooperatively to operate the plant. While solar and micro-hydro power plant does not require 
intense monitoring and only need one person as operator at a time.

6.4. Village-owned Biomass/Biogas Power plant, technological point of  view
Disadvantages:

1. Require a group of skilled operator that should be monitoring boiler condition, etc.
2. Require constant monitoring.
3. Ignition takes time too long.
4. Need huge amount of water.

Advantages:

1.  Reducing palm oil waste.
2.  Reducing fossil fuel consumption.
3.  Renewable resources.
4.  Local raw materials.

7. Economic Analysis
7.1. Existing Condition Material Balance
We analyze the material balance of both biomass and biogas power plant from PT. X and PT. Y 
respectively to find if there is still enough biomass supply if we want to develop a biomass/biogas 
power plant.

From data, we gather from field study we can calculate the amount of biomass needed to supply 
current electricity generation process as presented in table below.

Table 2. Material Balance of Biomass Power Plant

Current Electricity Generation 311.147 kWh
Fuel Consumption Rate 0,932330827 kg/kWh
Total Fuel Consumption 290.091,94 kg
Biomass Requirement 290,09 ton
Biomass Supply 1286 ton
Biomass Surplus 995,91 ton
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Table 3. Material Balance of Biogas Power Plant

Current Electricity Generation 374912 kWh
Fuel Consumption Rate 0,600 m3/kwh
Total Fuel Consumption 224.947,20 m3 biogas 

POME/Biogas Ratio 30,73
POME Requirement 7.320,12 m3 POME 
POME Supply 11913 m3 POME 
POME Surplus 4.592,88 m3 POME

From both tables, we can conclude that there is a room for development of biomass power plant. 
From PT.X, there is a surplus of 402,91 tonnes of palm oil wastes. Meanwhile, from PT.Y, there is 
a surplus of 4.592,88 m3 of POME. Both can be used to further optimize power generation from 
each power plant.

7.2 Development Plan
We analyze both biomass and biogas power plant from PT. X and PT. Y respectively in terms 
of Net Present Value (NPV), Internal Rate of Return (IRR) and Payback Period (PBP). We also 
calculate the energy production cost of each power plant. 

Each analysis is divided into two scenarios. In scenario I, the use of electricity still takes account 
consumption of the mill itself and other self-consumption, as such the amount of electricity sold 
to off-taker (PLN) will be decreased. While in scenario II, all the power generated will be sold to 
the off-taker.

Moreover, each scenario is then divided into two sub-scenarios. Sub-scenario A assume the plant 
is built in conjunction with Palm Oil Mill, so the fuel is supplied from the mill, therefore, eliminating 
the fuel cost. In sub-scenario B, the power plant is built independently so it needs to provide the 
fuel from elsewhere, adding a fuel cost.

Key assumptions for the calculation are

 - Project lifetime : 20 years
 - Capacity Factor : 85%
 - Parasitic Load : 6%
 - Discount Rate : 6%
 - Feed-In Tariff : Rp 1.150/kWh

7.3. PT. X Biomass Power plant
After we analyze the material balance of PT.X Mill, we know that there is a supply of 1.286 tonnes 
of solid waste that can be used for electricity generation. The PT. X Biomass Plant specifications 
are:

 - Installed Capacity  : 2.300 kW
 - Operating Capacity : 1700 kW
 - Capacity Factor  : 85%
 - Parasitic Load  : 6%
 - Plant Heat Rate  : 3100 kcal/kWh
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 - Fuel Caloric Value  : 3325 kcal/kg
 - Fuel Consumption  : 0,9 kg/kWh

For this analysis, it is assumed that the plant works on full operating capacity which is 1.700 kW. 
Energy generated from this capacity is 977.976 kWh/month. By calculating the fuel consumed for 
each kWh, it turns out that the amount of fuel needed is 911,8 tonnes. This demand can be fulfilled 
by the supply from PT.X mill.

The amount of self-consumption for scenario I is 263.383 kWh/month for PT.X mill and employee 
housing. So the amount of energy that can be sold is only 741.593 kWh/month. In scenario II, all 
of the energy produced will be sold to off-taker.

Table 4. Energy Production of PT.X

Scenario Energy Produced 
(kWh/month)

Energy Sold (kWh/
month) Fuel Price (Rp/kg)

IA 977.976 741.593  Rp 0   
IB 977.976 741.593  Rp 400,00 
IIA 977.976 977.976  Rp 0   
IIB 977.976 977.976  Rp 400,00 

From literature study, the total investment cost of Biomass Power plant is Rp 46.780.000.000,00. 
The cost can be broken down into several items:

 - Feasibility study & planning : Rp 30.000.000,00
 - Engineering  : Rp 935.000.000,00
 - Equipment & Material : Rp 39.950.000.000,00
 - Civil works   : Rp 2.295.000.000,00
 - Buildings   : Rp 1.275.000.000,00
 - Contingency  : Rp 2.295.000.000,00

Meanwhile, the operational cost can be divided into three components:

 - Salary and Labour   : Rp 548.049,25/kW
 - Operation & Maintenance  : Rp 480.421,99/kW
 - Variable Cost   : Rp 29,76/kWh
 -

Fuel price is unfortunately very speculative as there is no market for POM solid waste in Berau at 
the moment. Authors use literature study and peer interview to approximate the price of fuel. All 
of the economic feasibility parameter is tabulated in the table below.
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Table 5. Economy Analysis for Energy Production of PT.X

Scenario NPV (in million rupiahs) IRR (%) PBP (year) Production Cost (Rp/
kWh)

IA  Rp                                   27.662,86 13% 7,21 Rp                    785,62
IB -Rp                                       22.536,70 -1% 22,13 Rp                    1.158,56
IIA  Rp                                       65.078,72 20% 4,80 Rp                        785,62
IIB  Rp                                       14.879,16 10% 8,70 Rp                    1.158,56

From the table, we can conclude that the most feasible scenario is scenario IIA where NPV can 
reach RP 65.078.720.000, IRR 20% and payback period of 4,8 years. Scenario IA and IIB can 
also be considered feasible as all of the economic parameters fulfill the requirement of a profitable 
project. The only scenario that is considered not feasible is scenario IB. 

It is reasonable that scenario IIA is the most feasible option, because it utilizes full capacity of 
the plant, whereas scenario IB only utilizes a portion of it. So the revenue generated is lower 
compared to the investment cost and subsequent operating and maintenance cost. In addition, 
scenario IB also has to add cost of fuel purchase that further hamper its feasibility.

In terms of production cost, scenario I have a significantly lower production cost than scenario II. 
This emphasizes the significance of fuel cost in the production cycle. Scenario I have a production 
cost of Rp 785,62 while scenario II is Rp 1.158,56. Only scenario I have a production cost that is 
lower than the feed-in tariff.

7.4. PT. Y Biogas Power plant
While PT.X power plant serve as an example for assessing the biomass power plant, PT.Y having 
operated biogas power plant will be the ground for assessing the possibility of village-owned 
biogas power plant.

From earlier material balance analysis, we know that PT.Y mill can produce up to 11.913 m3 of 
POME every month.

 - Installed Capacity : 1000 kW
 - Capacity Factor : 85%
 - Parasitic Load : 6%
 - POME/Biogas Ratio: 30,73
 - Fuel Consumption : 0,9 m3/kWh

For this analysis, it is assumed that the plant works on full operating capacity which is 1.000 kW. 
Energy generated from this capacity is 575.280 kWh/month. By calculating the fuel consumed for 
each kWh, it turns out that the amount of fuel needed is 11.232,28 m3 of POME. This demand can 
be fulfilled by the supply from PT.Y mill.

The amount of self-consumption for scenario I is 285.660 kWh/month for PT.Y mill and employee 
housing. So the amount of energy that can be sold is only 289.620 kWh/month. In scenario II, all 
of the energy produced will be sold to off-taker.
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Table 6. Energy Production of PT.Y

Scenario Energy Produced 
(kWh/month)

Energy Sold (kWh/
month) Fuel Price (Rp/m3)

IA 575.280 289.620  Rp                            -   
IB 575.280 289.620  Rp                   200,00 
IIA 575.280 575.280  Rp                            -   
IIB 575.280 575.280  Rp                   200,00 

Total investment cost of biogas plant is lower than biomass plant. For 1 MW of capacity, biogas 
plant cost about Rp 41.530.000.000,00 that can be broken down into components:

 - Feasibility study & planning : Rp 30.000.000,00
 - Engineering  : Rp 3.000.000.000,00
 - Equipment & Material  : Rp 25.000.000.000,00
 - Civil works   : Rp 3.000.000.000,00
 - Buildings   : Rp 6.750.000.000,00
 - Contingency  : Rp 3.750.000.000,00

Operational Cost:

 - Salary and Labour  : Rp 548.049,25/kW
 - Operation & Maintenance : Rp 1.250.000,00/kW
 - Variable Cost  : Rp 55,34/kWh

In the same case with biomass fuel, biogas fuel (i.e. POME) is not readily available in Berau 
market nor in any market that the authors have researched. So, the authors have to speculate by 
approximating a possible price for POME.

In the case of biogas power plant, the feasible scenarios are scenario IIA and IIB. But, between 
scenario IIA and IIB, the difference on profitability is not high. This is because the low cost of fuel 
as POME is considered very efficient on producing biogas.

Scenario IA and IB do not comply with the feasibility requirement as their NPV and IRR are 
negative. This is due to too much of the energy generated is used for self-consumption within the 
palm plantation area.

Table 7. Economy Analysis for Energy Production of PT.Y

Scenario NPV (in million rupiahs) IRR (%) PBP (year) Production Cost (Rp/
kWh)

IA -Rp 30.884,96 -7% 44,75  Rp 1.224,56 
IB -Rp 31.194,16 -7% 46,09  Rp 1.228,46 
IIA  Rp 14.330,70 10% 8,53  Rp 1.224,56 
IIB  Rp 14.021,50 10% 8,57  Rp 1.228,46 
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It should be noted that the production cost per kWh of all scenario is still higher than the feed-in 
tariff of electricity, even for scenario II. The lowest production cost is Rp 1.224,56 while the highest 
is Rp 1.228,46.

7.5. Economical Feasibility of  Village-Owned Biomass/Biogas Power plant
From economical point of view, Biomass/Biogas Power plant fuelled by palm oil industry waste 
need a considerable amount of capital investment. In our case study in PT.X that utilize solid 
waste of palm tree and PT.Y that uses POME,  needs about Rp 46.780.000.000,00 and Rp 
41.530.000.000,00 of capital investment respectively.

Compared to the financial ability of villages in Berau as shown in table. On average, each village 
in Berau have a budget of Rp. 2.914.733.333,33 per year that it can spend on various activity. One 
of the activity is infrastructure development, such as electricity generation plant and distribution.

Even if the village decided to spend all of their budgets on building the biomass/biogas power 
plant, it needs up to 14 to 16 villages to pool their budget build one, which is an unlikely scenario. 
External financing would be difficult to get, as village did not have enough collateral to propose 
funding from banks or other financial bodies.

Table 8. Village Financial Allocation

No Item
Village Name

Merancang Ilir Punan Malinau Tabalar Muara

1 Village Allocation 
Fund  Rp 2.086.263.000  Rp  2.036.459.000,00  Rp  2.000.258.000,00 

2 Village Fund from 
State Budget  Rp 816.322.000  Rp 823.955.000,00  Rp 801.559.000,00 

3 Taxes  Rp 41.668.000  Rp 37.875.000,00  Rp 38.551.000,00 

4 Regional 
Government Aid  Rp 15.000.000  Rp 15.000.000,00  Rp 15.000.000,00 

5 Additional Funding  Rp 92.845.914  Rp 291.691.692,00  Rp 51.044.300,00 

 Total Income  Rp 2.959.253.000  Rp 2.919.479.000,00  Rp 2.865.588.000,00 

8. Conclusion and Recommendations

8.1. Conclusion
1. Current operation of PT. X biomass plant and PT.Y biogas plant still have enough 

surpluses of biomass/biogas fuel to expand its electricity generation.
2. For both biomass and biogas plant, the most feasible and profitable scenario is IIA, 

where the power plant is built within a Palm Oil Mill so that there would be no added 
fuel cost.

a. In case of biomass power plant, the NPV can reach Rp 65.072.788.846,18; 
IRR of 20%, with payback period of 4,8 years.

b. In case of biogas power plant, the NPV can reach Rp 14.330.703.764,86; IRR 
of 10%, and payback period of 8,5 years.

3. In terms of production cost, only biomass power plant that can achieve production 
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cost lower than the feed-in tariffs of Rp 1.150/kWh. The biomass power plant from 
scenario I have a nominal production cost of Rp 785,62/kWh, while biogas power 
plant production cost reaches Rp 1224,56/kWh.

4. Village-owned biomass/biogas plant that utilizes Palm Oil Mill wastes is not possible 
due to several points :

a. Operating a biomass/biogas power plant needs a group of skilled and 
experienced workers

b. Village does not have a financial capacity to construct a biomass/biogas 
power plant

8.2. Recommendations
1. Private enterprise should be encouraged to invest in biomass/biogas power plant and 

sign a Power Purchase Agreement with PLN rather than Excess Power Agreement.
2. The government can attract more investment from the private sector by increasing 

the feed-in tariff.
3. Further studies should be conducted on other types of renewable energy power plant 

that can realistically be built in the rural area and operated by local people.
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Abstract. Realizing the President Joko Widodo credential that the Annual State Budget 
is the last funding wellspring of the infrastructure project, PLN has to find a strategic path 
to implement 35,000 MW program. This program has used private funding through the 
Independent Power Producers mechanism, but there is another funding element that hasn’t 
been used from New and Renewable Energy (EBT), namely Photo Voltaic Solar Rooftop 
from customers through PLN Subsidiary. The business mechanisms could be implemented 
with cash purchase, installment, lease and power purchase agreement of 4.4 kWp Solar PV 
installations with Four PLN’s tariff class. In this paper, we use Break Even Point, Internal Rate 
of Return, Gross Profit Margin, and Net Profit Margin to analyze the business process. If the 
government as the shareholder of PLN approves this business model, PLN has the potential 
to overcome the plague of the newly born Solar PV developers that can erode PLN’s net 
income and can increase revenue around Rp 492 trillion in 30 years. 
Keywords: Solar PV Rooftop, PLN, tariff, customer, 35,000 MW.

1. Introduction: No Driving Force for Solar PV Rooftop in Indonesia 
Indonesia is a tropical country with enormous potential solar energy due to its crossing equatorial 
region, with radiation of 4.80 kWh / m2 / day. Unlike the case with subtropical climate, the sun 
that shines throughout the year in tropical climate countries like Indonesia is very potential to be 
used as a source of energy in power plants. When viewed from its energy potential, solar energy 
has the greatest potential compared to other energy to be utilized. But until now, the utilization of 
solar energy for electric power can also be categorized still very small, i.e. by 0.04%. In 2016, the 
electricity production of PT PLN (Persero) from solar energy is 5.28 GWh.

Under the General Plan of National Energy (RUEN), PLN is mandated to develop installed 
capacity for new and renewable energy sources. By 2025, the construction of solar power plants 
is expected to be 8,180 times greater than PLN’s installed capacity by 2015. In addition to efforts 
to increase revenue, it also encourages an increase in 25% renewable energy mix by 2025. The 
development of Solar Power Plant is expected to be massively implemented until 2025, but there 
are various obstacles such as: (a) pricing policy is not maximized; (b) regulations that hard to 
attract investment; (c) the absence of incentives for the utilization of Solar Cell Power Plant; (d) 
unclear subsidies on the buyer side (off-taker); (e) insufficient availability of financing instruments 
appropriate to the investment needs; (f) complicated and time-consuming licensing process, and 
(g) land and spatial issues. 

The high cost of investment solar PV installation and old behavior due to lack of competence 
of customers make Solar PV Rooftop business running in place. In fact, PLN has issued a 
Regulation of Directors of PT PLN (Persero) No.0733.K.DIR/2013 on the Utilization of Energy 
from Photovoltaics by Customers and Circular Letter of the Board of Directors of PT PLN (Persero) 
No. 0009.E/DIR/2014 on Customer’s Integrated Photovoltaic Integrated Provisions in PT PLN 
(Persero) Power System Area. Therefore, there needs to be a significant breakthrough because 
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Solar PV Rooftop has a huge business potential financially. Therefore, PLN needs to have a new 
subsidiary engaged in the business of providing Rooftop PV Solar which will be the driving force. 
PLN Solar PV Subsidiary Company should be engaged in sales and rental services for Photo 
Voltaic Solar Rooftop installation.

2. Photovoltaic Technologies
Solar PV Rooftop is an electrical system sourced from solar energy that comes from solar panels 
on the roof of the building structure of the household and business customers. Principles of Solar 
PV Rooftop work are as follows: (1) Sunlight absorbed PV Panels and made Direct Current (DC) 
electric current; (2) DC electricity is then converted into Alternative Current (AC) using grid-tied 
inverter; (3) AC goes into the main electrical panel. Electricity can then be used for the loading of 
electronic furniture and some electricity is routed to net metering; (4). Net Metering calculates net 
consumption of electricity consumption. If there is a surplus of energy generated by the Solar PV 
Rooftop system, then kWh will be sent to the utility company’s network.

Figure 1. How Solar PV Rooftop Work On-Grid System

In the early stages of operational implementation of business ideas, the authors do not recommend 
to use the battery because it will cause high cost. Therefore, the Solar PV Rooftop system can 
operate on the sunshine only. While at night, Solar PV Rooftop does not produce kWh, so 
customers use PLN’s electricity supply.

3. Business Model 
On the aspect of business model thinking basis, the author recommends PLN Solar PV Rooftop 
Subsidiary Company to become 3rd Party System Owner. Although the company’s revenue will be 
consolidated into holding, PLN Solar PV Rooftop Subsidiary Company is legal entity separate from 
PLN. This will provide the freedom for PLN Solar PV Rooftop Subsidiary Company in running the 
business model. PLN Solar PV Rooftop Subsidiary Company will partner directly with suppliers 
such as manufacturers, distributors, and service providers in the field of operation, maintenance, 
and monitoring of the Rooftop Solar PV installation. 
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Figure 2. PLN Solar PV Rooftop Subsidiary Company Business Model

PLN Solar PV Rooftop Subsidiary Company also needs to establish relationships with regulators 
such as the Ministry of Energy and Mineral Resources for clarity of business rules and the Ministry 
of Finance for tax incentives and state equity participation. Furthermore, PLN Solar PV Rooftop 
Subsidiary Company’s partnership with PLN’s holding in business to business is recorded on 
interconnection net Metering at kWh Export-Import customers. At the end of the current year, 
PLN Solar PV Rooftop Subsidiary Company will distribute the dividend to PLN as a shareholder.

Table 1. PLN Solar PV Rooftop Subsidiary Company ‘s Operational Projection with Customer 

Definition Cash 
Purchase Cash Installment Power Purchase 

Agreement Lease

Operational Projection

Solar PV Rooftop Capacity 4,4 kWp

Projection of kWh Production per Year 6.969 kWh

Customer R1 - 2.200 VA, R2 - 3.500 VA, R3 - 6.600 VA above, and B2 - 6.600 VA -200kVA

Monitoring with PLN Solar PV Rooftop 
Subsidiary Company Application Yes Yes Yes Yes

Roof and System Warranty Yes Yes Yes Yes

Production Guarantee No No No Yes (5.800 kWh 
per Year)

Payments in Advance All Payments 
in Advance

By the Loan 
Mechanism Rp 0,- Rp 0,-

Ownership Customer Customer PLN Solar PV Rooftop 
Subsidiary Company

PLN Solar PV 
Rooftop Subsidiary 

Company

PLN Solar PV Rooftop Subsidiary Company will be driving force for Solar PV Rooftop business 
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to increase PLN revenue. PLN Solar PV Rooftop Subsidiary Company will engage in sales and 
installation services, as well as rental of Photo Voltaic Solar Rooftop installation to 4 customer 
groups, namely R1 - 2,200 VA, R2 - 3,500 VA, and B2 - 6,600 VA -200kVA with PV capacity per 
customer of 4.4 kWp. If previous customers of PLN can only have Solar PV Rooftop with cash 
purchase only, now customers can have Solar PV Rooftop by cash installment, installation lease, 
and Power Purchase Agreement (PPA) with Rooftop Solar PV installation warranty.

Figure 3. Monthly Electricity Bill Comparison Before and After Use of Solar PV Rooftop 

The target of Solar PV Rooftop customers at the beginning of the establishment of PLN Solar PV 
Rooftop Subsidiary Company is the household and business customers. For Solar PV Rooftop 
users, monthly electricity payments will be paid to PLN Solar PV Rooftop Subsidiary Company 
and PLN. In total calculations, customers will get cheaper monthly electricity billing charges than 
non-Solar PV Rooftop electricity customers in the same tariff group.

4. Measure Business Operations for Luminous Energy
There are five steps that need to be done for the sale of Solar PV Rooftop continues to grow 
in Indonesia. Door-to-Door and Call Center sales are a method of selling conventional power.                               
Division of Commerce PLN Solar PV Rooftop Subsidiary Company need to use the method of 
selling supermarket chain store building and sales method partnership with the developer. 

  

Figure 4. Sales Aspects of PLN Solar PV Rooftop Subsidiary Company

The method of supermarket chain of building stores is by cooperating with Ace Hardware, Informa, 
JYSK, Depo Bangunan, and others so that PLN Solar PV Rooftop Subsidiary Company products 
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can be known by the community. Meanwhile, developer partnership products are by installing 
Solar PV Rooftop on new housing units before those are purchased by customers. Installation of 
Rooftop Solar PV on new homes is obviously beneficial to developers as it will increase the home 
sale value. PLN Solar PV Rooftop Subsidiary Company needs to negotiate with major developers 
such as Ciputra, Agung Podomoro, Summarecon, and other developers. Also, PLN Solar PV 
Rooftop Subsidiary Company can also take advantage of the continuity of government programs 
to market products, namely Million House Program that carried the Ministry of Public Works and 
Public Housing.

At least, there are three main components to operate Solar PV Rooftop, solar panels, and AC to 
DC inverters that can support in collaboration with producers, importers and distributors of Solar 
PV Rooftop in Indonesia. Purchasing cooperation contracts need to be made on a long-term 
basis and PLN Solar PV Rooftop Subsidiary Company will purchase spare parts as required 
from suppliers at current prices in accordance with purchase orders under the master contract. 
Furthermore, funding aspect also plays an important role in making this business scheme work.

If the above explanation is more focused on sales and financial sector, then we also need to 
pay attention to the operational sector in the form of information technology and customer 
service installation. Information Technology is a lubricant for upstream process to downstream 
customer service running Optimally. At the very least, this business implementation requires 
several applications to: (1) Monitor the work of the Rooftop Solar PV system to customers; (2) 
Record sales database of PLN Solar PV Rooftop Subsidiary Company; (3) Arranging scheduling, 
budgeting, inventory management, and project management for installation and maintenance of 
Photo Voltaic installation; and (4) Collect information in its work on the customer’s premises site 
for initial installation and maintenance. Furthermore, customer service process is done by using 
call center with sales consultation begins until finally commissioning stage and operation.

 

Figure 5. Solar Cell Photovoltaic Rooftop Installation Flow

5. Slow-But-Sure But Shining Business
Many people think that the Rooftop Solar PV business system will grow rapidly and can give a really 
impressive impact for PLN’s Revenue, but the author analyzes with 11.05% of PLN customers 
for 30 years Then the return on investment and profit projection is slow. When referring to the 
analysis framework of Boston Consulting Growth Matrix, this business is cash cows because it 
has the nature of High Market Share and Low Market Growth. High Market Share Potential is 
formed because Company PLN Solar PV Rooftop Subsidiary Company can take market PLN 
electricity customer as holding and Low Market Growth due to slow return of profit and cheap 
electricity tariff cost resulting in electricity per kWh from Solar PV Rooftop must be cheaper than 
PLN electricity tariff which is supplied of thermal energy generation, otherwise this business is not 
at all competitive and growing.
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Table 4. Projected Financial Benefits of Solar PV Rooftop Installation

Definition Cash 
Purchase Cash Installment Power Purchase 

Agreement Lease

Payment Term Fully Paid Depends on Down 
Payment 30 Year 30 Year

Monthly Payments No Monthly 
Fee

2 Year Installment 
with Interest 6.68% 

(Non-Mortgage Con-
sumption)

Fluctuate Based 
on PV Reception 
with Rp 1.150, - 

Per kWh

Flat with PV 
installation 

rental rate Of 
Rp 709.000, -

Total Cost of Rooftop PV 
Solar Installation

Rp 159 
million

Rp 181 million                
(Rp 159 million to 

PLN Solar PV Rooftop 
Subsidiary Company &                       
Rp 22 million to Bank)

- -

Assumption of Potential Cus-
tomer Benefit during 30 years 
of operation (After deducting 
capital)

Rp 100,36 
million Rp 78 million Rp 51,48 million Rp 55,2 million

Total Production Cost Rp 90 million

Consumer Sales Price Rp 159 
million Rp 159 million - -

PLN Solar PV Rooftop 
Subsidiary Company’s 
potential revenue assumption 
for 30 years per Customer

- - Rp 203,27 million Rp 255,24 
million

Assuming Potential Gross 
Profit of PLN Solar PV 
Rooftop Subsidiary Company 
for 30 years per Customer 
(Revenue minus Cost of 
Production)

Rp 69 million Rp 69 million Rp 113,27 million 165,24 million

Monthly Usage of Rooftop Solar PV (House with Electric Consumption 1.158 kWh Per Month)

Before Using Solar PV Rooftop

Monthly Payments Rp 1.699.110,-

After Using Solar PV Rooftop 

Production Capability of PLN 
Solar PV Rooftop Subsidiary 
Company Rooftop PV Solar in 
1 Month

 491 kWh Production 
Guarantee

Pay to PT PLN (Persero) Rp 978.675,-

Pay to PLN Solar PV Rooftop 
Subsidiary Company Rp - - Rp 564.650,- Rp 709.000,-

Monthly Customer Payments Rp 978.675,- Rp 978.675,- Rp 1.543.325,- Rp 1.687.675,-

Savings of Electricity Pay-
ments perceived by Customer 
customers

(42%) (42%) (9,17%) (0,006%)

* The calculation of this Business Scheme Analysis uses February Electricity Tariff in February & 
March 2017 of Rp 1,467.28 per kWh for R-1, R2, R-3, and B-2 tariff groups.
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For Solar PV Rooftop can flourish, Public needs to be provided options. If the cash purchase 
cannot be pursued by the customer, the customer can own the Rooftop Solar PV by way of cash 
installment by cooperating with the Bank through Non-Mortgage consumption credit. If customers 
do not have the capital, customers can still feel the electricity from the sun’s energy source by 
providing their land or roof from the power purchase agreement scheme and installation lease 
where the installation belongs to PLN Solar PV Rooftop Subsidiary Company.

Table 5. Number of Solar Cell Photovoltaic Rooftop Customers Projection by Group

Customer 
Groups

Number of 
Customers

Potential 
Customer 
Projection

Cash Pur-
chase 

Customer 
Projection

(15% Potential 
Customers)

Cash Install-
ment Custom-
er Projection  

(21% Potential 
Customers)

Power Pur-
chase Agree-
ment Custom-
er Projection              

(29% Potential 
Customers)

Lease 
Customer 
Projection

(35% 
Potential 
Custom-

ers)

R1 -  2.200 
VA 58.080.605

6.245.721 
(10,7% Total 
Customers)

936.858 1.311.601 1.811.259 2.186.002

R2 - 3.500 
VA 929.348

253.441

(27,27% Total 
Customers)

38.016 53.223 73.498 88.704

R3 - 6.600 
VA ke atas 199.357

28.341

(14,21% Total 
Customers)

4.251 5.952 8.219 9.919

B2 - 6.600 
VA -200kVA 528.192

72.453 
(13,72% Total 
Customers)

10.868 15.215 21.011 25.359

Total Revenue = (Total Revenue R1 - 1,300 VA & 2,200 VA) + (Total Revenue R2 - 3,500 VA) + 
(Total Revenue R3 - 6,600 VA and above) + (Total Revenue B2 - 6,600 VA -200kVA).

Author analysis for 30 years operating PLN Solar PV Rooftop Subsidiary Company will get 
accumulated revenue of Rp 492.21 trillion and accumulated expenses of Rp 415.94 trillion. The 
business calculation is done by increasing the rate by 2.9% for the installation lease scheme and 
power purchase agreement and reducing the cost of installation of Photovoltaic Solar Rooftop by 
5% per year. PT PLN (Persero) can earn the income if it can get 10.7% Total Customer R1 - 2,200 
VA, 27.27% Total Customer R2 - 3,500 VA, and 13.72% Total Customer B2 - 6,600 VA -200kVA.

The implementation of the tariff determination of the power purchase agreement and the 
installation lease has implications for determining the allocation of investment, and how much 
efficiency should be done for the operation and maintenance cost each year with adjustments to 
the discount rate and economic Life of the system.
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LCOE = Average lifetime cost of electricity generation
It               = Investment expenditures in the year t;
Ft         = Fuel expenditures in the year t;
Et         = electricity generation in the year t;
r            = discount rate;
n           = economic life of the system.

Profit and Loss Projection

The profit and loss analysis of the implementation of this renewable energy investment is based 
on a real-life scenario with benchmarking of similar enterprise business practices in developed 
countries. This company operationalization has variable cost which is dominant in the form of PV 
Rooftop Set Installation Scheme Set PPA Scheme and installation rent which amount depends on 
increasing number of Solar PV Rooftop users. This calculation is based on the increase of tariff at 
2.9% each year and decrease of production cost on PV installations at 5% each year.
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Table 6. Accumulated Profit and Loss Projection of PLN Solar PV Rooftop Subsidiary Company 
for 30 Years

*In Millions Rupiah

REVENUE                   492,206,005 
Revenue from Cash Purchase Scheme                 29,046,395 

Revenue from Cash Installment Scheme                 40,664,976 

Revenue from PPA               230,501,454 

Revenue from Lease               312,402,236 

COST                   415,944,616 
VARIABEL COST               358,608,195 

Accumulation Cost for PPA Scheme               172,258,830 

Accumulation Cost for Lease Scheme               207,898,560 

FIX COST                 57,336,421 

Purchase of Head Office Expense                         20,000 

Branch Lease Expense                   1,224,000 

Permit Expense                              100 

Electricity & Water Expense                   1,103,220 

Telecommunication and Internet Expense                      491,400 

Office Supplies Expense                      491,040 

Salary, Benefit, and Bonus Expense                 39,510,000 

Transportation Expense                      200,000 

Depreciation Expense                         16,368 

Loan Expense                         39,343 

Information System Expense                    400,000 

Research & Development Expense                    200,000 

Maintenance Expense               13,199,910 

Other Expense                    150,000 

GROSS PROFIT               76,261,389 

(LOSS) / BENEFITS OF FOREIGN CURRENCY 
EXCHANGE                 1,425,298 

PROFITS / LOSS BEFORE TAXES               77,686,687 

TAXES               19,421,672 

NET INCOME (FOR 30 YEARS)               58,265,015 
NET INCOME (ESTIMATE PER YEAR) 1,942,167
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Financial Projection Analysis

*In Millions Rupiah

Figure 6. Break Even Point Projection PLN Solar PV Rooftop Subsidiary Company
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Financial Ratios

Table 8. IRR Projection of PLN Solar PV Rooftop Subsidiary Company for 30 Years

*In Millions Rupiah

YEAR PROFIT PRESENT VALUE

1 (Rp43,997,013.46) (Rp43,336,825.31)

2 (Rp24,938,087.95) (Rp24,195,296.27)

3 (Rp27,479,093.69) (Rp26,260,566.64)

4 (Rp17,700,021.51) (Rp16,661,318.96)

5 (Rp24,671,798.21) (Rp22,875,483.63)

6 (Rp13,599,940.30) (Rp12,420,537.15)

7 (Rp4,327,250.02) (Rp3,892,684.99)

8 (Rp20,809,385.34) (Rp18,438,705.19)

9 (Rp14,694,401.83) (Rp12,824,988.25)

10 (Rp21,053,793.22) (Rp18,099,614.02)

11 (Rp8,330,300.93) (Rp7,053,969.00)

12 (Rp5,373,090.67) (Rp4,481,577.61)

13 (Rp803,489.84) (Rp660,117.19)

14 (Rp5,598.29) (Rp4,530.33)

15 Rp8,352,426.13 Rp6,657,651.90

16 Rp7,021,326.93 Rp5,512,664.12

17 Rp9,189,065.34 Rp7,106,366.02

18 Rp8,911,481.24 Rp6,788,284.35

19 Rp12,141,583.47 Rp9,110,020.51

20 Rp18,238,302.27 Rp13,479,144.53

21 Rp16,831,470.80 Rp12,252,758.81

22 Rp19,628,198.73 Rp14,074,279.11

23 Rp22,404,830.11 Rp15,824,181.81

24 Rp21,737,932.06 Rp15,122,783.40

25 Rp23,589,788.66 Rp16,164,841.51

26 Rp27,120,269.79 Rp18,305,234.74

27 Rp27,475,715.32 Rp18,266,872.64

28 Rp28,651,820.53 Rp18,762,958.21

29 Rp27,160,240.38 Rp17,519,293.74

30 Rp25,590,202.48 Rp16,258,879.16

Rp0.00

IRR = 1,5233883564%
        = 1,52%.



86 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Net Present Value (Rumus Excel) 

= Present Value Year-1 + NPV (IRR, Profit Year-2 : Profit Year-30) 

= Rp 660.188,15 Million

= Rp 660,19 Billion

Gross Profit Margin

Accumulated Gross Profit for 30 years     =  Rp 76.261.388    =  0,15 %
Accumulated Revenue for 30 years              Rp 492.206.005

Net Profit Margin

Accumulated Net Income for 30 years      =   Rp     58.265.015    =  0,12% 
Accumulated Revenue for 30 years                Rp    492.206.005

It can be concluded that the actual IRR generated from PLN Solar PV Rooftop Subsidiary 
Company (1.52%) is lower than the IRR of the Average Interest Rate of Bank Indonesia of 4.25% 
(October 2017). Furthermore, The Net Present Value is Rp 660,19 Billion. The business scheme 
of PLN Solar PV Rooftop Subsidiary Company which focuses more on the business of Rooftop 
Solar PV installation leasing business based on installation lease and power purchase agreement 
per month with competitive tariff with PLN tariff resulted in slow business profit return. If we 
remember again that the purpose of this Renewable Energy investment is not just to seek profit 
but to increase the utilization of solar energy sources for electric power installations, so the actual 
IRR of 1.52% should not be an obstacle to not initiate this project.

Speaking on the comparison of gross profit margin (0.15) and net profit margin (0.12%) indicates 
that PLN Solar PV Rooftop Subsidiary Company not only plays a role in increasing installed 
capacity of power generation and production from solar energy but also has the role of filling the 
state treasury in the form of tax. Indirectly, this business will encourage the public unconsciously 
to become an investor for the development of electricity infrastructure in Indonesia, which by and 
with the mandate of the General Plan of Electricity Supply (RUPTL) PT PLN (Persero) 2016-2025. 
At that point, PLN must seek to seek to fund  from a third party Non-Independent Power Producer 
(IPP) in the construction of electricity installations that will not burden PLN’s long-term finance.

6. Conclusion
The conclusion of this paper emphasizes that the operation of Solar PV Rooftop operator business 
in Indonesia will run slowly but surely in making a profit. This business is cash cows because it 
has the nature of High Market Share and Low Market Growth. Financial analysis where IRR 
is only 1.52% and NPV Rp 660,19 Billion, the gross profit margin of 0.15 and net profit margin 
of 0.12% indicates that the government’s intention in supporting the operation of this business 
is not solely for profit, but more oriented on the commitment to provide cheap electricity with 
very environmentally friendly resources. Of course, the operation of this company will help PLN 
in increasing electricity production with the source of funds from the community that does not 
burden the company’s cash.
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Abstract. In the past century, fossil fuels have dominated energy supply in Indonesia. 
However, concerns over emissions are likely to change the future energy supply. As people 
become more conscious of environmental issues, alternatives for energy are sought to 
reduce the environmental impacts. These include renewable energy (RE) sources such as 
solar photovoltaic (PV) systems. However, most RE sources like solar PV are not available 
continuously since they depend on weather conditions, in addition to geographical location. 
Bali has a stable and long sunny day with 12 hours of daylight throughout the year and an 
average insolation of 5.3 kWh/m2 per day. This study looks at the potential for on-grid solar PV 
to decarbonize energy in Bali. A site selection methodology using GIS is applied to measure 
solar PV potential. Firstly, the study investigates the boundaries related to environmental 
acceptability and economic objectives for land use in Bali. Secondly, the potential of solar 
energy is estimated by defining the suitable areas, given the technical assumptions of solar 
PV. Finally, the study extends the analysis to calculate the reduction in emissions when the 
calculated potential is installed. Some technical factors, such as tilting solar, and intermittency 
throughout the day, are outside the scope of this study. Based on this model, Bali has an 
annual electricity potential for 32-53 TWh from solar PV using amorphous thin-film silicon as 
the cheapest option. This potential amount to three times the electricity supply for the island 
in 2024 which is estimated at 10 TWh. Bali has an excessive potential to support its own 
electricity demand with renewables, however, some limitations exist with some trade-offs to 
realize the idea. These results aim to build a developmental vision of solar PV systems in Bali 
based on available land and the region’s irradiation.

1. Introduction
The need for decarbonization has been widely acknowledged to resolve externalities. Rectification 
of COP 21 target to limit global warming below 2oC triggers tougher policies, hence oil and gas 
sector will stretch. The president of Indonesia announced a commitment under the National 
Determined Contribution during COP 21 in Paris, to reduce emissions by 29% in 2030. Indonesia 
also committed to reducing emissions further by 41% subject to international support. The 
government has set up a National Development Plan (NDP) to support these initiatives. The 
NDP includes a policy to increase the contribution of renewables in the Indonesian energy mix 
by 23% in 2025, and 31% in 2050. To achieve this, Bali has been appointed as the center of 
clean energy for Indonesia due to its size, location, people’s commitment, and potential for RE 
plants. The government has created a roadmap for Bali up to 2018 which includes conversion 
of diesel or coal, development of RE and raising awareness, and also the creation of a research 
center for clean energy (Sabandar, 2015). However, challenges such as lack of available data, 
limited tender preparation time, grid interconnection, and proper site selection have hampered the 
development (Tharakan, 2015).

There are many ways to decarbonize electricity, primarily through a switch to lower carbon 
sources including RE (Bauen, 2006). Solar PV is the RE source which has the highest potential in 
Indonesia, particularly in the eastern part of the country, including Bali (IRENA, 2017). There are 
three ways in which Solar PV may be significantly utilized: in an off-grid setting in remote areas, 
in utility-scale plants and on both commercial and residential rooftops. PLN has identified five 
potential solar power plants with 296 MW capacity in Bali and would like to scale-up solar capacity 
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before 2020 to displace diesel power in Indonesia (Tharakan, 2015). Regarding Bali’s potential, 
solar plays a prominent role in providing clean energy. Research shows that Bali’s radiation is 
relatively high with a monthly average of 5.46 kWh/m2 (Rumbayan, Abudureyimu, & Nagasaka, 
2012). There is an excellent opportunity to install solar PV especially in Bali due to the available 
space, the need for power, and the good infrastructure (IRENA, 2017). Such potential creates 
opportunities to replace current diesel-fired or steam generation supply, and this could contribute 
to significant cuts in GHG emissions (Brown, 2003).

Bali is an island which lies within the Indonesia archipelago and internationally known as a tourism 
destination. Tourism generates around 67% of Bali’s regional GDP, and 70% of the people are 
dependent directly or indirectly on the industry (Asian Development Bank, 2013). The tourism 
industry has significantly been supporting economic growth and business in Bali. Indonesian 
state-owned electricity company (PLN) forecasts that demand will increase by 8% to 9.6% per 
year from 2015-2024. This implies a consumption of more than 10 TWh by 2024. Currently, this 
demand is supplied by Bali’s production of 0.31 GWh from diesel and solar power plants, and a 
total import of 4,593 GWh from Java Island which mainly generated by steam or diesel plants. 
Due to this extensive use of fossil fuels, Bali emitted 12.68 tCO2e/capita in 2010 (WRI, 2016). 
Bali was the top 10 emitting provinces in Indonesia. This number is even higher than the average 
global emissions of 5 tCO2e/capita (World Bank, 2013). Waste and electricity are the major 
drivers for Bali’s emissions. These emissions impact the seasonal patterns of Indonesia’s climate 
with heavier rainfalls during the wet season and extreme dryness during the dry season. These 
conditions are expected to affect Bali’s population which is located along the coastline. They 
will suffer from extreme rainfall and flood when sea levels rise. Studies have shown that a 10% 
intensification combined with a one-meter sea level rise could affect 14,400 km2 of coastal land 
(Asian Development Bank, 2016). 

This study aims to assess the potential of solar PV to decarbonize energy in Bali. This is important 
as RE is a relatively new option for Indonesia, and hence, research about RE is limited. This 
study focuses on the assessment of solar PV potential in Bali using a spatial modelling approach 
with GIS. Solar PV will be assumed to decrease emissions when the available potential replaces 
current fossil-fueled generator supply. Presently, Bali does not have a full picture of its RE 
potential, particularly in the case of solar PV. As a center for clean technology in Indonesia, it is 
important for Bali to take notable steps towards energy decarbonization using RE technologies 
such as solar PV.

2. Methods
This research assessed the potential of solar PV in Bali based on land suitability using GIS 
software and analyzed the environmental as well as the economic impact from the deployment of 
solar PV in four scenarios: BAU, penetration of solar (min), aggressive penetration of solar (max), 
and rooftop solar PV. The current research focuses on grid-connected PV potential based on land 
availability.

2.1. Site Selection Criteria
Decision criteria to select suitable sites consist of restrictions and factors related to environmental 
and economic objectives. Restrictions are defined to eliminate areas where solar PV is not suitable. 
Factors are defined to include areas where solar PV is preferable or suitable. Restrictions and 
factors will be expressed in GIS using layers as defined by current legislation, which includes 
residential, agriculture, lakes, etc. This study aims at assessing the potential of solar PV for grid-
connected sites, which meet the restriction and factor requirements. Figure 1 describes how the 
decision model was established.
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Figure 1. Elaboration of the Decision Model.

Decision criteria help to select appropriate locations for PV panels spatially. A literature review 
was conducted to define the decision criteria to be adopted.

Environmental Objectives (Envi)

1. Constructions are allowed on forest areas if the activities are highly important for 
public interest  (Aydin, Kentel, & Sebnem Duzgun, 2013).
Bali is surrounded by mountainous forest area, which accounts for 23.18% of the 
total area. Forests in Bali help to avoid erosion and flood. Construction of solar PV 
systems on forest area is still considerable subject to government review. 

2. Development on agricultural land is allowed for an approved purpose, while 
conservation, tourism, and protected areas must be preserved (Aydin et al., 2013).
Local regulations prohibit the conversion of irrigated rice fields. Regulations on 
sustainable food cultivation indicate that at least 90% of the area of cropland that 
exists beyond required land for food, should be devoted to public facilities (Provincial 
Government of Bali, 2015). Therefore, review and approval should be obtained 
before land development.

3. A minimum 2.5 km buffer zone from lakes and wetlands (Aydin et al., 2013).
Bali Province has four main lakes, which serve as a buffer for the water system in the 
downstream and surrounding areas. New construction should maintain a buffer of at 
least 2.5 km from lakes and wetlands to protect topographic and ecologic features. 

4. Minimum 100 m from the coastline (Aydin et al., 2013).
Construction along the coastline is allowed only to support coastal recreation activities, 
coastal security, fishing activities and port activities. Other types of construction are 
not allowed. Other buildings should maintain a distance of at least 100 meters from 
the highest tide point of the sea to the land (Provincial Government of Bali, 2015).

Economic Objectives (Econ)

1. Minimum solar radiation of 4.5 kWh/m2/day (EIEI, 2009).
This criterion defines the electricity production capacity of solar PV. Bali has an 
average of 5.33 to 5.37 kWh/m2/day and an average of 12 hours of sun per day. 
Therefore, all areas in Bali meet the requirements for 4.5 kWh/m2/day.

2. Maximum distance to transmission line of 0.5 miles to avoid additional costs 
(Environmental protection agency, n.d.).
Long distance lines between solar PV panels and the transmission system will 
increase the loss of power and cost of construction. Ideally, sites should be close to 
the existing power grid. 

3. Maximum distance to urban areas is 10 km (Arán Carrión et al., 2008).
Solar technologies cause no noise or pollution; hence, PV sites are often installed next 
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to consumers. This helps to reduce the cost and is widely accepted by communities, 
unlike other renewable energy technologies. Alam et al. (2011) note that densely 
populated urban and electrified areas are a potential market for grid-connected PV 
systems. According to Aran et al. (2008), the distance of solar PV plants to urban 
areas should fall between 5-10 km. This criterion excludes solar PV on rooftops or 
unused land under a solar PV rooftop scenario.

2.2 Data
This study used secondary data set from many sources. The data are mostly in the form of 
shape-format data (GIS) for land use, radiation, power generation, transmission, and distribution. 
Particularly for solar radiation in Indonesia, the national agency has limited meteorological 
stations with reliable and calibrated pyranometers; most of them provide information on humidity, 
temperature, wind speed, and sunshine duration. Therefore, radiation data were derived from 
the NASA website (http://eosweb.larc.nasa.gov) which has complete data for each longitude 
and latitude. The primary input to this model included the annual average of insolation on a 
horizontal surface for each latitude and longitude of all districts in Bali. Masters (2004) stated that 
measurement of average insolation in clear and cloudy conditions should start with measuring 
how much sunlight impinges on a horizontal surface. Secondly, this study utilized land use data of 
Bali from the Geospatial Information Agency (BIG), Government of Indonesia. It contains a spatial 
map of regions including residential, forest, lakes, airports, coast, etc. To enrich the spatial model, 
additional district level data were collected from Statistics Indonesia. Lastly, PLN provided a map 
of generation, transmission, and distribution systems in Bali from the Business Plan for Power 
Supply report (PT PLN, 2014).

2.3. GIS Modelling
GIS has been increasingly used as a tool for spatial planning and optimal site selection for 
renewables. Spatial analysis operations such as proximity and overlay were used to incorporate 
layers for land suitability evaluation. Suitability is defined as satisfaction of the set of minimal 
qualitative and physical constraints imposed by the criteria. Another analysis function, buffer 
analysis, is one of the most important functions in this regard. It analyses zonal areas of a specific 
distance around restrictions, namely buffer zones, and identifies the impact and service range 
in the surrounding environment (Hehai, 1997). In this study, buffer analysis is applied using the 
function such as full, left, and right. This approach is necessary to define an allowable area for 
the buffer. Another analysis used in this study was the intersect analysis to overlay all layers. 
It integrates two or more layers while preserving common features to all layers, similar to the 
operation of the Boolean AND.

2.4. Scenarios
Scenarios are typically used to evaluate potential future energy systems and their implications. 
They illustrate different consequences and benefits for different implementations, which allow 
policymakers to make decisions based on preferred scenarios. Four scenarios were tested in 
this research: (1) BAU – no installment of solar PV; (2) Scenario min – requires instalment of 
PV considering all restriction criteria; (3) Scenario max – requires instalment of PV considering 
strict restriction criteria of lakes, wetlands, and coastline; (4) Solar PV rooftop potential which 
can be added to Scenarios 2 and 3 to illustrate a bigger picture of total solar PV potential. 
Figure 2 summarizes these scenarios. The strict restriction is a criterion that strictly prohibits 
the land development in restricted areas. The moderate restriction is a criterion that allows land 
development in restricted areas with the provision of approved proposals from the government.
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Figure 2. Decision criteria for scenarios.

BAU is a scenario where solar PV is not deployed. It describes the situation where the municipal 
government decides to maintain the current system with fossil-fueled generators and import of 
electricity from Java. This condition may happen when there are no initiatives to drive renewable 
development from the municipal or principal government. Scenario min describes low penetration 
of solar PV. Scenario min is devoted to using the areas that fit all criteria from factors and 
restrictions. All Strict and moderate restriction criteria are valid input to GIS. Scenario min presents 
a modest approach to the development of solar PV in Bali. Coal-fired plants have been profoundly 
considered to increase capacity in Indonesia. However, due to the unfavorable response from 
international, Indonesia might consider a more significant portion of renewables, which could lead 
to the rise of renewable energy or solar PV (Deloitte, 2016). This scenario aims to give information 
to policymakers regarding how emissions can be reduced with the installation of solar PV on 
available land while keeping current planning. If policymakers consider expanding beyond today, 
scenario max will show the future projection of a more ambitious approach. Scenario max looks 
at the inclusion of forest and agriculture land because construction on these areas is possible 
with an approved proposal. Additionally, both scenarios might consider other plausible strategies 
to increase solar PV penetration through the installment of PV panels on 10% of the rooftop and 
building area (scenario rooftop). Rooftop solar PV in urban areas can improve the self-sufficiency 
of electricity supply (Seme, Borut, & Lukac, 2013). However, there are many factors influencing 
suitable roof areas for solar PV: (1) shading due to neighboring buildings or trees; (2) other use 
of rooftops such as ventilation, heating, etc.; (3) roof orientation and (4) installation and racking of 
PV panels (Wiginton, Nguyen, & Pearce, 2010). Taking account of these factors is of interest for 
future research. Finally, when sites have been selected for each scenario, the total capacity, total 
generation, and total emissions savings can be calculated to evaluate the potential role of PV in 
decarbonizing energy in Bali.

2.5. Methodology
There are two applications for solar PV: (1) installation in regions outside of built-up areas with the 
potential for large-scale PV and (2) installation on rooftops within built-up areas (Sun et al., 2015). 
In this research, the two application models are assessed. The solar PV geographical potential 
for suitable areas is estimated by equation (1). Input for the suitable areas was derived from GIS 
evaluation by excluding restrictions and including factors.
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(1) Geographical potential  PG = R W   (Sun et al., 2015)

PG is the geographical potential of built-up areas in GWh, R is the annual total solar radiation in 
kWh/m2/day, and W is the available land area for solar PV in km2. For rooftops, W is defined as 
the total residential area in Bali with a probability of 10% solar PV installation. Furthermore, the 
potential annual electricity production of grid-connected PV (Ep,PV,pot) in Bali can be calculated 
by equation (2). Ep,PV,pot estimates the total electric power generation per year, which can also 
be referred to as the technical potential, with certain assumptions regarding the PV modules to 
be used.

(2) Ep,PV,pot = dy η PR PG    (Veldhuis & Reinders, 2013)

dy is the number of days per year, and η is the efficiency of the PV module types as shown in 
Table 1. This study uses the maximum efficiency of each PV module. PR is the performance 
ratio using an assumption of 75%. An estimation of installed capacity (Cp) can next be made 
using equation (3). This study assumes an average capacity factor (CF) of 16%, and number of 
sunshine hours per day (hd) of 12 hours for Bali.

(3) Cp  =           (Veldhuis & Reinders, 2013)

Table 1. PV technical details. (Zahboune, Kadda, & Zouggar, 2014) 

After that, total emission can be estimated by calculating emission factors with total power 
generation output from each scenario. Solar PV appears to be completely clean energy without 
environmental impact. However, it consumes energy and emits GHG during its lifetime, such as 
through the manufacture of PV modules and the balance system (BOS), solar cells, transportation, 
installation, retrofitting, and recycling. Therefore, this research uses several references to estimate 
solar PV and fossil-fueled generator emissions factors: (1) An emissions factor for solar PV of 45 
gCO2-eq/kWh (Fthenakis, Kim, & Alsema, 2008) and (2) an emissions factor for the Java-Bali grid 
system in 2024 of 0.697 kg CO2/kWh (PT PLN, 2015). 

Finally, the commercial benefits can be analyzed further. They represent important information 
for policy makers about investment strategy. Over the last few years, the price of PV has been 
exponentially decreasing with the average international cost now below $1 USD/Wp (ADB, 
2015). The cost is projected to continuously fall in the future due to international support and 
development. Solar PV modules account for the biggest contribution to the total system cost 
at around 30-40% of the total installed cost (Ramli, Hiendro, & Al-Turki, 2016). The falling price 
has spurred subsequent falls in other costs such as frames, inverters, switchboards, etc. Table 2 
shows the assumption costs of generators to analyze the model commercially. 
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Table 2. Cost assumptions.

3. Comparison of  energy benefit

3.1. Scenario analysis BAU
Scenario BAU assumes no effort will be made to deploy solar PV in Bali. Therefore, the current 
projection of electricity demand and emissions will be used. PLN projects a consumption of 10.537 
GWh per year by 2024 in Bali. Under the current system, 99% of electricity is imported from Java 
through the Java-Bali grid system. The remaining 1% of electricity is generated by renewables. 
If no action is taken to strengthen energy security and decarbonization through renewables, Bali 
needs to import 10.431 GWh by 2024. Scenario BAU creates emissions of 7.2 million tCO2e, 
or 2 tCO2e/capita, under the BAU scenario from imported electricity if we assume the same 
population of 3.8 million people. These emissions come solely from the electricity sector and 
exclude emissions from waste, which is also a major issue in Bali. The system brings 374 million 
USD to 3.4 billion USD of electricity production costs for fossil-fueled electricity depending fuel 
generation type (coal or diesel).

Figure 3. Land use in Bali. (BIG 2010)
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3.2. Scenario analysis Min
Scenario min considers all decision criteria that were set in the model. Existing grid criteria play a 
key role in determining the suitable areas. Grid criteria ensure that the model places solar PV close 
to transmission lines (within 0.5 miles) to avoid additional cost and the need for storage. Hence, 
suitable areas tend to follow the transmission lines with exclusion based on other restriction 
criteria, which intersect, such as forests, agriculture, and lakes. Using these boundaries, the total 
geographical potential for solar PV is 1461.7 GWh on 273 km2 of suitable area. If monocrystalline 
silicon (mono-Si) was used, this generates the highest annual electricity production of 68 TWh 
compared to other materials. The minimum possible power generation is produced by amorphous 
silicon (a-Si) with 32 TWh. The results are supportive of previous studies conducted by Veldhuis 
& Reinders (2013) on the potential of solar PV in grid-connected systems in Indonesia. According 
to their study, Indonesia has a potential for 1492 TWh in total, where Bali contributes 2-5% from 
results of the current model. Hence, this study indicates that solar PV technology will be able to 
supply a maximum 68 TWh/year replacing current diesel-power generators. The potential for solar 
PV in Bali is thus very large and amounts to the 2024 electricity requirement of the whole island, 
with the option to export to surrounding areas. It accounts for a 33% contribution to the national 
electricity requirement by 2024. The minimum installed capacity for this scenario is estimated at 
21.9 GW depending on the PV modules used. Figure 4 depicts a geographical potential map for 
solar PV in Bali under scenario min.

Figure 4. Geographical potential map of solar PV in scenario min.

3.3. Scenario analysis Max
Scenario max ignores moderate restrictions, assuming the government approves land 
development proposals. The suitable area represents the potentially exploitable areas, including 
forests and agriculture, between transmission line buffer zones, and sensitive areas restricted 
previously in the criteria. In this scenario, forest and agriculture are classified as exploitable areas. 
Using these boundaries, the total geographical potential for solar PV is 2435.7 GWh on 453 
km2. Production of power generation using monocrystalline silicon (mono-Si) is 113 TWh while 
amorphous silicon (a-Si) is 53 TWh. This supports approximately 6.9%-24% of 2024 national 
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electricity requirements. Since scenario min amounts to the supply of the full energy requirements 
in Bali by 2024, scenario max presents a higher potential for Bali to export electricity. Installed 
capacity for the scenario is estimated at around 36-77 GW depending on the technology used. 
Figure 5 shows a geographical potential map of solar PV in Bali.

Figure 5. Geographical potential map for solar PV in scenario max.

Bali could potentially satisfy its future electricity demand by its own production of solar energy even 
in scenario min with moderate effort of solar PV deployment. Scenario max might be considered 
when Bali needs more ambitious effort to export electricity to its surrounding remote areas, 
especially off-grid rural areas. Both scenarios will generate approximately 0.47 million tCO2e and 
reduction of 6.8-million tCO2e compare to BAU level, if we assume full solar deployment to meet 
electricity demand in 2024. Theoretically, it is not feasible to solely rely on solar PV without storage 
system to satisfy electricity demand. If we assume hybrid technology solar PV and diesel is used, 
both scenarios will generate emission of 3.87 million tCO2e and reduction of 3.4 million tCO2e. 
However, this presents a potential estimate that could be achieved without considering current 
resources and technical requirements needed to realize this capacity in 2024. Other opportunities 
for increasing solar deployment in the market involve the use of rooftop solar PV on buildings.

3.4. Scenario analysis Rooftop 
The possibility of installing rooftop solar PV, mounted on the roof or integrated into the building, 
is presented for both scenarios. Rooftop PV has a significant potential to add generation to the 
Java-Bali system (ADB, 2015). The size of the installation and energy output may vary depending 
on the building’s size and available rooftop space. Rooftop solar PV technologies help to increase 
decarbonization rates and energy security without exploiting currently available space. The total 
residential and business area in Bali is 488 km2. If this study assumes 10% penetration of PV 
panels on rooftops, the total target area amounts to 48.8 km2. It could potentially generate 5.7 
TWh of electricity annually with 3.9 GW of installed capacity using an a-Si module and account 
for 37% of regional electricity consumption in 2024 with an emissions reduction of 2.55 million 
tCO2e. Since the total potential could not fully satisfy electricity demand, we assume the use of 
hybrid solar PV and diesel generation in the calculation of emissions. Table 3 summarizes results 
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of each scenario analysis including rooftop solar PV. 

Table 3. Summary of the result

3.5. Economic analysis
The price of PV modules and systems differs widely depending on suppliers, size, type, and 
country. Currently, there are no PV module manufacturers in Indonesia. The market consists 
of less than ten small local companies for assembling PV modules using imported components 
from neighboring countries such as China and Taiwan (ADB, 2015). Hence, the PV system cost 
largely depends on international factors. In this model, a large amount of solar PV potential has 
been identified. The investment required to install solar PV is significant. The cost for solar PV 
in Indonesia ranges between USD 1.1 to 1.3/Wp. Hence, at least 7.9 billion USD should be 
invested to replace current fossil-fueled supply if we assume full utilization of solar PV. This cost is 
estimated at 7.15 GW installed capacity to satisfy 10 TWh demand by 2024. This accounts for half 
of the expected total investment of new RE projects in Indonesia, of which solar only accounts 
for 0.87 GW out of a total of 9 GW from various RE sources (Group, 2014). On the other hand, 
under BAU scenario, Bali still imports electricity from Java island which mainly generated by coal 
and diesel. If we assume current fossil-fueled generators are utilized, under the same demand 
assumption, the total cost for generating fossil-fueled electricity is 374 million USD to 3.4 billion 
USD per year. Hence, the cost for continuing the use of fossil-fueled plant is still cheaper than new 
deployment of solar PV, which requires capital investment. However, if we consider other costs 
such as renewal of generators which are old, corrective maintenance for any machine failure, fuel 
subsidies, and the total cost of generator’s lifetime, thus employing fossil-fueled generators might 
be higher than solar PV. This is a further topic of interest for future study.

3.6. Policy analysis
In Indonesia, the price of electricity is heavily subsidized by the government. The aim is to protect 
the people from price fluctuation while also delivering energy access for all households. Indonesia 
had a USD 27.7 billion budget for energy subsidy in 2014 (IEA, 2016). About USD 19 billion was 
allocated for oil subsidy and USD 8 billion for electricity, leading to a low consumer electricity 
price. The vast majority of subsidies are ‘price caps’ for consumers on electricity, gasoline, diesel, 
and LPG. In 2015, the government announced the lifting of gasoline subsidies and the reduction 
of diesel subsidies to a fixed gap of USD 0.07/litre. Meanwhile, electricity subsidy increased to 
USD 0.042/kWh in 2014. These subsidies have hindered the development and investment in 
RE to compete with conventional technology. Subsidies have also been burdening Indonesia’s 
budget adversely and impacting on the economy. Therefore, the government should start to 
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realize its commitment to deploy more renewable energy technologies (Blum et al., 2013; Hasan, 
Muzammil, Mahlia, Jannifar, & Hasanuddin, 2012; Vithayasrichareon, MacGill, & Nakawiro, 2012) 
to reduce the dependency on fossil fuels as well as to leverage the local potential. The feed-in-
tariff (FIT) was implemented in Indonesia to accelerate investment in RE. However, evidence 
pointed to the failure of the FIT implementation in Indonesia due to a small gap margin (Holland & 
Derbyshire, 2009). Monetary inflation and currency depreciation of the IDR also affected the FIT 
implementation (Halstead, Mikunda, & Cameron, 2015). 

PLN and its subsidiaries govern Indonesia’s electricity sector. However, according to Law No. 
30/2009, the government also invites private organizations as Independent Power Producers 
(IPP) for investment in transmission, distribution, and power generation activities. Based on 
a Power Purchase Agreement (PPA), an IPP should sell the electricity generated to PLN at a 
specified price as per the contract. With this model, the low competition was created in the market 
due to the PLN monopolization of the right to sell electricity. There is no pricing competition to 
attract customers or strong competition for IPP to innovate effectively and efficiently. The market 
is mostly regulated by PLN, which delays the pace of development. Many of the solar PV players 
also found difficulties in securing financial loans due to a lack of capacity and financial assurance. 
If the market is liberalized, they may absorb technology experiences quickly, and therefore, 
increase their technical capacity to engage with financial loans. However, they would not succeed 
when subsidies are still present. Apparently, solar PV is still the most expensive technological 
option for Indonesia (Blum et al., 2013). Blum (2013) notes that diesel subsidy plays a critical role 
in determining commercial competitiveness between solar PV and diesel in Indonesia. Removing 
‘price cap’ subsidy might be an option, which could reflect the price of electricity more closely and 
fairly. If the government would like to keep the low price for low-income citizens, re-distribution 
of subsidies could help to target the right consumers and allow allocation of higher effort to the 
development of RE. Practically, re-distribution of subsidies has been successfully implemented 
when the government of Indonesia lifted fuel subsidies to end-users. They could follow the same 
best practice in the electricity sector.

4. Comparison of  energy benefit
The total potential of grid-connected solar PV in Bali ranges from 32-68 TWh for scenario min; 
53-113 TWh for scenario max and 5-12 TWh for rooftop solar PV. Hence, this implies that if Bali is 
serious about developing the rooftop PV program, they might be able to adequately supply energy 
requirements for residential or business users by using solar PV. Having these potential values, 
the total emissions reduction amounts to 6.8 million tCO2e or 1.88 tCO2e/capita compared to the 
BAU scenario if full solar PV utilization is assumed to meet the demand specified in the model. 
This indicates a similar range of the findings by Blum et al. (2013) that solar PV in Indonesia could 
contribute to 91% emissions reductions under conditions where small diesel generators are still 
present. Depending on the PV module used, the theoretical installed capacity in this model varies 
between 22-80 GW, which represents higher estimates than those made by IRENA of 38.7 GW 
(IRENA, 2017). This is possibly caused by the exclusion of two important factors related to solar 
PV in this model: intermittency and tilting. Capturing all potential energy is unlikely to be feasible 
due to technical limitations; however, this study presents the magnitude of the potential that could 
be developed. The draft report of National Electricity General Plan (RUKN) 2015-2034 notes 
that Indonesia is targeting 6.4 GW of solar PV installation across the nation by 2025. Despite an 
abundant potential, the plan only accounts for 29% of Bali’s grid-connected solar PV potential – 
an underutilized resource. The potential in this study strongly relates to near-grid land availability 
based on 2010 spatial data in Bali. Therefore, the potential will greatly depend on future land 
use and expansion of the transmission network in Bali. If the government plans to extend the 
transmission line in Bali, it will increase the potential; conversely, if large-scale land development 
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is present, it will decrease the potential. The potential emission reduction will change along with 
the installed capacity and electricity production from the installed solar PV. 

In this model, intermittency of sunshine and tilting of the solar panels are neglected due to time 
constraints of the research. The actual potential might be lower if both factors are considered. 
Solar PV is designed in a way that operates less than 24 hours per day throughout the year 
due to the mismatch between peak demand and a peak output of solar generators. Electricity 
demand in Indonesia peaks at 8 pm when families come home, and then gradually falling as 
shown in Figure 6. Particularly in Bali, lightning, air-conditioning, and commercial might share the 
biggest contribution due to the city’s reliance on the tourism industry. As tourism city, Bali needs to 
operate its hotels, shops, cafes, pubs and bars throughout the night which may represent higher 
demand number at night compare to the graph below. Meanwhile, the electricity production of 
solar PV starts from around 6 am and reaches a peak at 12 pm, before falling to 6 pm. It presents 
a time gap for solar PV electricity production to meet peak demand in Bali.

Figure 6. Demand behavior and solar electricity production. (IRENA, 2017)

Hence, in a condition where solar PV operates without storage, it is unlikely that solar PV will 
exclusively power the whole region without peak load generators that could serve as a backup 
during peak demand when there is no sun. This is an opportunity for further research to assess the 
role of storage to meet electricity demand in regions of high solar potential like Bali. Alternatively, 
Bali could also explore other renewables such as biogas to fill in the gap between peak demand 
and electricity output from solar PV. Bali is capable to potentially power the whole island with 
renewables, which help to increase its competitiveness index in tourism industry due to its 
sustainability in energy (Mowforth & Munt, 2015). 

It was found that investment in solar PV, according to the model, is more expensive by 4.5 billion 
USD than current diesel-fired plant assuming no replacement of old generators. This is due to 
the costs of solar PV, which are primarily associated with capital investment and technology 
limitation such as efficiency of PV module. MEMR stated that the high investment requirement 
has resulted in RE not being able to compete with subsidized conventional energy (MEMR, 
2015). Fuel subsidies have long determined the competitiveness of diesel-fired plant where a 
major part of the cost comes from fuel. Several recent studies concluded that development of 
renewables is strongly influenced by fuel subsidies (Glemarec, Rickerson, & Waissbein, 2012; 
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Waissbein, Glemarec, Bayraktar, & Schmidt, 2013). Additionally, solar PV could not generate 
higher output than fossil-fueled generators due to the small efficiency of PV module. This affects 
the cost of the number of installed capacity. However, solar PV technology has an impressive 
potential in Indonesia and is expected to experience rapid cost reduction (Braithwaite, Vis-dunbar, 
Wattimena, & Wooders, 2012; Terrado, Cabraal, & Mukherjee, 2008). Re-distribution of subsidies 
could help solar PV to compete with conventional generators more fairly.

5. Conclusion
We attempted to use a spatial modeling approach to determine Bali’s solar PV potential that could 
be exploited to shape a future decarbonization pathway. This model provides an approach, which 
is closer to an actual potential assessment based on geographical limitations since RE potential 
is closely linked to geographical location. However, two important factors, intermittency and tilting 
solar, are reserved for further research. The inclusion of these factors might result in a decrease in 
estimates of the total potential for solar PV, which can be deployed to decarbonize energy in Bali. 

Solar PV shows very promising potential to decarbonize energy in Bali, and yet it appears to be 
the most neglected energy source. Substitution to a cleaner technology from current conventional 
generators is seen to be the solution to achieve radical change in decarbonizing the energy sector. 
With a minimum total potential of 32 TWh, we conclude that grid-connected solar PV could play a 
significant role in decarbonizing energy in Bali. Emission savings that could be generated amounts 
to 3.4-6.8 million tCO2e. Bali has vast potential to support sufficiently its electricity demand for the 
whole island using solar PV or even export electricity to its surrounding remote islands. However, 
there are some technical limitations and trade-offs for the deployment. One of the biggest trade-
offs is the commercial benefit of solar PV that still becomes the expensive resource for Bali. The 
cost of solar PV strongly depends on international factors as most of the components are imported. 
The government might explore opportunities to develop local manufacturer of PV components to 
reduce the cost and bring other social benefits such as jobs. Intermittency is one of most crucial 
technical limitation for solar PV. As the availability of sun hours ranging from 6 pm to 6 am, solar 
PV could not satisfy the peak demand during nighttime. Other renewables such as biogas can 
be explored further to serve electricity demand during peak hours, especially waste as a major 
contributor of emission in Bali. It can also help Bali to strengthen its energy security by reducing 
electricity imports and increasing reliance on its own RE sources.
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Energy Consumption, National Income per Capita and Price Interactions 
in Indonesia Economy: A Vector Autoregression Analysis

A. M. Sholeh

Badan Pusat Statistik. Jl. Dr. Sutomo 6-8 Jakarta 10710 Indonesia

E-mail: ayatullah@bps.go.id

Abstract. This paper presents an empirical analysis of the interactions among energy 
consumption, national income per capita, and energy price (consumer price index by energy) 
in Indonesia using annual data from 2000 to 2016. We analyzed the interaction of energy 
consumption, national income per capita, and energy consumer price index by applying 
widely used time series analysis techniques such as unit root test, Vector Autoregressive 
model, Granger causality test, impulse response functions and the forecast error variance 
decompositions. The result show that energy price—with the best Granger causality—and 
energy consumption are obviously Granger causal for national income per capita. On the 
other hand, national income per capita isn’t a Granger causal for either energy consumption or 
energy price. Thus, energy price and energy consumption can play an important role in policy 
that targeting to increase in national income per capita. 

Keywords: Energy consumption; Energy price; Granger Causality; Impuls Response; 
National income per capita; Vector Autoregression (VAR) Model.
JEL Codes: Q43; Q48

1. Introduction
In 1973 and 1979, there was an oil price shock due to the constrained energy supply. Since then 
the demand for energy has been analyzed extensively on a national and international since the 
early  (Ibrahim, 2011). In the previous study, most analyzed the energy of determining the elasticity 
of income and the price of energy consumption or electricity consumption for other cases, where 
estimates or policy simulations may be applied. These studies typically analyze the long-term 
and short-term impact of energy prices and GDP on aggregate consumption or consumption per 
capita of one or more fuels, in individual sectors or over the whole economy.

In the last two decades, the main challenge today is to study the variable of time series such 
as statistical tests that lead to the conclusion that can be used and meaningful. In a study by 
Engels and Granger (1987), phillips and Durlauf (1986) and other researchers, it became clear 
that inferences from the autoregresive equations were only significant if all the variables studied 
were stationary, i.e., stochastic fluctuations with constant unconditional means and variances. 
on constant terms. As a result, unit root test became commonplace and cointegration methods, 
such as the Engle and Granger (1987) or the (Johansen (1988), 1991))  approach among others, 
were employed to test for existence of stationary long-run relationship among the non-stationary 
variables that would allow the implementation of standard regression methods.

In line with several recent approaches (for a summary see e.g. (Hondroyiannis, 2004)), our goal 
is to analyze the interactions between energy consumption and economic activity or income 
variables and energy prices. We first examine the time series properties of underlying energy, 
income and price data. Based on the results of unit root tests for variables involved, we proceed 
in formulating and estimating an appropriate Vector Autoregressive (VAR) model.
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After an overview of the Indonesian energy sector, the paper continues with a description of 
the data that were collected and then the unit root tests were performed. In this study, we will 
estimate the VAR model, which will conclude about the impact of income, price, and energy 
consumption on each variable, as well as on issues of Granger causality among the variables, 
impulse response function, and variance decomposition.

2. The energy sector in Indonesia
Indonesia is endowed with considerable energy resources, both fossils and renewable. With our 
resource wealth, strategically located close to East Asian industrial nations and openness to 
international trade, we have seen over the last three to four decades that Indonesia is a world-
class exporter of oil, gas, and coal. The exports of energy have contributed to our country’s export 
earnings largely as well as to the government as a source of revenue.

Currently, energy consumption in Indonesia is still dominated by fossil energy. By 2015, fossil 
energy accounts for 86.15 percent of total energy consumption (4,544,788 terajoules). The rest, 
13.85 percent consumption of renewable energy. Of this amount, oil contributes 48.48 percent, 
natural gas 16.47 percent, and coal 21.2 percent. Half of the oil to fulfill domestic demand must 
be imported, in the form of crude oil and oil products. Under these conditions, Indonesia’s energy 
security will certainly become very vulnerable to the turmoil in the global market.

With high energy growth and energy consumption per capita still low, the electrification ratio 
became uneven in all parts of Indonesia. Infrastructure energy is also not optimal. As an 
illustration, with a population of around 258 million people, the production of available power 
plants is only about 239,750-gigawatt hours (GWh) (Statistik, 2016). In the oil and gas sector, the 
capacity of the national refinery has not been able to fulfill all the fuel needs, while the natural gas 
infrastructure is still limited. 

On the other hand, energy resources to date still functioned as a source of national income. Fossil 
energy (gas and coal), for example, is exported in large quantities. While other problems arise: 
the government provides subsidies to energy prices, which causes disruption of financial stability 
of the country and the national economy. Energy subsidies also result in the development of 
renewable energy into non-running.

As can be shown in Table 1 and figure 1, the total growth of energy consumption is less rapid with 
the total growth of energy production, at an average growth rate of 0.02 percent/year during 2000-
2016. describes the problem of energy consumption due to the limitations of infrastructure that is 
the backbone of energy availability that connects the location of energy sources to consumers, 
such as ports, loading-unloading facility, and distribution networks that form national connectivity.

Table 1. Energy Production and Consumption and its average growth rates in Indonesia     
2000-2016

Energy Production
(terajoule)

Energy Consumption
(terajoule)

2000 2016
Average Growth
Rate (%)

2000 2016
Average Growth
Rate (%)

8,527,075 16,920,034 0.05 3,711,682 4,097,581 0.02
Source: Badan Pusat Statistik, processed
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3. Methodology and Choice of  Variables
Granger causality (Granger, 1969) analyses to what extent the change of past values of one 
variable account for later variation of other variables. Therefore, Granger causality exists between 
variables yt and xt, if by using the past values of variable yt, the variable xt can be predicted with 
a better accuracy, and relating to a case when past values of variables yt are not being used, with 
an assumption that other variables stay unchanged. Granger causality test usually analyses two 
variables together, testing their interaction. All of the possible permutations of the two variables 
are:

• Unidirectional Granger causality from variables yt to variables xt,
• Unidirectional Granger causality from variables xt to variables yt,
• Bi-directional causality,
• No causality

In all possible cases, a common assumption is that the data are stationary. Stationarity in a 
Random Process implies that its statistical characteristics do not change with time. If not the 
Granger causality on non-stationary time data can lead to false casual relation (Cheng, 1995). 
Economic and energetic time series usually have the problem of nonstationary series. The reason 
most often lies in a constant change of legal and technical regulations and rules and is making a 
change of regulations can effect the stationary time series, but in that case the relation between 
variables before and after the changes is stable. Non-stationary time series are trying stationarity 
with certain mathematic procedures, for example differentiation of variables.

Figure 1. Energy consumption in Indonesia (terajoule), 2000-2016

This paper employs the Vector Autoregressive (VAR) technique to test energy consumption, 
national income per capita, and energy price interactions in Indonesia economy. This technique 
was presented by Sims (1980) as a means of overcoming the limitations of the traditional structural 
approach in modeling macroeconomic variables.
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Charemza and Deadman (1997) mentioned the simultaneity bias a simultaneous equation 
model caused by the possible existence of a feedback relationship between one or more of the 
independent variables on the one hand and the dependent variable on the other as one of those 
limitations. This results in biased coefficients and standard errors estimated by OLS. Charemza 
and Deadman (1997) also stated that the traditional multi-equation modeling had been criticized 
for two main assumptions namely (i) the zero restriction assumptions imposed on some variables 
as a solution for the identification problem, and (ii) A priori division of variables into exogenous 
and endogenous variables.

Both of those assumptions are often based mostly on the econometrician’s judgment rather than 
economic theory justifications. In the present study, we will estimate a VAR model with three 
variables; energy consumption, national income per capita, and energy price.

4. Data and unit root test

4.1. Data
Data used for this research is annual data period 2000 to 2016. Energy consumption has been 
taken from Badan Pusat Statistik (Neraca Energi Indonesia 2000-2016). Income is proxied by 
national income per capita; energy price is proxied by energy consumer price index (2000=100) 
has been obtained from press release Badan Pusat Statistik about the growth of consumer price 
index/inflation from 2000-2016. These data can be seen in Table (A.1) in Appendix (A).

4.2. Unit root test
Table 2 reports the results of Augmented Dickey-Fuller (ADF), Phillips-Perron (PP), and DF-GLS 
unit root tests for all variables; LEC, LNIpC, and LCPIE where these variables represent energy 
consumption, national income per capita, and energy consumer price index respectively.

It is necessary to note here that unit root test results should be treated with caution. For one thing, 
the size and power of unit root test is typically low because it is difficult to distinguish between 
stationary and non-stationary processes in finite samples (Harris & Sollis, 2003), and there is a 
switch in the distribution function of the test statistics as one or more roots of the data generating 
process approach unity (Cavanagh, Elliott, & Stock, 1995; Pesaran, 1997). Moreover, the sample 
size (with a maximum of 17 observations) is quite small.

Table 2. Unit root test

Variable Level ADF DF-GLS PP
(1) (2) (3) (4) (5)

LEC

LNIpC

LCPIE

C

C,T

C

C,T

C

C,T

-3.608b

-4.213b

-2.015

-0.344

-2.373

-2.399

-

-1.981L(3)

-

-2.854L(2);c

-

-2.505L(3);c

-3.620b

-4.217b

-1.755

-0.661

-3.114b

-2.319

Notes: ADF-Dickey DA, Fuller WA., (1979) unit root test with the H0: Variables are I (1); DF-GLS 
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performs the modified Dickey-Fuller t test proposed by Elliot, Rothenberg, and Stock (1996) unit 
root test with the H0: variables are I (1); PP-Phillips and Perron (1988) unit root test with the H0: 
Variables are I (1); a, b, and c indicate significance at the 1%, 5% and 10% levels, respectively. 
(C,T) Indicate that the test executed with intercept, trend respectively. L (#) indicate include # 
lagged differences.

While ADF test confirms the existence of a unit root in level for one variable, DF-GLS test confirm 
the existence of a unit root in level for two variables, and PP test confirm the existence of a unit 
root in level for two variable. So, we can consider the conclusion that the energy consumption, 
national income per capita, and energy consumer price data of Indonesia exhibit stationary 
properties seems to be valid.

5. VAR analysis

5.1. Determination the lag order of  the VAR
Next, we can model them as a VAR in levels. I order to construct the VAR, we need to determine 
the lag order of the VAR, i.e., the optimum number of lags. The optimum lag length can be 
determined either by using the Akaike Information Criteria (AIC), the Schwartz Information Criteria 
(SC), Final Prediction Error (FPE), Likelihood Ratio (LR) or by Hannan-Quinn information criterion 
(HQ) Tests. Table 3 gives the result of all these tests for the lag lengths of a VAR of the three 
variables. All tests show that the optimal lag order of the VAR is three, except FPE test where the 
optimal lag order according to it is two. This implies that the VAR will have a lag length of 3.

Table 3. Test Statistics and Choice Criteria for Selecting the Order of the VAR Model

Lag LL LR FPE AIC HQIC SBIC
(1) (2) (3) (4) (5) (6) (7)

0

1

2

3

46.6583

89.0625

103.785

116.986

84.808

29.444

26.402*

3.9e-07

3.5e-09

2.0e-09*

2.4e-09

-6.2369

-11.0089

-11.8264

-12.4265*

-6.24958

-11.0596

-11.9151

-12.5533*

-6.09996

-10.4612

-10.8678

-11.0571*

*Indicates lag order selected by the criterion

LR : sequential modifies LR test statistic (each test at 5% level)
FPE : Final prediction error
AIC : Akaike information criterion
HQIC : Hannan-Quinn information criterion
SBIC : Schwarz information criterion

5.2. Granger Causality

We have adopted the VAR Granger Causality/Block Exogeneity Wald Tests to examine the causal 
relationship among the variables. Under this system, an endogenous variable can be treated as 
exogenous. We used the chi-square (wald) statistics to test joint significance of each of the other 
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lagged endogenous variables in each equation of the model. The results are reported in table 4. 
A chi-square test statistics of 3.7822 for LNIpC concerning LEC represents the hypothesis that 
lagged coefficients of LNIpC as well as a block of all coefficients in the regression equation of 
LEC are equal to zero. Similarly, the lagged coefficients of LCPIE in the regression equation of 
LEC are equal to zero. The results indicate that, LCPIE is Granger Causal for LEC at level 5% 
of significance, while LNIpC doesn’t Granger causal for LEC. Also, all the variable are Granger 
Causal for LEC at the 5% significance level. The test results for LEC equation, however, indicate 
that null hypothesis cannot be rejected for individual lagged coefficient for LNIpC, this suggests 
that LEC is not influenced by LNIpC. But all the variables are Granger Causal for LEC at the 
5% significance level. The null hypothesis of block exogeneity is rejected for all equations in the 
model.

Table 4. VAR Granger Causality/Block Exogeneity Wald Tests Results

Equation Excluded
Chi-Square

Statistics

Degrees of 

Freedom
P value

(1) (2) (3) (4) (5)

LEC

LNIpC

LCPIE

LNIpC

LCPIE

ALL

LEC

LCPIE

ALL

LEC

LNIpC

ALL

3.7822

21.875

34.061

12.461

24.541

45.565

10.113

1.9508

16.546

3

3

6

3

3

6

3

3

6

0.286

0.000

0.000

0.006

0.000

0.000

0.018

0.583

0.011

The only evidence of bi-directional causality is observed between LEC and LCPIE which implies 
that both energy consumption and CPI Energy are influenced by each other. Uni-directional 
causality is observed from LEC and LCPIE to LNIpC.

5.3. The Estimation Results of  the VAR Model
The VAR model for the three I(0) variables; energy consumption (LEC), the national income per 
capita (LNIpC) and energy consumer price index (LCPIE) can be set up as the following system 
of equations:
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The VAR model incorporates three endogenous variables in their levels plus the intercept term 
using annual data over the period 2000 – 2016. All these variables are in the logarithmic forms. 
Table 5 illustrates the summary of the VAR model estimation results, whereas the detailed results 
is shown in Table (A.2) in Appendix (A).

Table 5. Vector Autoregression Estimates

Vector Autoregression Estimates
Sample: 2003-2016
Included observations: 14 
Standard errors in ( ) & z-statistics in [ ]

LEC LNIpC LCPIE
(1) (2) (3) (4)

LEC(1)

LEC(2)

LEC(3)

LNIpC(1)

LNIpC(2)

LNIpC(3)

LCPIE(1)

LCPIE(2)

LCPIE(3)

C

-0.2535564

0.6247792a

-0.1939152

-0.9673205

1.055164

-0.1499763

-0.4470129

-0.3757357

0.7681945b

6.158527b

0.118489c

0.1309927c

0.1436444b

0.6711936c

0.0392331

-0.1073285

-0.025869

0.1738171c

0.1822615

-0.5013825

-0.0797291

0.5751139b

0.5112807a

0.1430748

-0.9633922

0.7086309

0.3553298

-0.3362776

0.6596915

-4.958414
R-squared 0.7636 0.9981 0.9566

Notes: a, b, and c indicate significance at the 1%, 5%, and 10% levels, respectively

The VAR estimated results  support the Granger causality results of block exogeneity Wald 
tests for all equations in the model. Considering the targeted variable (LNIpC), the coefficient of 
determination R2 indicates that the incorporated variables capture almost 99% of the variations 
in national income per capita. To evaluate VAR model estimates, we check stability condition of 
VAR estimates (Table A.3 and Figure B.1).

The results of tests are all the eigenvalues lie inside the unit circle. So, the results seems to be 
satisfies stability condition.
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6. The Impulse Response Functions (IRFs)
Impulse response functions (IRFs) show the dynamic behavior of a variable as given by its time 
path in response to exogenous random shocks given to this and other variables. This makes 
it possible to compare the predictions of the model with those of economic theory. Figure (2) 
illustrates the impulse response functions (IRFs) of the VAR model for 10 years. Each panel in 
the figure depicts the dynamic effect of a one standard deviation innovation on each of three 
variables.
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Figure 2. The Impulse Response Functions (IRFs)

Generalized impulse response analysis, along with Granger causality test, seems to confirm 
that energy consumption has a significant impact on CPI energy and vice versa. On another 
hand, national income per capita has an insignificant impact either on energy consumption or 
CPI energy. And both of energy consumption and CPI energy has a significant impact on national 
income per capita.

7. The Forecast Error Variance Decompositions (VDCs)
The forecast error variance decomposition for each variable reveals the proportion of the 
movement in this variable due to its shocks versus the shocks in other variables. Hence, while 
the IRFs show the direction of the dynamic response of the variables to different innovations, the 
VDCs provide the magnitude of the response to the shocks. The results are reported in table (6) 
at various forecast horizons over a period of 10 years. Table (6) gives the forecast error variance 
decomposition for the three variables included in the estimated VAR.
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Table 6. The VAR model forecast Error Variance Decompositions

Variance Decomposition of LEC:

Period S.E. LEC LNIpC LCPIE
(1) (2) (3) (4) (5)

1

2

3

4

5

6

7

8

9

10

5.5e-17

0.144676

0.133497

0.132761

0.151938

0.154413

0.155504

0.169004

0.183

0.186531

100

74.3825

74.3683

74.3147

70.762

70.605

71.4266

69.3957

68.9427

68.9762

0

22.7162

21.0168

19.9317

23.5515

22.9109

22.7912

25.0554

25.1363

25.0496

0

2.9013

4.6149

5.7536

5.6865

6.4841

5.7822

5.5488

5.9209

5.9742

Variance Decomposition of LNIpC:

Period S.E. LEC LNIpC LCPIE
(1) (2) (3) (4) (5)

1

2

3

4

5

6

7

8

9

10

0.146524

0.197454

0.207936

0.187641

0.179024

0.157657

0.151278

0.14859

0.147653

0.14772

9.0926

22.1567

40.2608

56.7188

61.2091

67.0862

68.3644

69.1739

69.3751

68.9287

90.9074

77.7366

58.8323

40.594

35.9379

30.3193

28.5415

27.8054

27.5105

27.7462

0

0.1066

0.9069

2.6872

2.853

2.5945

3.0941

3.0207

3.1144

3.3251
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Variance Decomposition of LCPIE

Period S.E. LEC LNIpC LCPIE
(1) (2) (3) (4) (5)

1

2

3

4

5

6

7

8

9

10

0.099749

0.112207

0.09064

0.085849

0.082497

0.084729

0.079252

0.079304

0.079833

0.079939

31.4195

29.6513

33.4383

43.2408

42.8601

41.6582

39.9434

38.0548

38.2614

41.003

47.5855

49.3754

48.6918

40.7338

40.911

41.8469

43.8704

46.1246

45.9512

43.459

20.995

20.9733

17.8699

16.0254

16.2289

16.4948

16.1862

15.8206

15.7875

15.538

However, since LNIpC is the target variable, the discussion will focus on analyzing its variance 
decomposition. The main source of variation in the national income per capita is its shocks with 
a percentage of 90.90% and 77.73 of the forecast error variance in the first and second period of 
forecast horizon respectively, which declines to reach a value of 27.74% in the tenth year.

the change in the LEC represents the second source of variation in LNIpC with a percentage of 
9.09% in the first year forecast horizon. This percentage increases considerably to reach 68.92% 
at the end of the forecast horizon. Finally, the contribution of LCPIE remains fairly stable over the 
whole forecast horizon.

The main source of variation in the energy consumption is its shocks with a percentage of 100 of 
the forecast error variance in the first period of the forecast horizon, that declines to reach a value 
of 68.97% in the tenth year.

The change in the LNIpC represents the second source of variation in LEC with a percentage 
begins with 0% in the first year forecast horizon. This percentage increases considerably to reach 
25.06% at the end of the forecast horizon. Finally, the contribution of LCPIE remains fairly stable 
over the whole forecast horizon.

However, the main source of variation in the CPI energy is national income per capita with a 
percentage of 47.58% of the forecast variance in the first period of forecast horizon, that declines 
sharply along the period to reach a value of 43.45% in the tenth year.

During the first three years of a period horizon, the main source of variation in CPI energy is 
caused by the energy consumption which reaches to highest value 43.24% at the fourth period, 
after that the national income per capita becomes again the main source of variation which 
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reaches to 43.45% at the tenth year.

8. Conclusions
This paper has presented an empirical analysis of the interactions among energy consumption, 
national income per capita, and CPI energy in Indonesia using annual data from 2000 to 2016. We 
analyzed the dynamic interaction by applying widely used time series analysis techniques such 
as unit root test, Vector Autoregressive model, Granger causality test, impulse response functions 
and the forecast error variance decompositions. The results show that energy consumption and 
CPI energy are clearly Granger causal for national income per capita, and there is bidirectional 
causality between energy consumption and CPI energy. On the other hand, national income 
per capita isn’t a Granger causal for either energy consumption or CPI energy. Thus, energy 
consumption is main source and CPI energy as the second source that can play an important 
role in policy that targeting to enhance the national income per capita to prosper the people in 
Indonesia.

Despite the quite small sample size, which poses limitations on the analysis, the results reported 
here have passed several specification tests, so that they can be used for forecasts of energy 
consumption, national income per capita and CPI energy in the future.
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Appendix (A)
Table (A.1). Energy and economic data (2000 – 2016)

Period
Energy Consumption

(Terajoule)

National Income per capita

(Rupiah)

CPI Energy

2000=100
2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

3,711,682

3,807,815

3,578,943

4,185,378

3,873,084

6,022,586

3,654,760

4,517,760

4,016,164

4,404,142

4,727,051

4,908,231

5,281,436

5,138,983

4,436101

4,544,788

4,097,581

5,850,806

6,995,224

7,616,400

8,196,200

9,303,700

11,179,500

13,195,094

15,416,788

19,141,673

20,935,852

23,974,408

24,658,691

26,527,004

28,890,818

31,376,037

32,995,105

36,377,712

100.00

130.20

170.42

179.04

184.03

297.82

299.43

305.28

375.34

353.12

371.54

375.96

379.74

461.06

573.41

550,33

524,77

Table (A.4) VAR Residual Normality Tests
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The Analysis of  Volatility Transmission between Oil Price, Gold Price and 
US-Dollar Exchange Rate at Different Oil Price Era
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Abstract. This study aims to analyze the volatility transmission between oil price (WTI), 
gold price (GOLD) and US-Dollar exchange rate (USDX) using Multivariate (BEKK)-GARCH 
model. We use daily data for the period of 2nd January 2012 to 30th June 2017 (Full Sample). 
We divided the series into two eras, namely “High-Oil Price” era (2nd January 2012 to 5th 
December 2014) and “Low-Oil Price” era (8th December 2014 to 30th June 2017). We not only 
found positive-unidirectional volatility transmissions from WTI to GOLD and WTI to USDX; but 
also positive-bidirectional volatility transmission between GOLD and USDX at all eras. On the 
contrary, USDX carry inverse volatility transmission towards WTI at all eras, except at Low-
Oil Price era. Despite the result showing a different pattern of volatility transmission between 
eras, we managed to find the consistent role of volatility transmission from WTI to determine 
GOLD and USDX at all eras. It shows the important role oil price plays in determining the 
volatility for both the commodity market and exchange rate around the world. Specifically, 
the positive volatility transmission of oil price to US-Dollar help explains that the uncertainties 
taking place in foreign exchange markets are correlated to oil prices to a certain extent. This 
should serve as an important indicator for many economic agents to take into consideration, 
especially since it is closely associated with competitiveness and trade balance of a country.
Keywords        : Volatility Transmission, BEKK-GARCH Model
JEL Classification   : C320, G150

1. Introduction
The interdependencies between instruments of commodity markets have increased over 
the decades. As shown by historical events, the gold and oil markets were evidently strongly 
correlated. In addition, both went through huge development and contributed in determining the 
level of payment (Subhashini and Poornima, 2014). Looking back, this condition started when oil 
producers in the Middle East demanded gold in exchange for crude oil, and this was affirmed in 
1933 when the original oil concession in Saudi Arabia could be traded with gold (Simakova, 2011). 

Nowadays, oil and gold have become every day’s essential when measuring certain financial 
asset. They are also utilized as a means of diversifying economic risks, i.e. inflation, exchange 
rate depreciation or stock market decline, (Novotny, 2012). Besides, as we already know, gold has 
been traditionally used as an insurance against inflation and financial crises (Mensi et al, 2013).

Le and Cha (2011) found that there is a long-run relationship between the prices of oil and gold, 
whether the oil price can be used to predict the gold price. Furthermore, while commodity prices, 
oil and gold, are quoted in USD (Munoz and Dickey, 2009), Subhashini and Poornima (2014); also 
Arfaoui and Rejeb (2016) confirmed and showed that the significant interaction between oil price, 
gold price and USD. 

Samanta and Zadeh (2012) found the co-integration among gold price, crude oil price, real 
exchange rate of US-Dollar and also stock price, despite the spillover indices being very small. 
Azar (2015) also demonstrated how the law of one price holds for oil price, gold price and US 
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stocks both in the short-run and in the long-run; where 1% appreciation of the USD leads to a 1% 
fall in the price of oil, gold and stock price.

Krugman (1983) and Golub (1983) highlighted the wealth transfer from oil importers to oil 
exporters due to higher oil prices, which affected the exchange rate of the importing country 
through current account imbalance and portfolio reallocation. In other cases, oil prices may have 
been the dominant source of persistent real exchange rate shocks over the post Bretton-Woods 
period and that energy prices may have important implications on future work on exchange rate 
behavior (Amano and Van Norden, 1998). The high volatility and exorbitant increase of oil prices 
had been proven to carry a significant impact on other macroeconomic variables (Samanta and 
Zadeh, 2012) which may potentially harm the economy through inflation, interest and exchange 
rates (Fernandez-Perez, et al., 2016). 

Positive shocks to oil prices are incline to depress USD in the short-run (Basher et al., 2010) and 
there are evidences showing that strong links persists between them in the long-run (Beckmann 
et al., 2017). Obadi and Otmanova (2012) found that the devaluation of USD affects global supply 
and demand. Similarly, Schryder and Peersman (2013) discovered that an appreciation of the 
US-Dollar exchange rate leads to a significant decline in oil demand based on a sample of 65 
oil-importing countries. Results show that countries with currencies pegged to USD are lagging 
against oil price while countries with a floating exchange rate and countries with undisclosed 
weighted basket of international currencies lead changes in oil price changes (Altarturi, et al., 
2016).

Meanwhile, Chin (2011) disclosed the long-term relationships between gold price and exchange 
rate (MYR/USD, SGD/USD and THB/USD), despite there not being any short-term relationship 
among them. However, particularly in stress situations, many investors still have confidence in the 
US-Dollar and regard it as a safe haven from external threats – a quality frequently attributed to 
gold as well (Stoeferle and Valek, 2017).

2. Research Objective
Based on numerous findings and papers, we construct this study relying on asking these two 
main questions:

1. What is the volatility transmission pattern between oil price, gold price and US-Dollar 
exchange rate like?

2. Do different of oil price eras change volatility transmission pattern between oil price, 
gold price and US-Dollar exchange rate?

The importance of carrying out this study is to understand how the markets driving the economy 
interact with each other. The result will be useful for numerous parties, including public and private 
economic decision maker, and researcher. Public decision maker can use the result of this study 
to take preventive and proactive economic policy anticipating commodities (oil and gold) and US-
Dollar exchange rate’s movement. Private economic decision maker can refer to our results to act 
as the rationale behind their actions on maximizing return or to minimizing risk to their portfolio. 
Last but not least, we hope to contribute to the commodity and foreign exchange market research 
and so that it could be enhanced in the future.
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3. Literature Review
The relationships between oil price, gold price and US-Dollar exchange rate have been 
documented in sizeable literature works using various methods. We present and discuss here the 
bilateral relationships over variable with the aid of empirical results from multilateral interactions.

3.1 Oil Price and Gold Price
Sujit and Kumar (2011) analyze the dynamic relationships or the co-movement among crude oil 
(WTI & Brent), gold, price US-Dollar and stocks return volatilities (S&P 500) using traditional VAR 
(Vector Autoregressive model). The authors use daily data between 2nd January 1998 to 5th June 
2009 and the result shows positive response to a positive shock in gold price to WTI and vice 
versa. Exchange rate is also highly affected by changes in other variable. The authors also find 
the presence of cointegration in the second model, indicating a weak long-run relationship among 
the variables.

Ha Le and Chang (2011) examine the relationships between oil and gold as two strategic 
commodities through inflationary channel and the interaction with US-Dollar index. They used 
monthly data starting from January 1986 to April 2011. Using VAR and Granger Causality model, 
the result shows that the impact oil price has on gold price is not symmetric. Further result also 
shows that the long-run relationship between gold and oil exists and oil price can be used to 
predict gold price.

Azar (2015) studies the relation of oil price, gold price, and the US stocks market with the USD 
exchange rate based on the law of one price using ARCH-GARCH methodology. Monthly sample 
is used, starting from January 1985 and ending in November 2014. The author found that the law 
of one price applies to oil, gold and US stock prices in the short-run and long-run.

Yaya, Tumala and Udomoboso (2016) applied the Constant Conditional Correlation (CCC) 
modeling framework to investigate volatility persistence and return spillovers between oil and 
gold markets. They used daily historical data from 2nd January 1986 to 8th September 2015 and 
partitioned the period into “Before” and “After” the global crisis. The result shows bidirectional 
returns spillover effect between oil and gold during the “Before” crisis period, but the direction 
becomes unidirectional from gold to oil market “After” crisis.

3.2 Oil Price and Exchange Rate (USD)
Novotny (2012) examines monthly data from January 1982 to September 2010. The author uses 
the Granger causality to find the direction of the relationship between USD and oil price (Brent). 
The author finds unidirectional relationship from USD to oil price since 2002 and the correlation is 
negatively significant (depreciation of the USD is associated with higher oil price and vice versa). 
Thus, the author finds since 2005 that 1% depreciation of the USD nominal effective exchange 
rate has implied an increase in the oil price of 2.1%.

Obadi and Otmanova (2012) use Granger causality and structural model to identify the impact 
USD exchange rate movement has on crude oil price. Results show devaluation of USD affects 
global supply and demand, i.e., USD devaluation leads to lower drilling activity, higher oil supply 
interruption and an increase in global oil demand in countries which apply world currencies other 
than USD. Further results show the USD devaluation decreases the purchasing power parity of 
oil exporting countries, especially if their currencies are tied to the USD.

Fratzscher et al. (2014) rely on a structural six-variables VAR model to assess the linkage between 
exchange rates, oil price, and other asset prices. The authors estimated the model using daily 
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data over 2nd January 2001 until 19th October 2012. As a result, the model shows bidirectional 
causality between the USD and oil prices and can perform well despite strong and rising negative 
correlation between oil price and the US-Dollar since early 2000s. It is also found that the strength 
of the correlation could be explained by the risk of shocks and the oil price financialization process.

3.3 Gold Price and Exchange Rate (USD)
Chin (2011) examines the relationship  between  gold  price  and  exchange  rate  of ASEAN 
countries currencies  such  as  Malaysian  Ringgit  (MYR/USD),  Singapore  Dollar  (SGD/USD), 
and  Thai  Baht  (THB/USD) againts USD on a monthly basis  from January 1981 to December 
2010. The Augmented Dickey-Fuller (ADF) Unit Root Test, Johansen Co-integration Test, Granger 
Causality Test with Vector Error Correction Model (VECM) and Ordinary Least Square (OLS) 
Method are applied to examine the relationship between them. The result shows that long-term 
relationship exists between gold price and exchange rate of MYR/USD, SGD/USD and THB/USD, 
but there is no short-term relationship between them. Moreover, the result also indicates that gold 
price has a positive relationship with MYR/USD but has an inverse relationship with SGD/USD 
and THB/USD.

Nair et al. (2015) attempts to understand the impact of 2008 recession in relationship between 
exchange rate of USD in INR (Indian Rupee) and gold price in India. The authors use Johansen 
Co-Integration based on “Pre-Financial Crisis” (1st January 2005 to 30th November 2007), 
“During-Financial Crisis” (1st December 2007 to 30th June 2009) and “Post-Financial Crisis” (1st 
July 2009 to 31st December 2013). The authors find bidirectional causality between variables at 
During-Financial Crisis, unidirectional causality from gold to USD at Post-Financial Crisis, and no 
causality at Pre-Financial Crisis.

Zhang et al. (2016) examines empirically the causal relationship between commodity prices and 
exchange rates using data on three commodities (crude oil, gold, copper) and three countries 
(Canada, Australia, Chile) over the period 2000 to 2009. Using the Granger causality and VARMA 
model, the authors suggest that the unconditional and conditional causality running from gold to 
exchange rates is stronger than in the opposite direction across multiple horizons, after removing 
potential US-Dollar effects.

4. Data and Methodology
The empirical data used for present study consist of:

Table 1. Sources of the Data

Symbol Description Unit Source

WTI Crude Oil WTI Futures USD PER BARREL Investing

GOLD Gold Futures USD Per Troy Ounce Investing

USDX US-Dollar Index Futures Index Investing

We collected daily data from 2nd January 2012 to 30th June 2017 with a total of 1412 observations. 
We then divide the series into two eras, namely “High-Oil Price” era (between 2nd January 2012 
and 5th December 2014) and “Low-Oil Price” era (between 8th December 2014 and 30th June 
2017). These dates are specifically chosen in order to capture different economic moments 
(especially that of crude oil price), whereas High-Oil Price era reflects the period when WTI are 
above USD 65 per barrel and Low-Oil Price era reflects the period when WTI are below USD 65 
per barrel. The threshold of oil price at USD 65 per barrel is the breakeven of external oil price 
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from Saudi Arabia between 2012 and 2016.1

4.1 Descriptive Statistics
Further analysis of the present study transformed the data into a continuously compounded return 
form of the series. Table 1 (below) shows the behavior of the series and returns of each series.

Table 2. Summary Statistics

Statistics
Full Sample

High-Oil Price
Era

Low-Oil Price
Era

V_WTI V_GOLD V_USDX V_WTI V_GOLD V_USDX V_WTI V_GOLD V_USDX

Mean -0.036119 -0.012769 0.013789 -0.044760 -0.030387 0.015947 -0.026329 0.007190 0.011344

Median -0.030000 -0.030000 0.010000 -0.010000 -0.030000 0.010000 -0.120000 -0.040000 0.020000

Maximum 12.32000 4.710000 2.180000 9.360000 4.710000 1.490000 12.32000 4.660000 2.180000

Minimum -8.670000 -9.350000 -2.390000 -6.980000 -9.350000 -1.560000 -8.670000 -3.320000 -2.390000

Std. Dev. 2.130562 1.026173 0.449751 1.376010 1.117074 0.388563 2.746656 0.912750 0.510583

Skewness 0.470525 -0.550875 -0.076014 0.138912 -0.953377 0.028952 0.441170 0.341491 -0.119359

Kurtosis 6.310683 10.41679 4.832651 7.165637 11.69294 4.342841 4.363333 5.633521 4.562013

Jarque-Bera 696.9512 3307.764 198.9580 544.6787 2475.092 56.45550 72.74274 204.1690 68.87200

Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Observations 1412 1412 1412 750 750 750 662 662 662

Since the series are transformed into return series, all of these series have a kurtosis value larger 
than 3 along observation, this means that leptokurtic have a thick tails. The Jarque Bera test also 
indicates that all of the series are not normally distributed. Hence, it is appropriate to apply the 
ARCH-GARCH model into the series (Bollershev, 1986).

1The average breakeven of external oil price of Saudi Arabia between 2012 and 2016 are USD 63.89 per barrel – 
Fred, St. Louis Fed (2017).



124 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

 Full Sample 
 

 

 High-Oil Price 
Era 

 

 Low-Oil Price 
Era 

 

 

 

 

 

 

 
 

-10

-5

0

5

10

15

250 500 750 1000 1250

WTI

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

250 500 750 1000 1250

GOLD

-3

-2

-1

0

1

2

3

250 500 750 1000 1250

USD

-8

-4

0

4

8

12

100 200 300 400 500 600 700

WTI

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

100 200 300 400 500 600 700

GOLD

-2

-1

0

1

2

100 200 300 400 500 600 700

USD

-10

-5

0

5

10

15

100 200 300 400 500 600

WTI

-4

-2

0

2

4

6

100 200 300 400 500 600

GOLD

-3

-2

-1

0

1

2

3

100 200 300 400 500 600

USD

-10

-5

0

5

10

15

250 500 750 1000 1250

WTI

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

250 500 750 1000 1250

GOLD

-3

-2

-1

0

1

2

3

250 500 750 1000 1250

USD

-10

-5

0

5

10

15

250 500 750 1000 1250

WTI

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

250 500 750 1000 1250

GOLD

-3

-2

-1

0

1

2

3

250 500 750 1000 1250

USD

-8

-4

0

4

8

12

100 200 300 400 500 600 700

WTI

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

100 200 300 400 500 600 700

GOLD

-2

-1

0

1

2

100 200 300 400 500 600 700

USD

-8

-4

0

4

8

12

100 200 300 400 500 600 700

WTI

-10.0

-7.5

-5.0

-2.5

0.0

2.5

5.0

100 200 300 400 500 600 700

GOLD

-2

-1

0

1

2

100 200 300 400 500 600 700

USD

-10

-5

0

5

10

15

100 200 300 400 500 600

WTI

-4

-2

0

2

4

6

100 200 300 400 500 600

GOLD

-3

-2

-1

0

1

2

3

100 200 300 400 500 600

USD

-10

-5

0

5

10

15

100 200 300 400 500 600

WTI

-4

-2

0

2

4

6

100 200 300 400 500 600

GOLD

-3

-2

-1

0

1

2

3

100 200 300 400 500 600

USD

Figure 1. Return of the Series

4.2 Methodology
The Multivariate GARCH (MGARCH) models have been designed to capture the conditional 
covariance and volatility matrices of multiple time series. MGARCH models also perform better with 
regards to the parameterization of conditional cross-moment as compared to the univariate model 
(Worthington and Helen, 2004). This provides us with valuable information on risk measurement 
associated with a given set of financial assets (Hafner and Herwartz, 2006).

The basis of the GARCH model are defined as:

Yt = α + ΓYt-1 + εt

εt / It-1 ≈ N(0, Ht)

……………………………………………………………………………………………. (1)

Where Yt is a 3 x 1 vector of daily returns at time t. α represents 3 x 1 vector of constants. Γ is a 3 
x 3 matrix for parameters associated with the lagged returns. Yt-1 is the 3 x 3 vector matrix of the 
returns relationship across series. εt is the 3 x 1 vector of random error. Ht is the 3 x 3 conditional 
variance-covariance matrices. And It-1 is the series information available at time t-1.

Baba et al. (1990) introduced Baba Engel Kroner Kraft (BEKK) model which guarantees by 
construction that the variance covariance matrices in the system are positive-definite (Bauwens 
et al., 2006; Beirne et al., 2009). The positive-definiteness of the covariance matrix is in contrast 
to VEC(H) model or DVEC model and CCC or DCC model, where covariance matrix could be 
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negative and restriction should be imposed (Bollerslev et al., 1988; Engle and Kroner, 1995; 
Bauwens et al., 2006, Peters, 2008; Righia and Ceretta, 2012; and Mokengoy, 2015).

The compact form of the BEKK model is defined as:

Ht = A’A + B’εt-1 ε’t-1 B + C’Ht-1 C    ……………………………………………………. (2)

Where Ht is the conditional variance-covariance matrices in t. A, B and C are matrices of 
parameters to be estimated. In the other word, when using 3 variables the matrices in equation 
(2) become as follows:

 
     ……………………………………………………………………………………...…(3)

In this model, to ensure the positive-definiteness Ht, the A matrix is configured to be upper 
triangular with 6 parameters. The B matrix contains 3 x 3 parameters and have conditional 
variances correlated with past squared errors to capture the effects of shocks or unanticipated 
events. Then, the C matrix has 3 x 3 parameters that represent how current levels of conditional 
variances are affected by past conditional variances. So, this allows the model to show 18 
estimated elements for the variances.

The off-diagonal elements of B and C provide evidence of interdependences between variables, 
while the diagonal elements capture any persistence among them (Konstantina, 2014). Therefore, 
it allows us to identify effects if lagged shocks or event or volatility transmission between series 
(Karolyi, 1995; Worthington, 2004; Valls and Chulia, 2014).

And since the equation (2) consist of variance-covariance matrices in equation (3), the general 
BEKK model in the case of N = 3, is as follows:
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……………………………………………………………………………………………. (4)

In order to see the volatility transmission among series for all markets between oil price (WTI), 
gold price (GOLD) and US-Dollar exchange rate (USDX), mathematically the volatility spillover 
equation in the multivariate BEKK-GARCH (1,1) models are as follows:

h11t = 𝑎𝑎11
2  +(𝑏𝑏11

2 𝜀𝜀1𝑡𝑡−1
2 + 2b11b21 ε1t-1 ε2t-1 +𝑏𝑏21

2 𝜀𝜀2𝑡𝑡−1
2 + 2b11 b31 ε1t-1 ε3t-1 +2b21 b31 ε2t-1 ε3t-1+ 𝑏𝑏31

2 𝜀𝜀3𝑡𝑡−1
2 ) 

+ (𝑐𝑐11
2 h11t-1   +c11 c21 h12t-1 +c11 c31h13t-1 +c11 c21 h21t-1 + 𝑐𝑐21

2 h22t-1 +c21 c31 h23t-1 +c11 c31h31t-1 

+ c11 c31 h31t-1 +c21 c31 h32t-1 + 𝑐𝑐31
2 h33t-1)     …………………………...………………. (5) 

 
h12t = 𝑎𝑎11 𝑎𝑎12 + (b11b12 𝜀𝜀1𝑡𝑡−1

2 + b12b21 ε1t-1 ε2t-1 +b11 b22 ε1t-1 ε2t-1 +b21 b22 𝜀𝜀2𝑡𝑡−1
2 + b12 b31 ε1t-1 ε3t-1 

+b11b32 ε1t-1 ε3t-1 + b22 b31 ε2t-1 ε3t-1+b21 b32ε2t-1 ε3t-1+b31 b32 𝜀𝜀3𝑡𝑡−1
2 )  

+ (c11 c12 h11t-1 +c11 c22 h12t-1 + c11 c32h13t-1 + c12 c21 h21t-1  + c21 c22 h22t-1 + c21 c32 h23t-1   
+ c12 c31 h31t-1 +c22 c31 h32t-1 + c31 c32 h33t-1)      ………………………………………. (6) 

 
h13t = 𝑎𝑎11 𝑎𝑎13 + (b11b13 𝜀𝜀1𝑡𝑡−1

2 + b13b21 ε1t-1 ε2t-1 +b11 b23 ε1t-1 ε2t-1 +b21 b23 𝜀𝜀2𝑡𝑡−1
2 + b13 b31 ε1t-1 ε3t-1 

+b11b33 ε1t-1 ε3t-1 + b23 b31 ε2t-1 ε3t-1+b21 b33 ε2t-1 ε3t-1+b31 b33 𝜀𝜀3𝑡𝑡−1
2 )  

+ (c11 c13 h11t-1 +c11 c23 h12t-1 + c11 c33 h13t-1 + c13 c21 h21t-1  + c21 c23 h22t-1 + c21 c33 h23t-1   
+ c13 c31 h31t-1 +c23 c31 h32t-1 + c31 c33 h33t-1)  ………………………………………... (7) 
 

h22t = 𝑎𝑎12
2  + 𝑎𝑎22

2  + (𝑏𝑏12
2 𝜀𝜀1𝑡𝑡−1

2 + 2b12b22 ε1t-1 ε2t-1 +𝑏𝑏22
2 𝜀𝜀2𝑡𝑡−1

2 + 2b12 b32 ε1t-1 ε3t-1 +2b22 b32 ε2t-1 ε3t-1 

+ 𝑏𝑏32  
2 𝜀𝜀3𝑡𝑡−1

2 )+(𝑐𝑐12
2 h11t-1 + c12 c22 h12t-1 + c12 c32h13t-1 + c12 c22 h21t-1 + 𝑐𝑐22

2 h22t-1 +c22 c32 h23t-1 + 
c12 c32h31t-1 + c22 c32 h32t-1 + 𝑐𝑐32

2 h33t-1)      ………………………………………….. (8) 
 

h23t = 𝑎𝑎12 𝑎𝑎13 + (b12b13 𝜀𝜀1𝑡𝑡−1
2 + b13b22 ε1t-1 ε2t-1 +b12 b23 ε1t-1 ε2t-1 +b22 b23 𝜀𝜀2𝑡𝑡−1

2 + b13 b32 ε1t-1 ε3t-1 

+b12b33 ε1t-1 ε3t-1 + b23 b32 ε2t-1 ε3t-1+b22 b33 ε2t-1 ε3t-1+b32 b33 𝜀𝜀3𝑡𝑡−1
2 )  

+ (c12 c13 h11t-1 +c12 c23 h12t-1 + c12 c33 h13t-1 + c13 c22 h21t-1 + c22 c23 h22t-1 + c22 c33 h23t-1   
+ c13 c32 h31t-1 +c23 c32 h32t-1 + c32 c33 h33t-1)  ……………………………..……….... (9) 
 

h33t= 𝑎𝑎33
2  +(𝑏𝑏13

2 𝜀𝜀1𝑡𝑡−1
2 +2b13b23 ε1t-1 ε2t-1 +𝑏𝑏23 

2 𝜀𝜀2𝑡𝑡−1
2 + 2b13 b33 ε1t-1 ε3t-1 +2b23 b33 ε2t-1 ε3t-1+ 𝑏𝑏33  

2 𝜀𝜀3𝑡𝑡−1
2 )    + 

(𝑐𝑐13
2 h11t-1 + c13 c23 h12t-1 + c13 c33 h13t-1 + c13 c23 h21t-1 + 𝑐𝑐23

2  h22t-1 + c23 c33 h23t-1 + c13 c33 h31t-1 +  
c23 c33 h32t-1 + 𝑐𝑐33

2  h33t-1)   …………………………………………..……….. (10) 
 

The equation (5) to equation (10) represents the shocks and volatility transmitted along period 
across variables. The parameters 2 represent the constant level of every volatility variables. Then 
the parameters2 captures the impact of each variables to the others volatility. The parameters2 
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represents the volatility transmission. Lastly,  represents the unexpected change from each 
variables at time t-1. And since our main focus is on the volatility transmission pattern,2, our result 
and analysis will mainly only define the C matrices.

Under the assumption of conditional normality, the parameter of BEKK-GARCH system {equation 
(5) to equation (10)} are estimated by maximizing the log-likelihood function:

Where T is the number of observation that is going to be used to estimate the parameters; N is the 
number of variables in the system; Θ is the vector of all the parameters to be estimated; and Ht will 
be replaced by its specification according to the appropriate BEKK-GARCH parameterizations. 

5. Analysis
In order to employ the BEKK model, we first analyze the stationerity of the variables by applying 
the Augmented Dickey Fuller (ADF) test (Dickey and Fuller, 1979) and Phillips Perron (PP) test 
(Phillips and Perron, 1988). Table 3 (below) presents the empirical results of unit root analysis. The 
ADF and PP test for all variables represent similar results of stationerity. It shows that all return 
variables are stationer at level. So, the unit root test results statistically confirm the transformation 
of the following return value.

Table 3. Unit Root Test Results

Period Variables ADF-Test PP-Test

Full Sample
V_WTI -40.03657*** -39.99518***

V_GOLD -39.90621*** -39.86088***
V_USDX -39.12074*** -39.10205***

High-Oil Price

Era

V_WTI -14.17611*** -30.11674***
V_GOLD -29.77732*** -29.77956***
V_USDX -8.363072*** -29.57202***

Low-Oil Price

Era

V_WTI -27.23665*** -27.24350***
V_GOLD -26.15459*** -14.04105***
V_USDX -26.10009*** -26.10403***

Note: Include trend and intercept in test equation
***; Significant at 1% level

In order to find out the multicolinearity among variables, we applied the correlation matrix. We 
divide the correlation matrix according to each eras. Results wise, no multicollinearity can be 
found among the series.
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Table 4. Correlation Matrix

• Full Sample

Correlation WTI GOLD USDX
WTI 1.000000

GOLD 0.110571 1.000000
USDX -0.161877 -0.370633 1.000000

• High-Oil Price Era

Correlation WTI GOLD USDX
WTI  1.000000

GOLD  0.281904  1.000000
USDX -0.276723 -0.406500  1.000000

• Low-Oil Price Era

Correlation WTI GOLD USDX
WTI  1.000000

GOLD  0.009838  1.000000
USDX -0.116527 -0.354304  1.000000

The BEKK model simultaneously estimates by maximum likelihood method, preceded by VAR 
model. According to selection criterion2, we find lag optimal at 2nd lag for all eras. With that, we are 
able to estimate the coefficient for the conditional mean return equation of WTI, GOLD, and USD.

The BEKK-GARCH model estimated results capture the volatility spillover effect among the 
series, also indicating the presence of ARCH (shown by the matrix B) and GARCH effects (shown 
by the matrix C). All of the BEKK models at table 5 (below) show no evidence of autocorrelation 
in the standardized residuals (indicated by the p-values of Portmanteau-test greater than 0.05). 
In particular,

for all model represents that conditional variances is finite and the series are strictly stationary. 
We can therefore conclude that the BEKK model is robust and correctly specified.

Then we focus on the volatility transmission showing significant result shown by the C matrix. 
Based on the estimation result from table 5 (below) at Full Sample period; under 10% significant 
level, we see that an increase of 1% in the volatility of the WTI leads to a significant increase 
of GOLD by 0.88% ( 2

12c ) and a significant increase of USDX by 0.94% ( 2
13c ). An increase of 1% 

2  Based on the best lag order selection criteria shown by LR-test, FPE (Final Prediction Error), AIC (Akaike Informa-
tion Criterion), SC (Schwarz Information Criterion) and HQ (Hannan-Quinn Information Criterion)

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
11 11 12 12 13 13 21 21 22 22 23 23 31 31 32 32 33 331; 1; 1; 1; 1; 1; 1; 1; 1b c b c b c b c b c b c b c b c b c+ < + < + < + < + < + < + < + < + <
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volatility of the GOLD leads to a significant decrease of the WTI by 0.003% ( 2
21c ) and a significant 

increase of the USDX by 0.88% ( 2
23c ). Lastly, an increase of 1% volatility of the USDX leads to a 

significant decrease of the WTI by 0.01% ( 2
31c ) and a significant increase of the GOLD by 0.04% 

( 2
32c ).

During High-Oil Price era, under 10% significant level, an increase of 1% in the volatility of the WTI 
leads to a significant increase of the GOLD by 0.77% ( 2

12c ) and a significant increase of USDX by 
0.99% ( 2

13c ); Then an increase of 1% volatility of the GOLD only leads to a significant increase of 
the USDX by 0.90% ( 2

23c ). An increase of 1% volatility of the USDX leads to a significant decrease 
of the WTI by 0.01% ( 2

31c ) and a significant increase of the GOLD by 0.04% ( 2
32c ).

Meanwhile, during Low-Oil Price era, under 10% significant level, results show that an increase 
of 1% in the volatility of the WTI leads to a significant increase of the GOLD by 0.85% ( 2

12c ) and a 
significant increase of USDX by 0.68% ( 2

13c ). Increase of 1% volatility of the GOLD only leads to a 
significant increase of the USDX by 0.65% ( 2

23c ) while increase of 1% volatility of the USDX only 
leads to a significant increase of the GOLD by 0.02% ( 2

32c ).

Table 5. Estimation Results of the BEKK-Model

Based on the results above, the volatility transmission pattern can be explained as follows:

On Full Sample period:

• There is a bidirectional transmission of volatility between the WTI and GOLD. The 
transmission from WTI to GOLD is positive, but there is a negative transmission in 
the opposite direction.

• There is a bidirectional transmission of volatility between the WTI and USDX. The 
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transmission from WTI to USDX is positive, but there is a negative transmission in 
the opposite direction.

• There is a bidirectional transmission of volatility between the GOLD and USDX. The 
transmission from WTI to USDX and from USDX to WTI are both positive.

During High-Oil Price era:

• There is a unidirectional and positive transmission of volatility from the WTI to GOLD.
• There is a bidirectional transmission of volatility between the WTI and USDX. The 

transmission from WTI to USDX is positive, but there is a negative transmission in 
the opposite direction.

• There is a bidirectional transmission of volatility between the GOLD and USDX. The 
transmission from WTI to USDX and from USDX to WTI are both positive.

Figure 2. Volatility Transmission Pattern of the Series

During Low-Oil Price era:

• There is a unidirectional and positive transmission of volatility from the WTI to GOLD.
• There is a unidirectional and positive transmission of volatility from the WTI to USDX.
• There is a bidirectional transmission of volatility between the GOLD and USDX. The 

transmission from WTI to USDX and from USDX to WTI are both positive.

6. Conclusion
This study examines the volatility transmission between oil prices (WTI), gold prices (GOLD) 
and US dollar exchange rate (USDX). We gathered daily data, from 2nd January 2012 to 30th 
June 2017, with a total of 1412 observations. Series were divided into two eras: “High-Oil Price” 
era (between 2nd January 2012 and 5th December 2014) and “Low-Oil Price” era (between 8th 
December 2014 and 30th June 2017).

We focus on the analysis of volatility transmission shown by the GARCH effect (the C matrix) 
between the series. Our findings show bidirectional volatility transmission between all series on 
Full Sample of observation. During the High-Oil Price era, bidirectional volatility transmissions 
are observed between WTI-USDX and GOLD-USDX. In contrast, during the Low-Oil Price era, 
bidirectional volatility transmission only happens between GOLD and USDX. With regards to 
positive-unidirectional transmission of volatility transmission, we observed positive-unidirectional 
transmission of volatility transmission occurring in both eras. During the High-Oil Price era, this 
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only happens from WTI to GOLD. However, during the Low-Oil Price era, this is also observed 
on WTI to USDX.

Although different patterns of volatility transmission are discovered between both eras, a stable 
direction is evidently present between series in all eras. We can conclude that WTI has a positive 
volatility transmission to GOLD and USDX in all eras (in line with Amano and Van Norden, 
1998; Le and Cha, 2011; Kumar and Sujit, 2011). This highlights the important role of oil price in 
determining the volatility of commodities market and exchange rate around the world. Specifically, 
the positive volatility transmission of WTI to USDX help explains that the uncertainties taking 
place in foreign exchange markets are correlated to oil prices to a certain extent. This should 
serve as an important indicator for many economic agents to take into consideration, especially 
since it is closely associated with competitiveness and trade balance of a country (in line with 
Jiranyakul, 2014).
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Abstract. This study is intended to evaluate, analyze and give recommendations for 
prudently utilizing gas production to maximize regional economic developments. This techno-
economic study examines the allocated gas from three gas field blocks altogether at Maluku 
and West Papua Provinces, i.e.,, Tangguh, Masela, and Kasuri, to supply the demands of: 
(1) power plants; (2) fertilizer industries, and (3) petrochemicals industries. WThis study 
identifies development processes, investment parameters from pre-construction to operation, 
implementation parameters, and output parameters, both for the upstream sector and 
downstream sector during the period of 2016-2035. The results are then used for economic 
impact analyses. This study employs the Interregional Input-Output (IRIO) model consisting 
of 35 sectors and 35 provinces of the year 2010 IRIO Table that involves input data of 
infrastructure (CAPEX, OPEX, and supporting facilities), energy consumption (per kWh, per 
ton fertilizer, and per petrochemical product), workforce, and investments at a particular time. 
Having gas reserves and production profile data taken from results of the available previous 
development field studies, some simulation modeling scenarios were developed to forecast 
future performance of Gross Domestic Product, Wages, Employment, and Economic Growth 
of each province. The results indicate that the regional economic could grow significantly by 
providing electricity first. Hence, the Petrochemical Industry gives more contribution than the 
Fertilizer Industry. The contribution increases sharply before taking a peak period and then 
declines in year 2025. The best scenario increases the regional GDP at about 19%, wages 
at about 20%, and employment at about 55%. Maluku Province deserves the most economic 
improvement followed by West Papua Province. North Maluku Province and Papua Province 
are not as fortunate as those two provinces although it indicates some employment in North 
Maluku Province.

1. Introduction
The Tangguh, Masela, and Kasuri are located in the Eastern Indonesia Region, and their resources 
would be dominant in this area as currently Masela field, especially, is still in the development 
planning. Following the Government of Indonesia (GoI) to allocate the gas production for the 
domestic need, those gas resources need to be examined for their sustainable development in 
the region. This policy is also intended for shifting from oil fuel and for developing the region’s 
economy to overcome the economic growth disparity as indicated in each province economic 
growth (%) and Gini Ratio. 

This study digs from the previous feasibility reports and identifies that there is a need, first, 
to provide sufficient infrastructures, and then a sustainable development by utilizing the local 
potentials for a capital move towards a self-sufficient region. For this reason, this study is intended 
to seek the best scenario of the allocated gas productions from the three gas field blocks at the 
Maluku and West Papua Provinces, i.e.,, Tangguh, Masela, and Kasuri, together to maximize 
the regional economic growth.  The allocated gas production is utilized to supply (1) power for 
electricity; (2) fertilizer; and (3) petrochemicals. 
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Natural gas-related sectors have not been a key sector in the Eastern Indonesian Region economy. 
The oil (and natural gas) refining sector in West Papua Province tends to be more upstream than 
downstream oriented. It is only in Maluku, North Maluku and Papua provinces that electricity, gas 
and water supply sectors show more downstream orientation, meaning the output of this sector 
is largely needed as an input for other sectors in the economy. With the upstream development 
projects and the utilization of gas energy in the Eastern Indonesian Region area, forward linkage 
and backward linkage from oil, gas and geothermal mining sectors, oil (and natural gas) refining 
sector, and fertilizer and petrochemical industry sectors are expected to increase in the future.

The geographical condition of the archipelagic Eastern Indonesian Region requires facilities and 
infrastructures such as transportation modes, receiving terminals and LNG regasification, as 
well as gas transporting patterns from LNG Refinery to the Oil and Gas Power Plant (PLTMG)1. 
Stages of upstream petrochemical industry development in Indonesia for 2015-2019 according to 
RIPIN (National Industrial Development Master Plan) of Years 2015-2035 are those for Ethylene, 
Propylene, Butadiene, p-Xylene, o-Xylene, Methanol, and Ammonia.2 According to the data from 
the Ministry of Industry of 2014, Indonesia has had a deficit of petrochemical products.3 The 
petrochemical and fertilizer industries are planned to be developed in the Masela Block and 
Bintuni Bay.4,5 The Bintuni Bay Regency of West Papua has been designated as WPPI (Central 
Industrial Growth Area) according to the National Industrial Development Master Plan (RIPIN) 
2015-2035.2

2. Methodology
In addition to the supply chain of the upstream industry, this study is to conduct economic 
relationship between upstream and downstream known as forward and backward linkages from 
the development of new gas energy based industries. Hence, it is followed by an analysis on 
the contribution of the new industrial region to the regional economic growth by showing the 
macroeconomic indicators. The methodology of the study work is depicted in Fig. 1.
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Figure 1. Flow Diagram of Study Implementation Activity
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The analysis of the economic impacts of gas development projects (upstream) and utilization of 
gas energy for domestic interest (downstream) in the Eastern Indonesian Region is illustrated as 
follows. Overall, this study covers techno-economic aspects of the upstream and downstream 
sectors in three industries (power plant, fertilizer, and petrochemical) and the economic impacts 
of these developments on the Eastern Indonesian Region and the nation. The economic impact 
analysis was performed using IRIO (Interregional Input-Output) model of 2010 developed by 
BAPPENAS.6 IRIO is an IO model that analyses inter-sectoral and inter-regional linkages.

The techno-economy study consists of stages of two sub-groups, namely (1) techno-economic 
analysis, and (2) economic impact analysis. The techno-economic study comprises: (A) Mapping 
potential demands for power plants, fertilizers, and petrochemicals around the location of the 
Tangguh, Masela, and Kasuri blocks; (B) Performing analysis and calculation of gas energy 
utilization of Tangguh, Masela, and Kasuri blocks; (C) Analysing and designing the development 
of power plant, fertilizer, and petrochemical industries in Maluku and Papua; and (D) Arranging the 
analysis results of technical design, investment requirements, operational costs, and estimated 
final demand. Fig. 2 shows a framework of thinking for the economic impact analysis.

National Economy
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Eastern Indonesia Region: 
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Increased Investment, Gas Production and Utilization
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Increase 
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Papua Barat and 
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Policy Conclusions and Recommendations

Natural Gas Development Project:
Tangguh Train 3, Kasuri, and Masela

Figure 2. Thinking Framework for Economic Impact Analysis

Meanwhile the analysis of economic impact covers the following: (A) Creating an IRIO data 
aggregation on the basis of six (6) regions and four (4) provinces in Eastern Indonesian Region; (B) 
Analysing IRIO 2010 data by conducting a summary of IRIO data as required, such as calculating 
multiplier effects, forward and backward linkage numbers, inter-province goods and service flows, 
between regions but within Eastern Indonesian Region and between provinces within Eastern 
Indonesian Region and outside of Eastern Indonesian Region; (C) Creating simulation scenarios 
for an economic impact analysis; (D) Preparing the matrix of Leontief technology, reversed matrix 
(multiplier matrix), and calculating or estimating the economic impact of the development and 
utilization of upstream and downstream natural gas at Eastern Indonesian Region, both at regional 
and national levels; and (E) Performing an interpretation or analysis of the economic impact.
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In this study, the IRIO’s baseline data to be used are those already drawn up by Bappenas in 
2015, in the form of Indonesian IRIO table in 2010 consisting of 35 sectors and 33 provinces. 
As the focus of this study is to investigate the impacts of gas development and gas energy 
utilization projects in the Eastern Indonesian Region, which includes Maluku, North Maluku, 
West Papua and Papua provinces, the IRIO data will be modified into 9 areas: 1) Sumatera 
Island (10 provinces combined); 2) Java Island (5 provinces combined); 3) Kalimantan Island (4 
provinces combined); 4) Sulawesi Island (6 provinces combined); 5) Bali Island - Nusa Tenggara 
(3 provinces combined); 6) Maluku Province; 7) North Maluku Province; 8) West Papua Province 
and 9) Papua Province. However, the number of sectors remains similar to that of the basic 
data on the IRIO Table in 2010, which is thirty-five (35). This study will use the condition of the 
national economy in 2010 as an illustration of the condition of the relationships between one 
sector and others and between regions with other regions, which is assumed to remain in the 
period of analysis, i.e., 2016 to 2035. This is so far the best effort that can be done regarding the 
implementation of this study due to the limited availability of the existing data and also generally 
to the relationship between one sector and other sectors and between one region with other 
regions in the IRIO Table, which generally remain significantly unchanged within a medium term 
(10 years). The IRIO table also generates backward and forward linkages. The sectors directly 
related to the upstream development projects and the downstream development of natural gas 
industry are, among others, (a) oil, gas, and geothermal mining sectors; (b) oil (and natural gas) 
refinery sector; (c) fertilizer and petrochemical industry sectors; and (d) electricity, gas and water 
sector. 

The 2010 condition showed that the oil and gas mining as well as natural gas sectors, were 
apparent only in Maluku and West Papua provinces, and the oil (and natural gas) refining sectors 
only in West Papua province. Meanwhile, the fertilizer industry and petrochemical industry were 
apparent only in the Maluku province. The sectors of electricity, gas, and clean fresh water have 
relatively developed in all of the provinces of the Eastern Indonesian Region, especially North 
Maluku and West Papua. These are indicated by the values of the forward linkage which are 
greater than their backward linkage. The sectors of oil (and natural gas) refinery and fertilizer 
industry sector as well as petrochemicals, have a greater value of backward linkage than the 
forward linkage within the Eastern Indonesian Region; this indicates that the downstream of both 
sectors did not developed in 2010.  

Scenarios Development Using IRIO
The scope of the economic impact analysis of gas energy utilization in the Eastern Indonesian 
Region can be further detailed as follows: (a) The natural gas development projects whose 
economic impacts have been analysed are Tangguh Train 3 (West Papua), Kasuri Block (West 
Papua) and Masela Block (Maluku); (b) Utilization of natural gas for domestic use: Fertilizer 
Industry, Petrochemical Industry and Gas Power Plant (PLTG) in West Papua Province and 
Maluku Province; (c) Analysis of economic impacts on the economy of Maluku Province, North 
Maluku Province, West Papua Province, Papua Province, Eastern Indonesia Area (4 Provinces 
combined), other 5 regions/islands (Sumatra Island, Java Island, Kalimantan Island, Sulawesi 
Island, and Bali-Nustra islands), and the national economy; (d) Impact analysis is conducted for 
the next 20 years (2016-2035), covering pre-construction, construction and operational times 
for each project/activity; (e) Economic impact indicators are analysed in accordance with the 
IRIO Model capability, which are: output, gross added value (NTB) or GRDP, household income 
(community) and workers, and other indicators that are the derivative indicators of these four 
indicators of economic impact.

There are six (6) scenarios made regarding the economic impact analysis of gas energy 
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utilization in the Eastern Indonesian Region: (1) Baseline scenario (Business as Usual - BAU) 
(SIM0): without any natural gas development project or domestic natural gas utilization in Eastern 
Indonesian Region; (2) Natural Gas Development scenario (SIM1): with natural gas development 
projects (Tangguh Train 3, Kasuri, and Masela), and utilization similar to that of BAU (upstream 
development); (3) Natural Gas Development and Domestic Natural Gas Utilization for electricity 
in Eastern Indonesian Region (SIM2) scenario; (4) Natural Gas Development and Utilization of 
domestic natural gas for electricity and fertilizer industry in Eastern Indonesian Region (SIM3) 
scenario; (5) Natural Gas Development and Utilization of domestic natural gas for electricity 
and petrochemical industry in Eastern Indonesian Region (SIM4) scenario; and (6) Natural 
Gas Development and Utilization of domestic natural gas for electricity, fertilizer industry and 
petrochemical industry in Eastern Indonesian Region (SIM5) scenario.

Some basic assumptions used to construct baseline scenarios (BAU or SIM0) include: (A) 
Projection of the population according to BPS population projection data by province for the years 
2016-2035; (B) Total work force according to the average proportion of the population during 
2010-2015 for each region; (C) The number of employment and unemployment according to 
the average in 2010-2015; (D) The PDRB of the Constant Price grows with the pattern of that of 
2015; (E) PDRB of Applicable Price is calculated by using inflation assumption (inflatoir of PDRB 
Deflator) by region; and (F) Output and people’s income are assumed to be equal to its proportion 
against Gross Added Value (NTB) as in IRIO 2010 table.

Types and Sources of  Data Required
The types and sources of data needed to analyze the economic impacts of gas development 
projects (upstream) and utilization of gas energy for domestic purposes (downstream) in Eastern 
Indonesian Region are summarized in Table 2.

Table 2. Types and Sources of Data Required

No. Data Type Source Information

1 Table of National Input Output  BPS Pusat7 Year 2010 (185 Sectors) 

2 Table of Inter-Regional Input Output 
(IRIO) Indonesia 

Bappenas6 Year 2010 (35 Sectors x 33 Provinces) 

3 GDP of Indonesia BPS Pusat7 Years 2000-2015 

4 PDRB of Provinces BPS Pusat7 Years 2000-2015 

5 Population and Workers: Total and 
by national Sector 

BPS Pusat7 Years 2000-2015  

6 Investment Plan for Natural Gas 
Development Projects 

SKK Migas8 Tangguh Train 3, Kasuri and Masela 

7 Fertilizer Industry investment plan SKK Migas9, Lemigas, and 
Kemenperin 

Estimated from years 2016-2035

8 Petrochemical Industry Investment 
Plan 

SKK Migas9, Lemigas, and 
Kemenperin 

Estimated from years 2016-2035 

9  Investment Plan for Gasoline Pow-
er Station 

SKK Migas10, Lemigas, and 
PLN 

Estimated from years 2016-2035

10 Production, Domestic Utilization 
and Domestic Gas Prices

SKK Migas11, Lemigas, and 
Ministry of ESDM 

Years 2010-2015 and the projection 
will be until 2035 
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3. Results and Discussion
Development Scenarios
There are six predefined simulation scenarios, which cover conditions of business as usual, with 
only upstream projects, upstream projects with power stations, and those with added fertilizer 
industry and/or petrochemicals. In the discussion of each simulation scenario, shock values 
are generated, comprising investment shock, operating cost and consumption. The shocks 
are divided into 9 locations of shock sources and divided again by their relevant sectors. The 
economic impact analysis is done by arranging six simulation scenarios, taking into consideration 
production capacity and gas allocation, gas selling price, and gas required to produce optimum 
projects with constant productions. The gas needs for the projects are fulfilled by Tangguh LNG 
Train 3, Onshore LNG Masela Development and Kasuri Block (Table 3).

Table 3. Simulation scenarios of Opportunities for Gas Energy Utilization of Eastern Indonesian 
Region

Simulation (SIM) Project

Simulation 0 (SIM0) With Oil and Gas Project

Simulation 1 (SIM1) Oil and Gas Upstream Project 

Simulation 2 (SIM2) SIM1 + Electricity Power Plant

Simulation 3 (SIM3) SIM2 + Fertilizer Industry

Simulation 4 (SIM4) SIM2 + Petrochemical Industry

Simulation 5 (SIM5) SIM2 + Fertilizer Industry and Petrochemicals

Shock Data Processing Results
The summary of the shock data processing result is the sum of the investment shock, operation 
shock, and consumption shock, starting from the upstream with three projects involved, namely 
Tangguh LNG Train 3, LNG Masela Onshore, and Kasuri Block, and from the downstream, i.e., the 
generation in East Indonesia Region as well as the development of fertilizer and/or petrochemical 
industries. They are grouped by the locations of study, which comprise nine regions. Grouping by 
region guarantees an easier next stage of data input on the model of economic impact analysis. 

With the Onshore Masela LNG plan to start its operation in 2024, the contribution of the Maluku 
shock increases significantly in that year, for the next two years, reaches the plateau in 2027. 
The magnitude of the consumption shock consists of the shock of LNG products marketed both 
export and domestic as the petroleum refining sector and coupled with the shock of the value of 
resources entering the oil and gas mining sector. The total shock of Maluku on SIM1 during the 
period of 2016-2035 reaches Rp.810.6 trillion, equivalent to 52% of the total shock value of SIM1. 
The portion rises by 3% to 56.5% on SIM4 where the inclusion of generation and petrochemical 
industry leads to the addition of shock value of Rp. 1.015.8 trillion (Fig. 3).
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Figure 3. Summary of Shocks SIM1 up to SIM5 in Maluku Region

Interestingly, it can be seen from the trend of shock value in North Maluku Province, the 
contribution of the upstream project development only gives a shock value to the province an 
amount below Rp. 5.3 trillion. The bigger impact, and from the beginning, it can be obviously 
felt, is the development of massive electricity in the Eastern Indonesia Region. A direct, sharp 
increase occurs in the year 2017 with a shock value of Rp. 1.4 trillion; such a value includes an 
investment cost of at least 50 MW. In North Maluku alone the total electricity demand reaches 230 
MW starting in 2023. The existence of fertilizer and petrochemical industry does not significantly 
increase the shock value from SIM2 to the next simulation; its added value is around Rp. 1.0 
trillion in the fertilizer industry and Rp. 4.6-5.0 trillion if the one built is a petrochemical industry 
area. Similar to that in the Province of Maluku, the contribution from North Maluku is apparent 
during the Onshore LNG Masela operation; this is shown by the consistent addition of Rp. 273 
billion during the period of 2024-2025 (Fig. 4). 
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Figure 4. Summary of Shocks of SIM1 up to SIM5 in the North Maluku Region

In 2019 it is expected that Tangguh LNG Train 3 will be fully operational with 600 MMSCFD net 
gas and 3.8 MTPA LNG production capacity.9 When viewed only from the value of the investment 
shock alone, the contribution of West Papua Province is not as high as that of the island of Java. 
For example, in the period of 2016-2018, i.e., the development period, the shock of Java has 
reached Rp. 31.7 trillion, but the shock of West Papua is only around Rp. 9.0 trillion. Similar 
to Maluku, West Papua’s biggest shock is from operation shock and consumption shock. The 
total shock value of West Papua is only from the upstream project, which reaches a mere of Rp. 
555.4 trillion; the value is 66% in the petroleum refining sector, and the remaining 34% goes to 
the oil, gas and geothermal mining sectors. The spike occurring in 2022 or 2023 is due to the 
gas pipeline project for the fertilizer or petrochemical industrial needs in Bintuni Bay (Figure 10). 
SIM4 and 5 indeed coincide in SIM5, and especially for Bintuni building a fertilizer industry is not 
recommended.

The added value of SIM2 where West Papua Province is planned to increase its installed electricity 
capacity to reach 210 MW, giving a total shock value to Rp. 609.8 trillion. In SIM3 by adding 
shock value to the development of fertilizer industry in Bintuni Bay, the total shock value again 
increases to Rp. 823.3 trillion. Large inventions and large added values to the fertilizer industry 
can contribute to raising the total shock value to Rp. 974.6 trillion (Fig. 5).

The trend of shock values in Papua Province is identical with that in North Maluku Province; the 
contribution on the upstream side is limited to the shock of the operating cost, in which there are 
other service contributions from Papua Province at the time of upstream project of Rp. 200 billion 
per year. The greatest shock is given by the investment value of the power plant infrastructure 
development in 2023 which reaches 315 MW and the greatest need among the other East 
Indonesia Regions. The total shock of investment, operation, and consumption of Papua Province 
is given by SIM4 with a value of Rp. 84.8 trillion, and an annual value above Rp. 5 trillion is 
obtained in the period of 2026-2035 (Fig. 6).
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Figure 6. Summary of Shock SIM1 up to SIM5 in the Papua Region

Results of  Economic Impact
Prior to the delivery of the results and discussions of the economic impacts of gas energy 
utilization in the Eastern Indonesian Region presented first are basic assumptions, backward and 
forward linkage values, and multiplier values of the sectors related to natural gases in the Eastern 
Indonesian Region.

Some of the basic assumptions used in this study are:

1. The projection of population is based on the data from BPS population projection by 
province for the years 2016-20357.

2. The workforce is assumed for all formal and non-formal workers attributed to the 
gas industry. The number of employment and unemployment follows the average in 
2010-2015

3. PDRB Applicable Price is calculated by using inflation assumption (inflatable from 
PDRB Deflator) by region of IRIO Model used according to input-output (technology 
matrix) 2010 in which year oil, gas, and geothermal sector were covered in one sector, 
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i.e., sector 7 and sector 9 which included oil and gas refineries and LNG refineries
4. The approach used is demand side.
5. Output and community’s income are assumed to be equal to the proportion of the 

Gross Added Value (NTB) in IRIO Table 2010
6. The LNG price shall be adjusted to the PoD of Masela, i.e.,, the formula for exports, 

which is set at 13% and for domestic LNG 11% of the oil price (set at 70 US $/bbl), 
while for the gas pipeline at 6 US $/mmbtu.

7. The gas production profile of Tangguh and Kasuri is prioritized for petrochemical 
industry amounting to 90 MMSCFD each (flat), hence the allocation of LNG for export 
decreases. The assumption in the WP&B 2017 is 55% for goods and 60% for service.

A. Impacts on Eastern Indonesian Region Economy

The impact of upstream and downstream developments of natural gas on the economy will be 
increasingly significant in percentage in the economy of smaller regions than that in the national 
territory. The provinces in Eastern Indonesian Region represent the location where about 90 
percent of the final demand change (increase) occurs as a result of the upstream and downstream 
development of natural gas in this study. In its peak condition (SIM4 and year 2025) as can be 
seen in Fig. 7, the GRDP in the Eastern Indonesian Region generally experiences an increase of 
about 19 percent of the BAU conditions and the income of the people in the Eastern Indonesian 
Region may also increase by about 20 percent from BAU. The employment absorption, on the 
other hand, has increased by almost 55 percent of the BAU conditions to its peak position, which 
is predicted to occur in 2026 for SIM4. This is certainly very significant for the improvement of the 
economy in the Eastern Indonesian Region.  

Figure 7. Impact of GDP Improvement in Eastern Indonesia Region against BAU (SIM0) by 
Simulation of Years 2016-2035 (in Percentage)

Decreases of contribution in the form of added value (GRDP) and community’s income (Fig. 8) 
regarding the BAU condition that occurs in 2026 and the contribution in the form of employment 
(Fig. 9) regarding the BAU condition that occurs in 2027 in various simulations due to the decrease 
of gas production in Tangguh Train 3 and Kasuri, certainly need to be anticipated, especially by 
the Local Government. Anticipation can be done through investments in human resources (HR), 
investments in other sectors of the economy besides natural gas, or even developments of new 
upstream gas projects in each region, especially West Papua Province. This can be done by 
allocating some portion of the allotted Profit Sharing Fund (DBH) of Natural Gas obtained from the 
upstream gas development project, either Masela, Tangguh Train 3 or Kasuri.
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Figure 8. Impact of Increasing Community Income in Eastern Indonesia Region against BAU 
(SIM0) According to Simulation Years 2016-2035 (in Percentage)

Figure 9. Impact of Increased Employment in Eastern Indonesia Region Relative to BAU (SIM0) 
by Simulation of Years 2016-2035 (in Percentage)

B. Impact on the Economy of Maluku Province

From the previous explanation, about 54 to 60 percent increases in the final demand of various 
simulations in the upstream and downstream developments of gas in this study take place in 
Maluku Province. Therefore, both regarding value and percentage, the largest impact for the 
provinces in the Eastern Indonesian Region occurs in Maluku Province, either in the increase 
of added value (GRDP), community’s incomes, or employment.12,13 In term of value, the GRDP, 
the income of the people and the employment resulting from the upstream and downstream 
developments of gas in Maluku Province, it is estimated that they will increase from time to time 
until 2035. This is due to the gas production in the Masela block that is predicted to remain stable 
from 2026 to 2035. This will certainly result in different patterns of impact of the values that 
occur in Maluku Province from those in other provinces in Indonesia, particularly in the Eastern 
Indonesian Region.  



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 145

Figure 10. Impact of Increasing GDP of Maluku Province According to Simulations of BAU 
(SIM0) Years 2016-2035 (in Percentage)

From BAU (SIM0) condition of each prevailing year, however, the percentage of the value added 
contribution (Fig. 10), community’s income (Fig. 11), and employment (Fig. 12), experience 
decreases. At its peak condition (SIM4 and 2025), the upstream and downstream development of 
natural gas could have an increase in GRDP of about 67% of that of BAU (SIM0) condition, and 
the community’s income an increase by 54%. The rate of employment in Maluku Province, on the 
other hand, can reach more than 100 percent of that of BAU (SIM0) condition, which is possible 
to occur when there is a development of fertilizer industry or petrochemical industry (or both). 
This is expected to occur in Maluku Province starting in 2024 (for SIM3, SIM4, and SIM5). With 
the same pattern as in the Eastern Indonesian Region in general, the Provincial Government of 
Maluku would anticipate decreases in the contribution (in percentage relative to BAU (SIM0) that 
occurred since 2026 for the contributions to the GRDP and community’s income, and since 2027 
the contributions to employment.

Figure 11. Impact of Increasing Income in Maluku Province According to Simulations of BAU 
(SIM0) Years 2016-2035 (in Percentage)
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Figure 12. Impact of Increasing Employment in Maluku Province According to Simulations of 
BAU (SIM0) Years 2016-2035 (in Percentage)

From the simulation results above it can be concluded that the impact of upstream natural gas 
development and utilization of natural gas in Eastern Indonesian Region, measured by the 
percentage of the increase from BAU, significantly increase at the beginning, especially at the 
start of the project development and the peak of production. The highest percentage increases 
occur in around 2025 and 2026, after which the increases of the impact percentage begin to 
decline drastically, especially for the PDRB and the community’s income. As for the increases in 
employment, on the other hand, the decline occurs slowly. Significant decreases in the increasing 
impacts after 2025/2026 need to be anticipated by the government by developing or performing 
transformations in other sectors to avoid resource curse. Through transformations in other sectors, 
the economic growth in Eastern Indonesian Region will be maintained and/or increase faster. 
Mitigation against the possibility of a decline in the economy can also be done by continuously 
investing in the oil and gas sector.

C. Impact on the Economy of West Papua Province

West Papua province is the second largest province in the Eastern Indonesian Region which is 
getting a demand increase after the Province of Maluku; this province is the location of upstream 
and downstream developments of natural gas of Tangguh Train 3 and Kasuri. The impact in the 
form of values, of GRDP, incomes, and employment in West Papua province occurs in 2027 
and begins to decline since 2028. The pattern of the impacts is similar to that of the national 
economy and the economy of the Eastern Indonesian Region. This indicates that the decline in 
gas production from Tangguh Train 3 and Kasuri since 2028 becomes the factor affecting the 
pattern of impact, in general, both at the national and regional Eastern Indonesian Region. 

In peak condition by value (SIM4 and year 2027), the upstream and downstream developments 
of the natural gas in Eastern Indonesian Region have an impact on the increase of the PDRB of 
West Papua Province by about 33 percent (Fig. 13), community’s income by 20 percent  (Fig. 14) 
and employment by above 100 percent of the BAU SIM0) condition (Fig. 15). The largest increase 
of the GRDP and the income of the people of West Papua Province relative to the condition of 
BAU (SIM0) occurs in 2020 in which the contribution can reach 42 percent for the PDRB (SIM3, 



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 147

SIM4 and, SIM5) and 32 percent of the community income (SIM3, SIM4, and SIM5). Employment 
rate reaching more than 100 percent of that of BAU (SIM0) condition in West Papua Province 
occurs in SIM4 and SIM5 it is predicted to occur in 2022 until 2027. It indicates that the impact 
contribution decreases from the natural gas upstream and downstream development in West 
Papua Province needs more immediate anticipation than that in Maluku Province.

Figure 13. Impact of GDP Improvement of West Papua Province According to Simulations of 
BAU (SIM0) Years 2016-2035 (in Percentage)

Figure 14. Impact of Increase in Community’s Income of West Papua Province According to 
Simulations relative to BAU (SIM0) in years 2016-2035 (in Percentage)
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Figure 15. Impact of Employment Increase of West Papua Province According to Simulations 
relative to BAU (SIM0) in years 2016-2035 (in Percentage) 

4. Conclusions
Based on results of the techno-economic analysis and the economic impact analysis from 
the upstream gas development at Tangguh, Kasuri, and Masela, and the development of the 
upstream sectors of electricity, fertilizer, and petrochemicals in Eastern Indonesia Region, it can 
be concluded that: 

1. The final demands increase drastically in 2018 and 2019 due to investments in the 
construction of upstream and downstream sectors of natural gas and in 2024 and 
2025 which occur due to the commencement of the gas production at the upstream 
and also the utilization of gas energy in the Eastern Indonesian Region. The impact on 
the national economy is indicated by the gross added values (NTB or GDP), increases 
in the community’s income and employment. The national impact is relatively small, 
i.e., 0.5%, while in the Eastern Indonesian Region area reaching 20%.

2. The impact of the upstream and downstream development of natural gas on the 
Eastern Indonesian Region economy is significant because most of the final demand 
changes occur in the Eastern Indonesian Region (about 90%), especially in term of 
its output value. In general, SIM4 gives a slightly higher impact than SIM5, and both 
have a far greater impact than other scenarios.

3. The greatest impact occurs on SIM4 and SIM5 where GRDP in the Eastern 
Indonesian Region in general, can experience an increase of about 19 percent of the 
BAU conditions and the community’s income in the Eastern Indonesian Region can 
also increase by about 20 percent from that of BAU.

4. The absorption of manpower (employment) in the Eastern Indonesian Region 
increases by almost 55 percent of BAU conditions to its peak position, which is 
predicted to occur in 2026.  

5. For provinces in Eastern Indonesian Region, the greatest impact of upstream and 
downstream development occurs in Maluku Province (54 - 60%). The increase of 
GDP of Maluku Province reaches 67 percent and the increase of people’s income 
reaches 54 percent when compared to that of BAU scenario that occurs in the year 
2025. The impact in the form of increasing employment is also quite high, i.e., an 
increase of 150 percent when compared to that of BAU

6. The analysis results show that not all natural gas-related sectors have been developed 
in the Eastern Indonesian Region, except for electricity, gas, and water.

7. The profile of the economic impact in West Papua Province is that the highest point of 
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the increase of GRDP occurs in the year 2019 amounting to 39.7 percent, community’s 
income to 32 percent (2020), and West Papua’s employment an increase to 107 
percent in 2024.
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Abstract. For so many times, Far East Asian liquid natural gas (LNG) buyers using price 
linked to crude oil-indexed, now they need to find other alternative pricing formula for their 
crucial energy supply. As they need to find a better price structure that could reflect the 
market. LNG spot price, are expected to be the pillar for the future LNG trading especially for 
Far East Asia Market. As the less and less long term contract is signed in the Far East Asia 
Market, this creates an additional demand for the LNG in spot market, while it raises some 
issues about the presence of different LNG pricing mechanisms. Most of the LNG spot prices 
in Asia are indexed to the relatively low natural gas prices in Atlantic Basin. Furthermore, the 
advancement of drilling technology in the US drives down its natural gas prices, resulting price 
discrepancies between Asian LNG spot and East Asian LNG prices. This study investigates 
whether there is a price linkage between Asian LNG spot and East Asian LNG prices. Johansen 
co-integration tests were carried out to examine the existence of long run relationship on the 
spot, Japanese and South Korean LNG prices. The Augmented Dickey-Fuller (ADF), Phillip-
Perron (PP), and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) unit root tests were conducted 
first before proceeding to the co-integration tests. The results showed that Asian LNG spot 
prices did not have price linkage for monthly averages of Japanese and South Korean LNG 
prices. The analyses also indicated that Taiwan LNG markets move together with Asian LNG 
spot markets. As a conclusion, the results inferred supply dependency on LNG spot cargoes 
governed the price linkage among these Asian LNG markets. The use of gas indexed LNG 
price mechanism did not reflect the economic fundamentals in Asia-Pacific Basin.
Keywords: Price Linkage; Unit root tests; Far East Asian LNG spot prices; LNG Spot and 
Short-term cargoes; Long-term contracts; Spot prices.

1. Introduction and Background
For many decades, energy is on of the main issue for almost all of the countries in the world. For 
a country that has abundant supply of energy the main concern is how to sell the energy at the 
appropriate price, while for the buyer country is how to buy energy supply at the lowest price. 
International Gas Union (IGU) in their 2010 report state the imbalance between energy supply 
and demand situations made energy projection and policy crucial to be a significant factor for a 
country’s long run strategy. According to International Energy Agency (IEA) projection in World 
Energy Outlook 2014 there will be a strong increase in energy demand over the coming decades. 
As a result of the strong increase energy demand, the world nowadays is trying to diversify their 
energy need from fossil fuel based to more environmental friendly coming from renewable energy 
such as solar, hydro or wind power. 

In relation to the energy diversification, many of the experts believe gas plays important roles as 
the transition energy from fossil fuel to renewable energy. BP’s energy outlook (2013) states that 
natural gas is the fastest growing fossil fuel and its worldwide consumption increases at an annual 
rate of 2%. The Far East Asian region (Japan, Korea and Taiwan) is the biggest gas importer in 
the world. As a result, it is likely to say that almost of the LNG producer nowadays is trying to sell 
their production to country within Far East Asia Region. As in 2012, United States’ role in the gas 
market has changed from consumer to producer country, that means Far East Asia Region will 
play more important roles as consumer in the future. Certainly the main concern for this region is 
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how to buy an optimize LNG price from producer.

Figure 1. Global LNG Demand Overview

In the Asia-Pacific markets consist of two pricing mechanisms: the long-term LNG contract and 
the spot LNG pricing. The long-term contract mechanism use the crude oil indexation in its pricing 
formula, whereas, spot LNG pricing use the gas hub price indexation. LNG long-term contact has 
been the backbone of LNG trade in Asia for years. It gives certain degree of securities to both 
buyers and sellers. Conversely, spot LNG pricing is still at a nascent stage in this region. There is 
not a fixed structure how to establish these spot prices.

In complement to LNG long-term contract purchases in Asia, over the past decade, the demand 
for spot LNG trades have grown significantly. This case, of course, raises some concerns for the 
LNG players in the region, because there is no gas trading hub in Asia, hence, the fairness and 
transparency of LNG spot prices are difficult to be justified. When the LNG buyers in Asia procure 
the spot cargoes from Atlantic Basin, they often use National Balancing Point (NBP - a gas hub 
in the UK), or Henry Hub (HH - a gas hub in the US) gas prices as their price references plus 
additional costs, such as transportation costs.

Over the past years, there are some major events which have profound effects on the evolution of 
Asian LNG spot prices. Globally, there is an increase of crude oil prices due to a strong and sustained 
demand from developing countries in the mid of depletion of this non-renewable resources in a 
reachable area. Exploration companies need to go to offshore deepwater, for example, to meet 
the strong fossil fuel demands. Therefore, the Asian LNG spot prices increase to the level of 
mature Far East Asian LNG prices, governed by majority of long-term contracts. Furthermore, 
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the breakthrough shale gas revolution in the US changes the global scene by creating a huge 
downward pressure to HH gas prices. The US succeeds to increase its hydrocarbon productions 
by exploiting the shale formations. This situation encourages many LNG industry players to mull 
an alternative LNG pricing Mechanism.

Meanwhile, the global LNG outlook was exacerbated by demand shock in Asia. Japan needs to 
secure additional LNG shipments after the wake of Fukushima earthquake in 2011, whereas, its 
neighbouring countries keep searching for additional supplies to meet their domestic natural gas 
demands. Since most of LNG producing countries were already bound to long-term contracts with 
several LNG buyers in Asia, there was not enough capacity for the suppliers in the area to meet 
the surging demands. As Japan and the rest of LNG buyers in Asia wanted to have additional 
purchases on top of their existing supplies, they began to find the LNG cargoes from other countries 
outside Asia-Pacific Basin. Because the nature of the LNG purchase is to complement the existing 
supplies, some of these Asian countries engaged in spot or short-term LNG contract prices. In 
most cases, they need to pay premium prices to buy these LNG shipments. This situation leads 
to a huge spot price discrepancy between Asia-Pacific and Atlantic Basins. This, thus, created an 
arbitrage opportunity to sell the spot cargoes from other LNG markets.

Discussions about creating natural gas trading hub in Asia have been touted by many LNG 
players because there is an urgent need to reformulate the long-standing crude oil indexation 
in the long-term LNG contract pricing mechanisms. Furthermore, spot trading methodology is 
preferred because it reflects the supply and demand fundamentals in the region. However, it is 
important to note that having spot gas or hub prices will not guarantee a cheaper price to procure 
LNG cargoes.

In the current issue, the premium of Asian LNG spot prices can also be viewed as a response 
to the high prices resulting from the existence of long-term contracts and somewhat region’s 
supply and demand fundamentals for the additional supplies. The construction of Asian LNG 
spot prices is to some extent derived from the prevailing Asian LNG prices, which are governed 
mostly by crude oil price indexation in the long-term contracts. Theoretically, rational sellers will 
not give lower prices than the prevailing market prices in the region when the demands are 
tight. Moreover, a price discount appears when the demand has receded, which can usually be 
observed during summer.

It is, therefore, interesting to investigate the presence of price linkages between Asian LNG spot 
and Far East Asian LNG prices. If a price linkage is found for particular countries, it could imply that 
those countries can use the LNG spot price as reference price during their price discovery process 
when purchasing the LNG. Furthermore, it could mean that there is LNG market integration to 
some extent between Asia-Pacific and Atlantic Basins as well, because most Asian LNG spot 
prices are derived from gas hubs in the Atlantic Basin. On the other hand, if these Asian LNG 
prices move independently, their price discovery process is not influenced by the LNG spot price. 
Nevertheless, the fact that Asian LNG spot prices are high could be due to the lack of liquidity and 
transparency in Asian LNG markets.

2. Literature Review
There have been many research papers about the investigation of co-movement of economic 
variables by applying time series analysis techniques. Aruga (2013) investigated the price 
linkage between Japanese natural gas prices and other international natural gas prices, i.e. 
US and European. Furthermore, Maggiora and Skerman (2009) investigated the co-integration 
relationships between 4 specified European stock markets and the American stock markets. 
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Lastly, Argenton (2012) examined the statistical relationship between prices of imported LNG in 
Japan and crude oil prices. In those previous studies, the authors used a common methodology 
which is called co-integration analysis to understand the behaviour of the economic variables in 
the long-term.

Furthermore, many papers have been dedicated to this price long-run relationship topic, particularly 
in the energy industry. Asche, Gjolberg, & Volker (2003) discovered long-run relationship between 
crude oil and refined oil products in the UK market, from their monthly price data between 1995 
and 1998. Bachmeier, & Griffin (2006) found a weak price linkage prevailed among the crude 
oil, coal, and natural gas markets, as these type of energy sources were not categorized as 
one economic market. Finally, Hartley, Medlock, & Rosthal (2008) found the presence of co-
movement between natural gas and petroleum markets in the long-run in the US, and identified 
that this relationship could be affected by weather, inventories, and hurricanes in the short-run.

Spot LNG trading in the Asian region is growing at a significant rate and it is becoming more and 
more important to find out how the Asian LNG spot price is linked with the Far East Asian LNG 
prices. However, at the moment, there are no studies examining the price linkages for the Far 
Asian LNG markets. This paper will fill this gap and investigate the price linkages among the Asian 
LNG spot and Far East Asian LNG markets. I believe this study will give a better understanding 
about the dynamics of Asian LNG spot prices towards major LNG consuming countries in the Far 
East Asian region.

3. Data and Methodology

3.1 Data Collection
To proceed with this study, the monthly average Asian LNG prices were used, namely Japanese, 
South Korean and Taiwanese LNG prices, and Asian LNG spot prices, with a time period from 
January 2010 to July 2017, and comprehends 91 observations are collected. All the data gathered 
from IHS Markit Publication on Gas and LNG Prices.

Table 1. Data Collection Method 

Variables Description Source Periodicity Unit of 
Measurement

AsianSpot Asian LNG Spot Price IHS Markit Monthly US$/MMBTU
JapanLNG Japan LNG Price IHS Markit Monthly US$/MMBTU
SouthKoreaLNG South Korea LNG Price IHS Markit Monthly US$/MMBTU
TaiwanLNG Taiwan LNG Price IHS Markit Monthly US$/MMBTU

In most time series analysis, the data are usually converted to the logs of the data to analyse 
the relationships between macroeconomic or price variables. Utilizing logged variables would 
help the residuals to have a more normal distribution. However, the objective of this study is to 
empirically investigate the underlying parameters of contracts that are specified in levels, not an 
economic relationship. Having logged variables in the analysis would eliminate some long-run 
information present, (Argenton, 2012).

3.2 Methodology
Co-integration test is a statistical technique which is able to determine the existence of co-
movement among historical economic variables. There are many co-integration techniques 
have been proposed in the past. Ssekuma (2011) made a comparison study of co-integration 
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methods, i.e. the Engle-Granger method (Engle & Granger, 1987); the Phillips-Ouliaris residual-
based tests, for the variance ratio and multivariate trace statistic (Phillips-Ouliaris, 1988); and 
lastly, the Johansen’s procedure in which, rather than utilizing the Ordinary Least Squares (OLS) 
procedures, he establishes cointegrated variables directly on maximum likelihood estimation 
(Johansen and Juselius, 1988).

Although many research papers have used the Engle and Granger test to investigate the price 
linkage (Goodwin & Schroeder, 1991), however, Johansen co-integration test is used in this study. 
It is due to the Johansen co-integration test has more advantageous, such as, more efficient in 
investigating the economic variables as endogenous in the model, and thus, more handy in a 
multivariate framework, (Aruga & Managi, 2011). Furthermore, Johansen test is superior over the 
Engle and Granger test in a bivariate co-integration framework, because Gaussian errors are not 
required in the Johansen co-integration test, (Darrat, 1998).

A brief theoretical explanation about Johansen co-integration test, (Aruga & Managi, 2011), will 
be presented here.

Let 𝑌𝑡 be the 𝑛 ×1 vector of the non-stationary variables and k be the order of the vector 
autoregressive process. Then, the vector autoregressive model used for the Johansen co-
integration test is denoted as follows:

𝑌𝑡=ΣΠ𝑖𝑌𝑡−𝑖𝑘𝑖=1+ Φ𝐷𝑡+𝜀𝑡

Where 𝑌𝑡 are the endogenous variables of interest (prices of the energy sources), Π𝑖 is a 𝑛 ×𝑛 
matrix of parameters, Φ is a coefficient parameter, 𝐷𝑡 is a deterministic term that includes a 
constant and a linear time trend, and 𝜀𝑡 denotes a normally distributed n-dimensional white noise 
process. Converting this model into the error correction model leads to:

Δ𝑌𝑡= Π𝑌𝑡−1+ΣΓ𝑖Δ𝑌𝑡−1𝑘−1𝑖=1+Φ𝐷𝑡+𝜀𝑡

Positive characteristic roots, which is called the eigenvalue. Using this eigenvalue, the trace and 
maximum eigenvalue tests are performed among the price series.

3.3 Unit Root Testing
But before conducting the Co-integration test, the determinant factors have to be verified for their 
stationaries. A stationary time series is a situation when the mean of a particular series of data 
does not vary significantly in a certain period. In this case, the series fluctuates around the mean 
value. And it can explain that the data is in the end stationary and lead to meaningful interpretation 
results. In contrary Kilian and Murphy (2014) incorrectly differencing a variable would cause the 
impulse response estimates to be inconsistent. For the purpose of this study the model is in levels 
although not all variables are stationary. 

The unit root testing should be showed to make sure the variables are integrated in the same 
order. As there are several unit root techniques, for the purpose of this study researcher will use 
three common unit root testing (URT) which is the Augmented Dickey-Fuller (ADF), the Philipps-
Perron (PP) and the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test.

4. Results
The results are discussed in two parts: quantitative discussion and qualitative discussion. 
The former explains the results of the econometric tests, and the latter provides some factual 
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arguments to corroborate the conclusion.

4.1 Quantitative Discussion

4.3.1 Unit Root Tests
To decide whether the price variables have unit root or not, the t-statistic figures of each test will 
be compared to its corresponding 5 percent t-critical value. If t-statistic is more than t-critical, then 
the Null Hypothesis can be rejected. The results of both t-statistic and 5 percent t-critical values 
for Level series are provided on table 2. Furthermore the results of both t-statistic and 5 percent 
t-critical values for First Difference series are displayed on table 3.

Table 2. t-statistic values for Level series

Table 3. t-statistic values for First Difference series

To analyse the figures, the absolute values were compared and the conclusion was deduced 
accordingly. On the level series, the t-statistic values for both ADF and PP tests are all smaller 
than 5 percent t-critical values for the same tests. It means that the Null Hypothesis, which is 
having a unit root, cannot be rejected. All of the price variables are not stationary on the Level 
series according to ADF and PP tests.

As oppose to the figures in ADF and PP tests, the figures of t-statistic value for KPSS are greater 
than those of 5 percent t-critical value. Therefore, it means that the Null Hypothesis can be 
rejected. All of the price variables are not stationary on the Level series according to KPSS test.

Now that, the First Difference series would be analysed in the same way to analyse the Level 
series. The figures of t-statistic value for ADF and PP tests are greater than those of 5 percent 
t-critical value for the same tests. It means that the Null Hypothesis can be rejected. All of the 
price variables are stationary according to ADF and PP tests. In contrast, the figures of t-statistic 
value for KPSS test are smaller than the correspond figures of 5 percent t-critical value. It means 
that the Null Hypothesis cannot be rejected. All of the price variables are stationary on the First 
Difference series according to KPSS test.
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The general conclusion for these unit root test analyses is that the price variables are integrated 
on the same order on their First Difference series, or I(1). This situation fulfils the prerequisite 
before proceeding to Johansen co-integration test.

4.3.2 Multivariate Johansen Co-integration Test
In this multivariate Johansen co-integration test, all the economic variables are tested at the same 
time. The conclusion will be drawn based on each Trace and Max-Eigenvalue analysis. Table 4 
and table 5 are showing the Trace and Max-Eigenvalue results, respectively. Both t-statistic and 5 
percent t-critical will be compared to deduce whether or not the Null Hypothesis can be rejected.

Johansen co-integration test tests whether the rank of the VAR is 1, 2, 3, and so on. The Null 
is not testing whether the variables are cointegrated or not. Rather, the null is testing the rank 
of the VAR model. For the conclusion to be valid, the number of rank at maximum should be r 
= N - 1, where r represents rank and N represents number of variables. If the value of t-statistic 
is greater than that of 5 percent t-critical, then Null Hypothesis can be rejected. The rank is 
significant and it will signify the number of cointegrating equation. Furthermore, the statement that 
Eviews provides at right after the table should lead to the same number of rank usually. If those 
statements mention different number of rank, the conclusion based on Trace statistical analysis 
will be preferred.

Table 4. Trace statistic values of Multivariate co-integration test

From table 4, the values of Trace Statistic for Noneare greater than that of 5 percent t-critical 
values. Hence, the Null Hypothesis can be rejected and the results mean that the figures of None 
are significant. These results lead to a conclusion of there are 1 cointegrating equations in the 
multivariate Johansen test based on Trace Statistic.

Table 5. Max-Eigen statistic values of Multivariate co-integration test

From table 5, the values of Max-Eigen Statistic for None are greater than that of 5 percent t-critical 
values. Hence, the Null Hypothesis can be rejected and the results mean that the figures of None, 
are significant. These results lead to a conclusion of there are 1 cointegrating equations in the 
multivariate Johansen test based on Max-Eigen Statistic.
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The general conclusion from Johansen multivariate co-integration tests indicates that there is a 
weak long-run relationship those five selected Asian LNG prices.

4.3.3 Bivariate Co-integration Test
There would be 3 bivariate Johansen co-integration tests which examine the price linkage between 
Asian LNG spot prices against Japanese, Korean, and Taiwanese LNG prices. These tests would 
give better understanding of the long-run relationship of Asian LNG spot prices to each East Asian 
LNG markets.

4.1.3.1 Asian Spot vs Japan LNG Price
The results of Trace and Max-Eigen statistic values for Asian spot and Japanese LNG prices are 
displayed in table 6 and 7, respectively.

Table 6. Trace statistic values of Asian spot vs Japan co-integration test

Table 7. Max-Eigen statistic values of Asian spot vs Japan co-integration test

The value of Trace and Max-Eigen statistic for None and At most 1 is smaller than that of 5 percent 
critical value, hence, the Null Hypothesis cannot be rejected. Furthermore, Eviews indicates that 
there is no cointegrating equation at the 5 percent level.

Thus, we can coclude that there is no long-term relationship between Asian spot and Japanese 
LNG prices.

4.1.3.2 Asian Spot vs South Korea LNG Price
The results of Trace and Max-Eigen statistic values for Asian spot and South Korea LNG prices 
are displayed in table 8 and 9, respectively. Both Trace and Max-Eigen statistic values indicate 
that there are no cointegrating equations between Asian spot and South Korean LNG Price.
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Table 8. Trace statistic values of Asian spot vs South Korean co-integration test

Table 9. Max-Eigen statistic values of Asian spot vs South Korean co-integration test

As it was explained in Asian Spot vs Japan LNG Price part, these results indicate that there is no 
co-integration between Asian spot and Taiwanese LNG prices.

4.1.3.3 Asian Spot vs Taiwan LNG Price
The results of Trace and Max-Eigen statistic values for Asian spot and Taiwan LNG prices are 
displayed in table 10 and 11, respectively. Both Trace and Max-Eigen statistic values indicate that 
there is 1 cointegrating equation between Asian spot and Taiwan LNG prices.

Table 10. Trace statistic values of Asian spot vs Taiwan co-integration test

Table 11. Max-Eigen statistic values of Asian spot vs Taiwan co-integration test
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4.2 Qualitative Discussion

4.2.1 Japan and South Korea LNG Market
Japan and South Korea, the largest LNG buyer in the world, has traditionally engaged in long-
term LNG trades to ensure uninterrupted supplies. It coined the JCC formula which gives stable 
and affordable LNG prices before 2000s. The long-term contracts made up a huge portion of its 
LNG imports. Over the past decade, Japanese companies have signed 56 long-term contracts in 
6 countries, (GIIGNL, 2013).

The spot LNG cargoes grew its share starting from 2010 to complement the long-term contract 
supplies. These spot LNG cargoes became more important after Fukushima aftermath in March 
2011 which led to nuclear plant shutdown. In this case, Japanese gas companies need to pay 
premium to secure LNG shipment from other markets in the world. Figure 2 proves that between 
2016 to 2017, Japan and South Korea combine as the largest spot buyers in the market.

Figure 2. Asia and Middle East LNG spot volumes

However, due to high price of spot LNG cargoes that Japanese and South Korean companies 
have to pay, they prefer to have LNG price based on long-term contracts. The price structures 
have to be modified, such as changing the crude oil prices to Henry Hub gas prices, to move away 
from volatile crude oil prices. Furthermore, in anticipation of US shale gas revolution, several 
Japanese trading houses and utilities entered into LNG long-term contract which used Henry Hub 
gas price indexation from Cameron LNG, Cove Point LNG, and Freeport LNG in 2012, (Miyazaki 
& Limam, 2013).

These arguments could be the explanation why although Japan and South Korea is attracting many 
LNG spot cargoes, however, there is no price linkage between Asian LNG spot and Japanese 
LNG long-term contract prices in the period of 2010 – 2017. The long-term LNG contract will 
still be the backbone of Japanese and South Korea LNG imports. Japan and South Korea is still 
active in securing long-term LNG contracts with different price indexation if possible, for example 
by using Henry Hub gas prices. Furthermore, this study examined the dynamics of these prices 
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in the period of 2010 - 2017, whereas, the spot or short-term LNG cargoes became important to 
Japanese LNG portfolio after the Fukushima aftermath in 2011. It could be relatively short for the 
price linkage to exist between these economic variables.

In addition, the Fukushima aftermath made the LNG market tight in the region, and forced the 
countries in the region to secure many spot or short-term LNG cargoes for their near term needs.

4.2.2 Taiwan LNG Market
In the previous section, the results indicated that there is a price linkage between Asian LNG spot 
and its monthly average LNG prices. It is due to the fact that there was a major restructuring in its 
domestic gas industry. This restructuring event delayed Taiwan to conclude new LNG long-term 
contracts. Thus, Taiwan increased the proportion of mid- and short-term or spot contracts in its 
LNG supply portfolios to secure uninterrupted energy supplies. Some of the policy taken is Taiwan 
has diversified its LNG suppliers dramatically in the period between 2002 and 2012. Indonesia 
and Malaysia made up to 90 percent of Taiwan LNG imports in the 2002 – 2006 periods. This 
situation changed by 2012, with a mixture of several countries in East Africa and Middle East. 
According to Vivoda (2014), Taiwan has been the least active LNG importing countries to secure 
its supplies, with only 1 new long-term contract signed with Qatar in 2008.

4.3 General Discussion
So far the co-integration tests among Asian LNG prices were carried out and some arguments 
to support the results were presented. The Asian LNG spot prices are not cointegrated with both 
Japanese and Taiwanese LNG long-term contract prices. In contrast, Asian LNG spot prices are 
cointegrated with South Korean LNG long-term contract prices.

The fact that the monthly average Japanese and Taiwanese LNG prices do not have long-run 
relationship with Asian LNG spot prices is because these countries continued to rely most of their 
LNG deliveries on long-term contracts. They might have been trying to diversify their source of 
LNG cargoes from spot or short-term contracts. However, the results above imply that this change 
is very slow to materialize at the moment, as they are still importing most of their LNG shipments 
through the long-term contracts.

4.3.1 Henry-Hub Gas Price Indexation in LNG Contracts
The existence of price linkage for some countries in Asia-Pacific Basin could mean that the market 
fundamentals in Atlantic Basin have greater influences on their LNG markets. It is quite difficult 
to justify whether this fact is good or bad at the present time. Furthermore, the effect of the US 
shale gas revolution could maintain Henry Hub prices low due to abundant production in the US. 
LNG customers in Asia would be ready for the fluctuation of Henry Hub price that is included in 
the LNG price structure, because of decreasing Henry Hub price volatility, (Miyazaki & Limam, 
2013). Since some Asian LNG importing countries still want to use long-term contract for their 
LNG deliveries, having long-term contract with Henry Hub prices embedded in the formula would 
be an alternative way to reduce the exposure of huge fluctuation of crude oil prices.

4.3.2 Unforeseen Changes in the Crude Oil Prices 
When the Brent crude oil prices sustained around $100/bbl in 2009 – 2014 period, many industry 
players wanted to have LNG price structure review. However, the effect of US shale gas revolution 
on international gas pricing should not be neglected. In 2016, the Brent crude prices fell to around 
$40/bbl, due to supply glut from the US oil production and an internal competition to secure their 
market share among OPEC member countries. With significant and sustained price changes of 
crude oil, it would give different view of retaining JCC formula in this industry.
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4.3.3 Creation of  Asian Gas Hub
From the discussion above, it appears that Asian LNG markets are still fragmented, and many 
governments in Asia have to put much effort to build a more robust Asian LNG pricing mechanism 
which reflects only the supply and demand dynamics in Asia-Pacific Basin. It becomes apparent 
that having Asian gas hub, which was devised by IEA, is necessary to reduce other external 
effects on LNG prices, such as type of commodity for price indexation and the length of contract 
terms. The importing LNG countries in Asia could start from restructuring their gas markets to 
support the creation of gas trading hubs in the region. However, it should be born in mind that 
Asian gas hub does not guarantee lower prices than crude oil indexation LNG formula. It will lead 
the markets to price natural gas at its relative value in a specific energy mix.

5. Conclusion
This study has investigated the presence of price linkage among Asian LNG prices. The results 
show that both historical Japanese and South Korean LNG prices do not have price linkage with 
Asian LNG spot prices. On the other hand, the historical Taiwanese LNG prices have long-run 
relationship with Asian LNG spot prices. 

The proportion of LNG long-term contracts still dominates Japanese and South Korean LNG 
markets. Hence, their monthly averages of LNG prices were not greatly affected by the natural 
gas market dynamics in the Atlantic Basin. Their price discovery process is not influenced by the 
LNG spot price. Nonetheless, Taiwanese LNG markets have price linkages with gas markets in 
Atlantic Basin. The presence of price linkage in Taiwanese LNG markets is expected with the 
growing number of spot LNG cargoes using trading gas hub price indexed which they secured. 
It could imply that Taiwanese can use the LNG spot price as reference price during their price 
discovery process when purchasing the LNG cargoes.

The results above show that Asian LNG markets are not unified, and these facts need serious 
attention from many governments in Asia to have more robust Asian LNG pricing mechanism 
which reflects only Asia-Pacific Basin market fundamentals. Creating gas trading hubs could be 
viewed as a long-term solution to have regional LNG spot price assessments and to move away 
from the traditional Asian LNG pricing mechanism. Creating gas trading hub in Asia is needed to 
show the real supply and demand fundamentals in the region. The LNG consumers will pay the 
prices what they consume. A considerably high Asian LNG spot price in the current situation is 
due to the transportation cost to ship the spot cargoes and the premium to attract the LNG cargo 
shipments. The necessity to build Asian gas hub arises to eliminate or reduce these hidden costs. 
However, there should be enough time to develop a liquid and transparent gas trading hub in 
Asia, because the market in this region has some physical limitation, such as interconnectedness 
of the gas networks (Warner, Varro, & Corbeau, 2013). Therefore, many countries could start 
preparing to restructure their gas markets to support the creation of gas trading hubs in the region 
in the future.

References
Argenton, M. (2012). Empirical Identification of Japanese LNG S-Curve Contracts: Cointegration 
and Structural Breaks. University of Illinois at Chicago.

Aruga, K., Managi, S. (2011). Linkage among the U.S. Energy Futures Markets. MPRA Paper 
36086, University Library of Munich, Germany.

Aruga, K. (2013). The U.S. Shale Gas Revolution and Its Effect on International Gas Markets. 
MPRA Paper 49545, University Library of Munich, Germany. 



162 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Asche, F., Gjolberg, O., Volker, T. (2003). Price relationships in the petroleum market: an analy-
sis of crude oil and refined product prices. Energy Economics 25, 289-301. 

Bachmeier, L., Griffin, J.M. (2006). Testing for market integration: crude oil, coal, and natural 
gas. Energy Journal 27, 55-71. 

Darrat, A.F. (1998). Tax and spend, or spend and tax? An inquiry into the Turkish budgetary 
process. Southern Economic Journal 64, 940-956.

Ellis, S. (2013). Evolution of the spot trade since Fukushima. ICIS. 

Engle, R.F., Granger, C.W.J. (1987). Co-Integration and Error Correction: Representation, Esti-
mation, and Testing. Econometrica, Volume 55, No. 2, page 251-276.

Flower, A., Liao, J. (2012). LNG pricing in Asia. In: Stern, J.P. (Ed.), The Pricing of International-
ly Traded Gas. OIES/OUP, Oxford, pp. 338-374. 

GIIGNL. (2013). The LNG Industry in 2012. (http://www.giignl.org/publications) 

Goodwin, B.K., Schroeder, T.C. (1991). Cointegration tests and spatial price linkages in regional 
cattle markets. American Journal of Agricultural Economics 73, 452-464.

Hartley, P.R., Medlock, K.B., Rosthal, J.E. (2008). The relationship of natural gas to oil prices. 
Energy Journal 29, 47-65. 

Higashi, N. (2009). Natural Gas in China - Market evolution and strategy. International Energy 
Agency. 

Johansen, S., Juselius, K. (1990). Maximum likelihood estimation and inference on cointegra-
tion – with applications to the demand for money. Oxford Bulletin of Economics and Statistics, 
52, 169-210.

Lin, S. C. (2012). Energy Policy & LNG Supply and Demand in Taiwan. Taiwan: CPC Corpora-
tion. 

Lutkepohl, H., Saikkonen, P., Trenkler, C. (2000). Maximum Eigenvalue Versus Trace Tests for 
the Cointegrating Rank of a VAR Process. Discussion Papers, Interdisciplinary Research Proj-
ect 373: Quantification and Simulation of Economic Processes.

Maggiora, D., Skerman, R. (2009). Johansen Cointegration Analysis of American and European 
Stock Market Indices: An Empirical Study. Lund University.

Medlock III, K. (2014). Natural Gas Price in Asia: What to Expect and What It Means. Houston: 
James A. Baker III Institute for Public Policy. 

Miyamoto A., Ishiguro, C. (2009). A New Paradigm for Natural Gas Pricing in Asia: A Perspective 
on Market Value, OIES. 

Miyamoto, A., Ishiguro, C., Yamada, T. (2012). Irrational LNG Pricing Impedes Development of 
Asian Natural Gas Markets: A Perspective on Market Value. Osaka: Osaka Gas. 

Miyazaki, K., Limam, M. (2013). Will LNG Exports from North America / East Africa Drive Global 
Price Integration?. New York: Poten & Partners. 

Phillips, P.C.B., & Ouliaris, S. (1998). Testing for cointegration using principal component meth-
ods. Economics Dynamics and Control 12, 205-230.



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 163

Rogers, D., White, M., Phua, D. (2014). Prospects for Development of an Asian LNG Trading 
Hub. King & Spalding: Energy Newsletter. 

Ssekuma, R. (2011). A Study of Cointegration Models with Applications. University of Africa.

Stern, J., Rogers, H. (2014). Challenges to JCC Pricing in Asian LNG Markets. OIES. 

Tae-Hoon, A. (2009). Supply and demand trends and plans for natural gas in South Korea. The 
Institute of Energy Economics, Japan.

Vivoda, V. (2014). LNG import diversification in Asia. Energy Strategy Reviews, 2, 289-297. 

Warner, K., Varro, L., Corbeau, A. (2013). Developing a Natural Gas Trading Hub in Asia – Ob-
stacles and Opportunities. International Energy Agency.

Wei W.S. (2006). Time series analysis: univariate and multivariate. Boston: Pearson.

Yule G. U. (1989). Why do we sometimes get nonsense-corrections between time series? – A 
study in sampling and the nature of time series. Royal Statistical Society, 1:1-63.



164 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Planning the Electrification of  Rural Villages in East Nusa Tenggara Using 
Renewable Energy Generation

J. Giwangkara1, B. van Campen2

1Postgraduate, The University of Auckland, Auckland, New Zealand
2The Geothermal Institute Manager, The University of Auckland, Auckland, New Zealand

E-mail: jgiw242@aucklanduni.ac.nz

Abstract. Providing accessible, affordable and renewable electricity to rural areas in 
developing countries like Indonesia, is arguably challenging. The higher initial cost of 
renewable as compared to conventional energy technologies is often viewed as an obstacle 
in the rural electrification decision-making process. This study is conducted to examine the 
techno-economic feasibility of renewable energy generation options to bring electricity to the 
rural villages in Indonesia with Belu Regency, East Nusa Tenggara (ENT) as a case study. In 
this study, three village electrification scenarios were generated: basic (with the demand load 
of 150.5 kWh/day), moderate (359.9 kWh/day) and advanced 0065lectrification (579 kWh/
day). To supply the load, three energy technologies were compared: conventional technology 
(diesel-powered); renewables technology (solar PV and wind turbines); and hybrid technology 
(combination of diesel, solar PV and wind). The Hybrid Optimisation of Multiple Energy 
Resource (HOMER) software was selected to model the best-optimised system configuration 
for the scenarios with defined constraints and sensitivity analysis. The study also investigates 
the impact and benefit of each system on the environment, specifically on CO2 emissions 
and pricing options. The results found that the renewable energy village-grid system (mostly 
powered by solar PV) is more competitive than the diesel-powered system in all scenarios. 
The levelized cost of energy (LCOE) of renewable energy system for each scenario is 0.66 
USD/kWh (basic), 0.74 USD/kWh (moderate) and 0.55 USD/kWh (advance) respectively. This 
preliminary study concludes that rural electrification with renewables is a feasible option for a 
generic, modeled village in ENT. More, specific case research would be needed.

Introduction
As population and energy demand grow in many countries, governments are tasked to deliver 
accessible and affordable energy to every citizen. At the same time, there is global pressure to 
reduce greenhouse gas (GHG) emissions and other environmental goals. Conflicting goals for 
securing the energy, providing energy equity and maintaining environmental sustainability exert 
create an energy trilemma.

Almost all developing countries are relying on their energy supply from fossil fuel (IEA, 2017). With 
limited finance, capacity and resources, as well as numerous other domestic issues, managing 
this trilemma in developing countries, could be seen as even more challenging. 

Indonesia represents a good case: as of June 2017, the national electrification ratio in Indonesia 
has reached 92.80% (MEMR, 2017), but in several provinces, e.g., East Nusa Tenggara and 
Papua, this is still under 60%. There are still thousands of villages that need to be electrified in the 
remote and rural area in Indonesia, which is costly and technically challenging.

The aim of this study is to examine the possibility of rural clean energy access and to identify 
the economic and environmental impacts of three energy system scenarios: business as usual 
(BAU), renewables, and hybrid. The research focuses on typical rural/remote village in East Nusa 
Tenggara Province as a case study.
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Methodology, data, and information

In this project, ten different system configurations on three different load scenarios were modeled 
using HOMER software. To do this, the methodology was divided into three primary steps: 1) 
electrification scenarios and the corresponding load profiles, 2) power generation system 
dimensioning, 3) economic and environmental evaluation. Summary of modules and main 
variables for each step are shown in figure 1 below.

Figure 1. Schematic overview of study methodology.

2.1 Distributed power generation technologies
Small-scale localized energy generation systems, otherwise known as Distributed Generation 
(DG), are becoming a common alternative in serving communities without access to the grid. 
Brass, Carley, MacLean, & Baldwin (2012) argue that DG systems have potential to overcome 
some constraints – such as geographical barriers and economic viability, in having a grid extension.

There are a variety of energy technologies which are commonly used to power the DG systems. 
Ackermann, Andersson, & Söder (2001) summarize nine energy sources, namely diesel, distillate 
oil, natural gas, geothermal, wind, biomass, micro-hydroelectric, solar, and ocean. Quantitatively, 
Brass et al. (2012) took 60 case study articles of DG implementation in many countries from every 
region of the world between 1970 and 2009. As presented in figure 2, solar PV systems were the 
most common form of DG (78% cases).
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Figure 2. Percent of case studies on various types of DG technologies (Brass et al., 2012).

Diesel generation has been commonly used in DG systems, particularly in developing countries, 
to electrify the remote areas that cannot easily/economically be reached by the conventional 
grid connection. The system usually generates a nominal power and runs together with other 
energy systems (Kusakana & Vermaak, 2014).  Brass et al. (2012) summarize some advantages 
and drawbacks of diesel generation systems. They state that the diesel generators are available 
in the market and easy to maintain. On the other hand, noise, emission, high fuel costs, and 
inconsistent fuel availability are some of the drawbacks for diesel generators.

Solar PV technology is one of the first among several renewable energy technologies which have 
been used in DG systems worldwide (Chaurey & Kandpal, 2010). In a study, Blum, Wakeling, & 
Schmidt (2013) mentioned other benefits of this technology such as high modularity, zero noise, 
and high potential solar resources in almost all developing countries. This system converts solar 
radiation directly into direct current (DC) electricity. This can, in turn, be stored in batteries and/
or converted to alternating current (AC) to be used in different application settings. A significant 
drawback of the solar PV system is the intermittent power generation source during the day. The 
peak production pattern (daytime) often does not match the demand curve, which often occurs 
at night in villages. As a consequence, solar PV systems are usually deployed with batteries, 
increasing the investment cost of the system, and reducing the competitiveness of solar PV 
systems (Blum et al., 2013).

Wind turbines work by extracting and converting kinetic energy from the wind into rotational kinetic 
energy in the turbine. Jenkins, Ekanayake, & Strbac (2010) state that aside from site-specific 
availability, knowing the expected power and energy output of each wind turbine is essential 
regarding its economic viability. General wind systems (also for remote locations) are a bit larger 
than small solar home systems and are more commonly set-up for 120/240 V (mini)-grids often with 
battery and/or diesel back-up for periods of low wind generation. Aside from generic renewable 
energy generation challenges (e.g. intermittency, location specific, and uncertain energy output), 
this system has to deal with noise and aesthetic pollution.

2.2 Hybrid Optimization of  Multiple Energy Resources (HOMER)
The U.S. National Renewable Energy Laboratory (NREL) developed the Hybrid Optimization of 
Multiple Energy Resources (HOMER) in 1993 to facilitate the renewable energy industry’s system 
analysis and optimisation needs (Open Energy Information, 2015). HOMER is a computer model 
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that allows the energy modeler to design the micropower systems as well as comparing the power 
generation technologies, including the renewables, based on their technical and economic merits.

HOMER can model ten types of micropower system components that generates, delivers, converts 
or stores energy. Three electricity generation options from renewable energy sources are from 
solar PV, wind and hydro turbines, whereas other are dispatchable energy sources (generators, 
grid, and boilers). The delivery and conversion elements consist of two types: converters and 
electrolyzers. Lastly, the two parts of energy storage are batteries and hydrogen storage tanks. 
Each of these has technical and economic properties to be defined.

Lambert, Gilman, & Lilienthal (2006) summarizes three essential technical processes that 
HOMER performs. They are the simulation, optimisation, and sensitivity performance. Particular 
system configuration is tested hourly throughout the year to determine its technical feasibility and 
lifecycle cost in the simulation process. In the optimisation process, HOMER runs all possible 
combinations of system configurations to satisfy the technical constraints at the lowest lifecycle 
cost. Lastly, to test the effects of changes or uncertainty in the model inputs, the sensitivity analysis 
is performed by re-running the optimisation process under a range of inputs. In the end, HOMER 
can suggest the best-optimised system configuration for the given load, resources, economic 
variables, system control features, as well as constraints and sensitivity variables.

2.3 East Nusa Tenggara electricity supply and demand
East Nusa Tenggara (ENT) is one of 34 provinces in Indonesia, located in the Southeast of 
Indonesia. In 2016, there were about 5.1 million inhabitants in the province (with a growth rate of 
5.2% over the last five years), spread over three main islands: Flores (52.5%), Timor (32.8%), and 
Sumba (14.8%) (BPS NTT, 2017).  PLN (2017) reports that the rate of electricity growth in the last 
five years has been about 12.5% p.a., dominated by residential (60%), commercial (25%), public 
(10%), and industry (5%) sectors. The growing middle-class arguably has become a major driver 
of high demand for new and upgraded electricity connections.

As of end 2015, ENT had 612 power plants over 63 electricity grids (MEMR, 2016). Most of these 
power plants are powered by diesel (79.8%), followed by steam (14.4%), and geothermal (4.0%). 
ENT electrification ratio in June 2017 was 59.2%, but the aim is to achieve 100% by 2026 (MEMR, 
2017). To achieve this target as well as meeting the electricity demands, the GOI has calculated 
ENT’s electricity demand projection to 2026, based on PLN’s power sales in the last five years, 
economic growth, population growth, and electrification ratio target. PLN (2017) estimates that 
a total capacity of 731.5 MW with about 2,288 GWh should be generated in 2026 to meet the 
demand.

2.4 Belu Regency, East Nusa Tenggara renewable energy potential
This study model a generic Indonesian village with renewable energy resources at Kakuluk Mesak 
(9o 10’ 19.37” S, 124o 36’ 58.33” E), one of the villages in Belu Regency, ENT. For this location, 
solar and wind data are derived from NASA Surface Meteorology and Solar Energy Databases.

Solar resource data associated with the amount of global solar radiation that comes to the Earth’s 
surface in a typical year measured in kW/m2. HOMER recognizes the solar data in three forms: 
hourly and monthly average global solar radiation, as well as a monthly average clearness index – 
the clearness index of the atmosphere ranging between zero and one. For monthly solar resource 
data, HOMER generates synthetic hourly solar radiation data using an algorithm developed by 
Graham and Hollands (Lambert et al., 2006).
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The NASA Langley Research Center (2006) provides 22 years of monthly solar resource data for 
the site from 1983 – 2005. Throughout these years, the site has a total average solar irradiation of 
6.1 kWh/m2/day. In figure 3, the monthly average solar irradiation, as well as the clearness index 
for the site is presented. It is observed that the minimum and maximum amount of solar irradiation 
of 5.3 kWh/m2/day and 7.2 kWh/m2/day occurred in June and October. Regarding the clearness 
index, the total average index of the site is about 0.62.

Figure 3. Average monthly solar resource data for the site from 1983-2005 (NASA, 2006).

Wind resource data, indicated by the wind speeds, is needed to model a system for wind turbines. 
Ideally, HOMER needs hourly wind speed data to generate a better optimisation process. If 
monthly average wind speed data are the only data available, HOMER can generate synthetic 
hourly data as well as four additional statistical parameters needed: the Weibull shape factor, the 
autocorrelation factor, the diurnal pattern strength, and the hour of peak wind speed (Lambert et 
al., 2006).

Figure 4. Average monthly wind resource data for the site from 1983-1993 (NASA, 2006).
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For the wind resource data for the site, the NASA Langley Research Center (2006) has only ten 
years of monthly averaged wind speed data at 50 m above the Earth’s surface for the site from 
1983 – 1993. Throughout these years, the site has a total average wind speed of 5.1 m/s. Figure 
4 presents the monthly averaged wind speed. It was observed that minimum and maximum wind 
speeds of 3.3 m/s and 6.7 m/s, occurring in November and June.

3. Electricity system dimensioning
Dimensioning the electricity system consists of three inputs (load profile and electricity scenario, 
technical parameters, as well as economic parameters) to find out the best possible power system 
configuration under each system and electrification scenario. Designing and dimensioning a 
(representative) example of an electricity system requires the size of a generic village as well 
as the electrification strategies, including corresponding load profiles. This study model three 
different system configurations under three different load scenarios.

3.1 Electrification scenarios and load profiles
The first step to dimensioning the electricity system is defining the size of a generic village. This 
project refers to a previous study by Feibel (2010) and Blum et al. (2013) as well as village statistic 
data from BPS NTT (2017) to establish a typical generic ENT village. Thus, the generic village 
consists of 1,610 inhabitants in 350 households with an average household size of 4.6 people.

Most rural electrification studies only consider household electricity demand (Brass et al., 2012; 
Hiendro, Kurnianto, Rajagukguk, Simanjuntak, & Junaidi, 2013; van Ruijven, Schers, & van Vuuren, 
2012). This study considers three categories of end-consumers to incorporate local economic 
activity as well as its social infrastructure: households, productive use, and social infrastructure. 
Scenario A is a basic electrification scenario, focusing only on small-sized household consumers. 
Scenario B electrifies medium-sized households as well as small-scale productive use and limited 
social infrastructure. Scenario C plans for larger household consumers, medium to high productive 
use, as well as moderate social infrastructures. 

Determining the electricity demand for each end-consumer sector in each scenario is arguably 
challenging. In one study, Casillas & Kammen (2011) stated that empirical village electricity 
consumption data in developing countries might be hard to find due to unemployed electricity 
meters. This study estimates the electricity demand by identifying a set of typical electricity 
appliances owned by consumers in each end-consumers sector with its daily usage. Based on 
assumptions elaborated in Hiendro et al. (2013) and Blum et al. (2013), the project distinguishes 
three electricity load profiles for each scenario as summarized in table 1 below.
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Table 1. The project’s electrification scenarios overview.

Scenario A 
Basic Electrification

Scenario B 
Moderate Electrification

Scenario C 
Advanced Electrification

Overview Remote rural village, with 
agriculture as the main 
economy

Rural village with growing 
economic activities

Rural village with established 
economic activities, beyond 
agriculture

Power Avail-
ability

Electricity is available 
18:00-06:00

Electricity is available 24 hr Electricity is available 24 hr

End-consumer 
Sectors

Household −	 Household
−	 Productive Use
−	 Social Infrastructures

−	 Household
−	 Productive Use
−	 Social Infrastructures

Load Profiles Household: 0.43 kWh/
day

Household:0.99 kWh/day

Productive Use: 10.9 kWh/day

Social Infrastructures: 1.5 
kWh/day

Household: 1.46 kWh/day

Productive Use:  52.7 kWh/day

Social Infrastructures: 15.32 
kWh/day

Total Village: 150.5 kWh/
day

Total Village:358.9 kWh/day Total Village: 688.3 kWh/day

This study assumes that the profile remains the same throughout the year, so there is no seasonal 
peak load/variation. All assumptions (e.g. appliances, power consumption, quantity per customer, 
usage duration) from the demand-side model are summarized in Appendix B.

3.2 System dimensioning
To suggest the most suitable techno-economic power system for the case study three different 
system configurations are modeled, using three energy technologies (diesel generator, solar PV, 
wind turbine), as well as converting devices, batteries, etc. The conventional system uses diesel 
generator(s) as the only power source; the renewable system is only equipped with renewable 
energy technology (solar PV and/or wind turbine); the hybrid system combines the conventional 
and renewable power plants as its source of energy.

The study defined each energy technology and its supporting ancillary equipment in HOMER. 
For the diesel generator, a modified 10 kW generic AC is used. A 5-kW generic flat plate PV on 
a DC system is selected to represent the solar PV system. The study uses the modified 1 kW 
generic wind turbine on DC system as a wind turbine system. Table 2 shows an overview of the 
configurations, while Appendix A summarizes the details.
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Table 2. The project’s system configurations overview.

Conventional System Renewable System Hybrid System

Overview The business-as-usual 
system which uses a diesel 
generator as its main power 
supply

The most environmentally 
friendly system which uses 
the renewable energy power

The clean energy system 
which combines renewable 
energy with the diesel 
generator

Power System 
Configuration

Diesel generator

(10 kW AC system)

Solar PV
(5 kW flat plate PV)
Wind turbine
(1 kW)
Converter
(10 kW)
Battery
(Lead Acid – LA)

Diesel generator
(10 kW AC system)
Solar PV
(5 kW flat plate PV)
Wind turbines
(1 kW)
Converter
(10 kW)
Battery
(Lead Acid – LA)

4. Electrification scenario options & analysis
From the simulation results (see table 3), solar PV is dominating wind as the preferred energy 
technology for both renewable and hybrid configurations. The maximum penetration of the wind 
turbine occurs in the hybrid energy system for the basic electrification scenario, which serves 
about 17% of the total energy supply.

Table 3. The project’s system configuration results.

Electrification Scenarios and 
Power Systems

Diesel Solar PV Wind Turbine

Size 
(kW)

Load 
(%)

Size 
(kW) Load (%) Size 

(Unit) Load (%)

Basic Electrification       

Conventional 40 100.0 - - - -

Renewable - - 50 100.0 - -

Hybrid 25 48.9 15 34.3 16 16.8

Moderate Electrification     

Conventional 80 100.0 - - - -

Renewable - - 300 99.8 1 0.2

Hybrid 60 27.1 100 72.9 - -

Advanced Electrification       

Conventional 80 100.0 - - - -

Renewable - - 300 98.8 8 1.2

Hybrid 70 36.8 100 63.2 - -

Regarding the Levelized Cost of Energy (LCOE), wind energy has the highest cost in this study. 
It costs about 0.721 USD/kWh for every 1 kW system, followed by diesel (0.183 USD/kWh) and 
solar PV (0.087 USD/kWh) system. Therefore, the average electricity production from wind energy 
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is also the lowest among others (i.e. 810 kWh/year ~ about half of the solar PV technology). 
Consequently, the solar PV almost dominated a fraction of both the renewable and hybrid system 
configurations. A summary of the LCOE and average electricity production from each technology 
is presented in table 4.

Table 4. The project’s LCOE and average electricity production results.

System LCOE 
(USD/kWh)

Average Electricity 
Production (kWh/yr)

1 kW Solar PV 0.087 1,765

1 kW Wind 0.721 810

1 kW Diesel 0.183 1,677

In addition to the LCOE, it found that the cost of all technologies decreases when higher 
electrification scenarios are applied. Figure 5 depicts the LCOE for a generic village’s grid with 
three system configurations as well as its sensitivity effects. Each scenario is embedded with 
straight lines which represent the range results of the sensitivity effects from the low and high 
cases.

(a)
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(b)

Figure 5. (a) COE for generic village grid with various system configurations; (b) COE for 
generic village grid with electrification scenarios.

Under the given technical and economic merits, the renewable energy system for the advanced 
electrification scenario comes with the lowest LCOE (ranging from 0.50 USD/kWh for the low 
case to 0.60 USD/kWh for the high case). It is followed by the hybrid energy system for the 
advanced electrification scenario which has an LCOE from 0.53 USD/kWh (the low case) to 0.84 
USD/kWh (the high case estimation). Lastly, the conventional power system (driven by the diesel 
generator) for the moderate electrification scenario (represented by the letter B) has the highest 
overall LCOE from 1.34 USD/kWh (the low case) to 1.77 USD/kWh (the high case).

This study also estimated LCOE of using solar home systems (SHS) for the basic electrification 
scenario, as well as the conventional grid extension option for the advanced electrification 
scenario. 

The LCOE for the basic electrification at the base case is 0.66 USD/kWh. SHS are estimated to 
cost around 0.71 USD/kWh. Thus, it found that for the basic electrification scenario, the proposed 
renewable mini-grid system is a preferable option compared to the SHS option.

For the comparison between the renewable mini-grid system versus the conventional grid 
extension option, the base case LCOE for each option was 0.55 USD/kWh and 0.55 USD/kWh 
respectively. As for the advanced electrification scenario, the proposed renewable mini-grid and 
the current village grid extension are equal.
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Figure 6. GHG emission reduction potential from hybrid and renewable systems

As for the GHG emission of the system, the conventional (diesel-based) energy system is 
obviously dominating the overall system. This system emits maximum CO2 emissions of 288 
tCO2/year from the advanced electrification scenario which is almost four times higher than the 
basic electrification scenario. Thus, through the implementation of a renewable energy system, 
the same amount of emission can be mitigated. Assuming a carbon price of USD 20/tCO2, the 
maximum potential carbon incentive from implementing the renewable energy system is about 
USD 5,759/year. For the same case, the hybrid energy system can mitigate up to 158 tCO2/year 
(half of the renewable energy system’s mitigation potential) with potential carbon incentives of 
USD 3,160/year. Figure 6 summarizes the overall potential of GHG emission reduction from each 
electrification scenario and power system.

4.1 Basic electrification scenario
HOMER analyzed around 533,064 simulations from each of the three different load profiles and 
three different system configurations with various sensitivity variables and economic constraints 
(i.e. discount rate, inflation rate, minimum renewable fraction, capital cost, replacement cost, O&M 
cost, and fuel price). The optimal system architectures for each power system are as follows:

• Conventional: Diesel generator 40 kW
• Renewable : Solar PV 50 kW, 1 kWh LA storage 250 strings, Converter 50 kW
• Hybrid : Diesel generator 25 kW, Solar PV 15 kW, 16 units wind turbine 1 kW,
                            1 kWh LA storage 150 strings, Converter 10 kW

Among the three recommended systems, the renewable energy system dominated other power 
systems with the lowest LCOE (between 0.59-0.72 USD/kWh) and the lowest NPC (between USD 
145,384-176,856). The hybrid energy system comes in as the second optimised configuration 
with the LCOE of 0.75-0.98 USD/kWh and the NPC between USD 190,950-232,826. The last 
solution is the conventional energy system which has the highest LCOE (0.95-1.28 USD/kWh) 
and NPC (USD 233,071-314,859). The comparison of LCOE for each system is presented in 
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Figure 5 (a) with straight lines which represent the range of results and sensitivity effects from the 
low and high cases.

4.2 Moderate electrification scenario
For the moderate electrification scenario, HOMER analyzed around 1,044,624 simulations from 
each of the three different load profiles and three different system configurations with the same 
sensitivity variables and economic constraints in the basic electrification scenario. The optimal 
system configurations for each power system are as follows:

• Conventional: Diesel generator 80 kW
• Renewable : Solar PV 300 kW, 1 unit wind turbine 1 kW, 1 kWh LA storage 300
    strings, Converter 100 kW
• Hybrid : Diesel generator 60 kW, Solar PV 100 kW, 1 kWh LA storage 100
    strings, Converter 25 kW

For the additional load of 76,431 kWh per annum from previous scenarios, the lowest LCOE 
and NPC is still achieved by the renewable energy system. The LCOE of the renewable system 
is increased by 0.39 USD/kWh from 0.59 USD/kWh (low case – basic electrification scenario) 
to 0.66 USD/kWh (low case – moderate electrification scenario). For the same matter, the NPC 
of the system increased by more than double (USD 240,794) from USD 145,384 (low case – 
basic electrification scenario) to USD 386,178. The hybrid energy system comes as the second 
optimised configuration with the LCOE of 0.67-1.15 USD/kWh and the NPC between USD 
392,442-678,012. The highest LCOE for the scenario is generated from the conventional energy 
system which ranges between 1.34-1.77 USD/kWh.

4.3 Advanced electrification scenario
The last electrification scenario analyzed the most substantial simulations. There are 1,086,690 
simulations from each of the three different load profiles and three different system configurations 
with the same sensitivity variables and economic constraints with the previous electrification 
scenarios. The optimal system configurations for each power system are as follows:

• Conventional : Diesel generator 80 kW
• Renewable : Solar PV 300 kW, 8 units wind turbine 1 kW, 1 kWh LA storage 500
    strings, Converter 100 kW
• Hybrid : Diesel generator 70 kW, Solar PV 100 kW, 1 kWh LA storage 100
    strings, Converter 100 kW

In this scenario, the renewable energy system still has the lowest LCOE and NPC. For the 
additional load of 79,975 kWh from the moderate electrification scenario, the LCOE has 
interestingly decreased. In the low case, for instance, the LCOE is decreased by 0.18 USD/
kWh. The hybrid system costs about 0.5-0.6 USD to generate one kWh of electricity. Despite the 
highest LCOE among other systems, the conventional system has the highest decrease of LCOE 
with the abatement of 0.41 USD/kWh.

5. Summary and conclusion
This study aimed to examine the techno-economic feasibility of renewable energy generation 
options to electrify rural villages in Indonesia by focusing on a case study in East Nusa Tenggara. 
From 2,664,378 simulations of three different load profiles and three system configurations 
(diesel, wind, solar and hybrid) with various sensitivity variables and economic constraints, solar 
PV generally has the lowest LCOE.  To electrify the generic village with the lowest LCOE, the 
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HOMER comes up with a renewable energy option for three electrification scenarios. In this study, 
the system’s architecture for the renewable energy system mostly depends on solar PV technology 
to supply the electricity. Table 5 summarizes the renewable energy system components for all 
electrification scenarios.

Table 5. Summary of renewable energy and diesel system components for all electrification 
scenarios

 
Unit

Basic Moderate Advanced

 Electrification Electrification Electrification

System Component     

Generic Flat Plate PV kW 50 300 300

Generic Wind Turbine unit - 1 8

Generic Lead Acid Battery strings 250 300 500

System Converter kW 50 100 100

System Cost     

Generic Flat Plate PV USD 34,446 206,676 206,676

Generic Wind Turbine USD - 2,607 20,858

Generic Lead Acid Battery USD 109,871 187,764 255,615

System Converter USD 16,834 33,668 33,668

Total USD 161,151 430,716 516,817

LCOE USD/kWh 0.658 0.735 0.549

Energy Balance     

Production kWh/year 88,235 530,222 535,893

Load kWh/year 54,903 131,255 211,101

Excess/Loss kWh/year 33,332 398,967 324,792

GHG Emission     

Emission Reduction Potential tCO2/year 73 198 288

Potential Carbon Incentive (USD 
10/tCO2)

USD/year 732 1,983 2,880

Diesel System Component

Diesel Genset kW 40 60 80

Diesel System Cost

Diesel Genset USD 273,272 909,651 1,076,282

LCOE USD/kWh 1.115 1.552 1.141

Energy Balance

Production kWh/year 55,191 155,427 213,169

Load kWh/year 54,933 131,364 211,339

Excess/Loss kWh/year 258 24,063 1,830
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As summarized in table 5, this study found that the LCOE of the renewable system in the advanced 
electrification scenario had the lowest cost per kilowatt hour (0.549 USD/kWh). In comparison 
with the conventional energy system – represented by the diesel-powered system – the average 
LCOE from all scenarios of the renewable system (0.647 USD/kWh) was almost half of the diesel-
powered system (1.269 USD/kWh). From an environmental aspect, the renewable system also 
has the most significant emission reduction potential due to its almost zero emission system. 
The baseline for its emission reduction potential is from the diesel generator. Thus, the bigger 
the system is, the higher emission reduction potential from the renewable energy system. In this 
case, the maximum emission reduction potential is 288 tCO2/year. Assuming the carbon price is 
USD 10/tCO2, this mitigation action will have a potential carbon incentive of USD 2,880/year.

From this preliminary study, it could be concluded that planning the electrification of ‘a’ rural village 
in East Nusa Tenggara, with renewable energy is arguably compared to conventional options. 
The renewable energy architecture has the lowest LCOE (between 0.549-0.735 USD/kWh) as 
opposed to hybrid (0.686-0.913 USD/kWh) and diesel generation (1.115-1.552 USD/kWh). 

This study used preliminary data, largely from literature and other assumptions for technical 
parameters to model the proposed systems for an ‘imaginary case’. In reality, costs, resource 
potential, demand and other variables will vary per situation. For a better result, future research 
should take into account the following considerations:

• Improved (localized) renewable energy data resources (e.g. solar GHI and wind 
speed) as well as local specific data parameters (e.g. fuel price and slope, emission 
factor) ground check and sensitivity analysis;

• In-depth techno-economic comparisons between the renewable energy mini-grid 
against solar home system (SHS) from the perspective of the user, an energy service 
company, and the government;

• Further techno-economic comparisons between the renewable energy mini-grid 
versus the conventional grid extension from the perspective of the user, an energy 
service company, and the government;

• A more comprehensive analysis of GHG abatement cost.
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Appendix A: Variables and Assumptions Power Generation System

Table A. Project’s variables and assumptions.

Parameters/Variables Unit
Case

Reference
Low Base High

Economic      
Discount rate % 4 6 8 Central Bank of Indonesia (2016)
Inflation rate % 0 2 4 Statistics Indonesia (2016)
Technical    
Annual capacity shortage % 0.05 Soeharwinto (2016)
Project lifetime years 5 Soeharwinto (2016)
Minimum renewable fraction % 30 50 70 Soeharwinto (2016)
Annual peak load % 10 Soeharwinto (2016)
Diesel Generator (1 kW)      
Capital cost US$ 495 550 605 Soeharwinto (2016)
Replacement cost US$ 421.2 468 514.8 Soeharwinto (2016)
Operating & maintenance cost US$/hr 0.18 0.2 0.22 Soeharwinto (2016)
Lifetime hours 15,000 Soeharwinto (2016)
Diesel fuel price US$/L 0.63 0.7 0.77 Soeharwinto (2016)
Solar PV (1 kW)      
Capital cost US$ 990 1,100 1,210 Hiendro et al. (2013)
Replacement cost US$ 594 660 726 Hiendro et al. (2013)
Operating & maintenance cost US$/yr 4.95 5.5 6.05 Hiendro et al. (2013)
Lifetime years 25 Hiendro et al. (2013)
Derating factor % 80 Hiendro et al. (2013)
Wind (1 kW)      
Capital cost US$ 2,700 3,000 3,300 Hiendro et al. (2013)
Replacement cost US$ 1,350 1,500 1,650 Hiendro et al. (2013)
Operating & maintenance cost US$/yr 108 120 132 Hiendro et al. (2013)
Lifetime years 20 Hiendro et al. (2013)
Hub height m 25 Soeharwinto (2016)
Converter (1 kW)      
Capital cost US$ 450 500 550 Hiendro et al. (2013)
Replacement cost US$ 405 450 495 Hiendro et al. (2013)
Operating & maintenance cost US$/yr 4.5 5 5.5 Hiendro et al. (2013)
Lifetime years 10 Hiendro et al. (2013)
Efficiency % 98 Hiendro et al. (2013)
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Parameters/Variables Unit
Case

Reference
Low Base High

Battery (1 unit)      
Capital cost US$ 211.5 235 258.5 Hiendro et al. (2013)
Replacement cost US$ 211.5 235 258.5 Hiendro et al. (2013)
Operating & maintenance cost US$/yr 4.23 4.7 5.17 Hiendro et al. (2013)
Lifetime years 10 Hiendro et al. (2013)
Voltage V 6 Hiendro et al. (2013)
Maximum Capacity Ah 360 Hiendro et al. (2013)
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Abstract. Banana waste is agricultural residues that can be utilized as biomass sources due 
to its lignocellulosic content. The In-liquid plasma method was applied is to investigate the 
possibility of hydrogen production from banana pseudo-stem, banana true stem and banana 
peel. In this study, cellulose was decomposed from banana waste using radio frequency 
(RF) as a power source. When applying plasma in banana waste powder, all main gas and 
by-product were observed using gas chromatograph. At the initial concentration of 0.5 wt%, 
higher hydrogen production rate and hydrogen percentage 0.30 mL/s and 70.03% respectively 
was obtained when using banana true stem. 

1. Introduction
Banana (Musaceae) is one of the herbaceous plants of the genus Musa that grown in every 
tropical and subtropical region. It is breed mainly for its fruits for application in food industry. Some 
researchers have reported that Banana tree cultivation is the fourths largest food crop of the 
worlds (Kv, Sarvamangala, Kandisa, Gopinadh, & King, 2013). In 2015, approximately 9.5 million 
tons of bananas were produced in Indonesia (Of & Chemical, 2010).  

About ten until 12 months needed from banana planting until harvesting time. However, it only 
breeds fruits once in a lifetime. After harvesting time, banana tree will be cut and leaving the base 
piece of stem and rhizome untouched. Banana produced waste such as rotten fruits, fruit bunch, 
stem, leaves, pseudo-stem, and rhizome. The previous study has reported that for every ton of 
banana picked, 100 kg of fruit is eliminated, and about 4 tons of wastes are produced. It is implied, 
that for each cycle of production four times of waste are produced (Abdullah, Sulaiman, Miskam, 
& Taib, 2014). 

Overall, most of banana by-products are undervalued commodity with a limited application 
and even considered as an agricultural waste.  To provide some of the nutrients in the soil, the 
pseudo-stem and leaves are left to rot in farms. While pseudo-stem piths, inflorescence, and 
young shoots, in spite of consumed as vegetables by a peculiar community in parts of Southeast 
Asia region, they may not be able to compete with the common leafy vegetables due to its 
undesirable taste. On a small case, banana waste was utilized as an animal feed to minimize 
cost production. However, since its higher water content that may reduce its nutritional density, 
additional processing is required in this application. In some places where “open fire burning” 
is still practiced, the burning of banana wastes may contribute to serious environmental issues. 
Almost 80% of the total plant mass was produced from waste that a single banana produced. It 
is estimated that 220 tons of by-products are produced per hectare annually indeed requires an 
innovative idea to turn these readily available resources into a value-added products (Padam, Tin, 
& Chye, 2012).
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Banana pseudo stem by product generated in banana which is planted on a large scale contains 
an average amount of cellulose 47 %, hemicellulose 13 %, holocellulose 55 %, lignin 13.0 %, ash 
8.2 % and extractives 3.05 % (Idrees et al., 2013; Li et al., 2015). The green banana peel presents 
cellulose content of 7.5% (Tibolla, Pelissari, Rodrigues, & Menegalli, 2017).  Banana by-products 
are an abundant and cheap resource of lignocellulosic biomass that can be found throughout the 
world especially in Asia and Europe.

Cellulose, the major structure component of plants, is a glucose polymer bounded in the β-1, 
4 linkage configuration. The β-1, 4 linkage allows the cellulose polymer to crystallize in a linear 
configuration, with a high degree of intermolecular hydrogen bonding, which gives it substantial 
shear and tensile strength (Singanusong, Riantong Tochampa, Worasit Kongbangkerd, Teeraporn 
Sodchit, 2014). 

Development of in-liquid plasma application has been applied with great success in various fields 
such as nanoparticle production (Amaliyah, Mukasa, Nomura, & Toyota, 2015; Hattori, Mukasa, 
Toyota, Inoue, & Nomura, 2011), decomposition of clathrate hydrates (Shinfuku Nomura et al., 
2011) methane hydrate (Rahim, Nomura, Mukasa, & Toyota, 2015a) (Rahim, Nomura, Mukasa, & 
Toyota, 2014), and hydrogen production from glucose (Syahrial, Nomura, & Mukasa, 2015) due 
to the high temperature and high electron density it provides either at atmospheric and higher 
pressure (Hattori et al., 2013). Plasma is generated inside bubbles produced by the evaporation 
of surrounding liquid heated by plasma (S Nomura et al., 2011)

Hydrogen production from cellulose has been extensively investigated. From pyrolysis catalytic 
reforming of cellulose, the lifetime test showed that hydrogen production was about 28 mmol g-1 
of cellulose (Zou et al., 2016). High temperature (~650 oC) and high catalyst loading (~100%) are 
favorable for hydrogen production from lignin, cellulose and waste biomass via supercritical water 
gasification (Kang, Azargohar, Dalai, & Wang, 2016). The effect of biochemical composition and 
temperature was found to be a key to sustainable bio-hydrogen production of cellulose (Gadow, 
Li, & Liu, 2012)(Tian, Li, He, & Tan, 2017)

In-Liquid plasma method has been applied to produce hydrogen from glucose solution and 
cellulose suspension by 27.12 MHz RF with and without ultrasonic irradiation (Syahrial, Mukasa, 
Toyota, Okamoto, & Nomura, 2014), using batch-type breakdown device and funnel shape device 
(Rahim, Nomura, Mukasa, & Toyota, 2015b)  and using various types of reagents such as H2SO4 
and NaOH (Tange, Nomura, Mukasa, Toyota, & Syahrial, 2016). Since cellulose is nonvolatile, it 
cannot enter the bubble containing plasma, so the cellulose is not directly decomposed by plasma, 
but rather is decomposed indirectly by the active radicals created by plasma. Another research in 
the decomposition of cellulose has been conducted using hydrothermal decomposition (Jewena, 
Miyanomae, Sasaki, & Mashimo, 2017) and thermal decomposition (Shen & Gu, 2009). Most of 
cellulose decompositions are using chemical cellulose powder.

In this study, cellulose is directly decomposes from biomass source from a banana using radio 
frequency (RF) In-Liquid plasma. Three types of biomass source from banana such as banana 
pseudo stem, true stem and banana peel powder were used to compare gas production rate and 
gas percentage produce from the decomposition of cellulose content in that biomass.  

2. Methodology
Banana pseudo stem, banana true stem and banana peels were cut into small pieces and air 
dried for approximately a week in the sun and then pulverized into a mesh size of about 50 µm. 
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The experimental apparatus is schematically shown in figure 1. Radio-frequency (RF) in-liquid 
plasma was generated at the tip of the electrode. An electrode composed of a copper rod 3 mm 
in diameter enveloped by a glass pipe with an outer diameter of 6 mm and an inner diameter of 4 
mm as a dielectric substance was inserted at the bottom of a polycarbonate reactor vessel. The 
inner and outer diameters of the reactor vessel were 55 mm and 60 mm, respectively. In order to 
generate plasma in liquid, the impedance and input power were adjusted together by a matching 
box and 27.12 MHz RF generator.

Figure 1.  Schematic diagram of experimental apparatus

The initial concentrations of banana powder solution were prepared at 0.5 wt%. 80 mL of pure 
water and banana waste powder were poured into the reactor vessel.  The pressure of the 
reactor vessel was reduced to 0.02 MPa using an aspirator to expel the air. In-liquid plasma 
was generated at an RF input power of 200 W at atmospheric pressure. The power values were 
calculated by subtraction of the reflected power from the forward power. The reflected power, 
which can be determined from the monitor of the RF generator, was maintained constant at the 
lowest value possible. The gas produced was collected from the top of the reactor vessel using 
water displacement method after the pressure reaches the atmospheric pressure. Gas collected 
then transferred to a gas-tight glass syringe and the concentration of the produced gas was 
determined with a gas chromatograph (GC-14A Shimadzu). Argon gas was used as the carrier 
gas with a flow rate of 0.5 mL/s and the head pressure was 152 kPa. 

3. Result and Discussion
The experiment for hydrogen production from banana waste was carried out at atmospheric 
pressure in-liquid plasma generated by an RF generator. Three types of banana waste were used 
in order to analyze the hydrogen production rate. The incident power of RF was 200 W. 
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Figure 2. Decomposition of banana waste: Main gas production rates at initial concentration 0.5 wt%

Figure 2 shows the production rates of the main gasses produced from the decomposition of 
cellulose as a function of kind of banana waste at initial concentration 0.5 wt%. The volume of gas 
produced was 200 mL after exposure to RF in-liquid plasma for 10 minutes. The gas production 
rate is calculated from the average of the percentage of each gas produced, the total volume 
and the time exposed. The higher production rate was obtained when using banana true stem 
powder, and the lowest in banana peel powder.  As can be seen in Figure 3, the hydrogen gas 
increased when using banana true stem due to methane and ethylene were not observed by gas 
chromatograph result. When applying plasma in banana pseudo stem powder, all main gas and 
by-product were observed using gas chromatograph, while in banana peel powder, acetylene and 
ethylene were not detected.
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The decomposition of cellulose will not occur directly by the plasma, because cellulose is 
nonvolatile and remains in the liquid water in spite of evaporation of water. The evaporated water 
is fed into the plasma, and decomposed by the plasma. Cellulose content in true stem was higher 
than other and if the concentration of cellulose increases more, the decomposition of cellulose 
will occur by hydroxyl radicals which are produced by the decomposition of water. This is because 
the hydroxyl radicals reach the surface of the bubble more easily without colliding with the water 
molecules in the bubble (Syahrial et al., 2014).

Though the hydrogen production rate is still low in RF in liquid plasma using banana biomass 
powder, this process can be applied directly on biomass source without using any catalyst for 
hydrogen production making it possible to be considered as a promising technique in the future.

4. Conclusion
Hydrogen gas including any main gas and by-product is decomposed from cellulose content 
in banana pseudo-stem, banana true stem, and banana peel using in-liquid plasma method in 
this early finding. This method induced the formation of OH and H radicals that are essential for 
decomposition of cellulose. The production rate and gas percentage were higher when applying 
plasma in banana true stem. This result raises the prospect of investigating the influence of 
concentration and pretreatment on banana waste for future research.
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Abstract. The Indonesian Power Plan of 2019 calls for an ambitious goal of 35 GW of new 
power generation and heavy investment in the existing grid. The majority of this investment 
will be in traditional coal-fired plants serving the western islands of Java of Sumatra. The 
Ministry of Energy has also given itself an ambitious mandate of generating 23% of the 
country’s power from renewable sources by 2025. These aggressive goals have been viewed 
with scepticism, as successful energy policy in Indonesia faces many challenges: a confusing 
regulatory environment; an unwieldy bureaucracy lacking centralised authority; a lack of 
sustainable financing. Perhaps most important, the country consists of thousands of islands, 
where capital-intensive power plants and grids are economically unviable in the many remote 
areas of the grid. 
This last challenge, however, actually presents an opportunity for Indonesian energy policy 
to lead the way as an innovator. Traditional energy policy, derived from the 20th century 
experience of the United States, has long emphasised investment in fossil fuel power plants 
and one-way distributional grids where power is generated in big, expensive plants and 
then transmitted over long distances to urban centres. This model was appropriate for the 
urbanising, industrial conditions of 20th century America. This paper argues that it is no longer 
appropriate for shaping energy policy in the 21st century, as renewable technologies are 
altering the calculus of energy policy and grid construction. Alternatives to capital-intensive 
fossil fuel plants - such as solar, biogas or wind - can be built to take advantage of local 
natural resources and scaled up rapidly to power small micro-grids. With advances in storage 
technology, grids no longer necessarily need to be one-way distribution systems, but can be 
multi-directional, while improved software is making the delivery of power more targeted and 
efficient. 
Indonesia’s geographical challenges present an opportunity to embrace these technological 
innovations and lead the way in harnessing localised natural resources to power smaller, 
nimbler and smarter grids. Committing to American-style investment in capital-intensive 
fossil fuel plants while continuing to invest in large one-way distributional systems will never 
fully address the challenges of power generation in Indonesia. By analysing the history of 
energy policy in 20th century America, this paper will illuminate how incentives have become 
misaligned and explicate why this framework is no longer the most appropriate for electrifying 
the cities of the 21st century. It will further argue that this is particularly true in Indonesia, where 
the challenge of powering remote grids has long been an obstacle to successful energy policy. 
By embracing this apparent shortcoming through the prudent application of new technologies, 
Indonesia can turn a liability into an asset and position itself to be a leading innovator in 
energy policy. 
Keywords: Renewables, energy policy, Indonesia, development economics 

1. Introduction
When President Joko Widodo unveiled his 5 Year Power Plan for Indonesia in 2015, one of the 
stated goals was to add 35 GW of capacity to the grid by 2019, the year in which he will come up 
for re-election (Jegho, 2015). This is an ambitious target and unlikely to be achieved in the given 
time frame. One of the main challenges is that it is expensive and difficult to deliver electricity 
to the remote eastern provinces of Indonesia. The challenge of remote electrification is further 
exacerbated by the fact that much of the planned development is already earmarked for the large 
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and densely populated islands of Java and Sumatra which will mainly be served by new high-
capacity coal-fired plants, and expansions of existing transmission grids (Deloitte, 2016). 

The final wrinkle is that the Ministry of Energy and Mineral Resources recently set a goal of 
boosting renewables as a portion of the total energy mix in Indonesia from 10% to 23% by 2025  
(Wulandari, 2017). This is an ambitious and perhaps unrealistic target given current economic 
and policy constraints. The state electricity company PLN purchases a significant portion of its 
energy from independent producers and as long as fossil fuels remain cheaper to produce and 
buy, it will continue to prioritize their purchase over renewables in the absence of large, market-
distorting government subsidies. Given this incentive structure, Indonesia runs the risk of getting 
locked into a high-carbon power structure and missing out on the environmental and economic 
benefits of clean energy technologies (Jotzo, 2016). It also runs the risk of continuing to neglect 
remote grids in eastern Indonesia. 

The research puzzle being addressed in this paper is thus primarily a policy-oriented one. How 
can Indonesia increase overall generating capacity, while boosting the share of renewables 
and delivering power to remote grids in eastern Indonesia? What policy steps can be taken to 
overcome these obstacles? While there is certainly no magic bullet for these complex challenges, 
this paper argues that pursuing renewable energies and grid technologies in remote micro-grids in 
eastern Indonesia is one way to approach the problem, as it will both increase rural electrification 
and boost the percentage of renewables in the overall energy mix. It will also help Indonesia 
develop alternatives to the old-fashioned, high-capacity grids that are currently receiving the bulk 
of resources and political capital in Java and Sumatra. This will diversity its energy resources and 
prevent an overreliance on what may be an out-dated model of energy policy. 

2. Background 
Of the 35 GW of increased capacity Jokowi envisions, 28 of it is slated for Java and Sumatra - 18 
GW in Java and 10 GW in Sumatra - relying primarily on high-capacity coal-fired plants capable 
of generating several hundred MW or more. That power will be distributed along unidirectional 
power transmission grids to the large number of consumers concentrated in big urban centres 
like Jakarta, Medan and Surabaya. But this orientation toward a fossil fuel-powered grid will 
not address the problem of powering Indonesia’s more remote and isolated grids. The need 
for electricity in the eastern part of the Indonesian archipelago, in remote areas such as the 
Malukus and Papua, cannot be adequately addressed with traditional, one-way grids powered 
by high-capacity fossil fuel plants. This is reflected in the fact that the current plan only calls for a 
very moderate additional installed capacity in the Malukus of 272 MW and in Papua of 220 MW 
(Deloitte, 2016). 

This is because building traditional high-capacity power plants in remote areas of eastern 
Indonesia, where economic activity tends to be limited and where infrastructure and access are 
poor, is difficult. Research into this problem has found that low-emitting grid extensions are the 
most efficient means of providing rural electrification to remote areas, but even low-emitting grid 
extensions using coal power are capital intensive and require an existing, reliably electrified grid, 
thereby posing significant barriers to entry (Y. Nagai, 2010). This in turn has driven up the cost of 
providing electricity in eastern Indonesia much higher than elsewhere in the country, and that cost 
is absorbed by the state-owned electricity company PLN - and ultimately the government. Many 
of these areas end up relying on expensive and dirty imported diesel fuel to run generators, or on 
biomass such as burning wood (SERIG, 2017).

This challenge of geography has bedevilled Indonesian energy policy for decades. Under the 
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New Order, the distortion of energy prices was paved over to a degree through the application of 
generous subsidies, but in the reform era the government has tried to make the price of energy 
for consumers more accurately reflect its cost. The state energy monopoly, PLN is responsible 
for covering any shortfalls in revenue and has historically incurred huge losses because of this 
system – thus a wave of legislation in recent years has tried to get retail prices more in line with 
costs (World Bank, 2008). As Indonesia democratized and increasingly devolved authority and 
responsibility to the provincial and local level, the energy needs of these far away provinces have 
become more obvious. This paper argues that what might appear at first blush to be a liability is 
actually an opportunity for Indonesian energy policy to adopt and pursue what may be the cutting 
edge of grid technology and energy policy.

3. Conceptual Framework 
Building one-way grids fed by fossil fuel power plants may be an appropriate strategy when 
seeking to power industrializing, developing urban areas in Java and Sumatra. Indeed, the needs 
of those markets are not too different from those of the United States in the 20th century (steady 
economic growth, growing middle class, expanded domestic consumption, rapid urbanization), 
and thus pursuing a similar model is both good policy and economically sustainable – as the 
paper will detail below. Coal, despite environmental concerns, makes economic sense in certain 
parts of Indonesia while the industry waits to see if natural gas will present itself as a cleaner, 
more affordable alternative (Cornot-Gandolphe, 2017). 

But in remote areas of Indonesia, policy would be better served by aggressively embracing the 
potential of renewable energy sources – solar, wind and biogas – to power smaller, smarter and 
more nimble micro-grids. Indeed, the unique environments in these remote areas, and the variety 
of natural energy sources available in each area, make them ideal candidates for developing 
renewable technologies that can be deployed to capitalize on the particular natural advantages 
of far-flung places. Further, it would place Indonesia in an advantageous position in developing 
smaller, more efficient decentralized grids that utilize a variety of energy sources. As the paper will 
argue below, it is probable that the future of energy policy will be smarter, more flexible and rely 
on efficiency gains in the distribution systems so policy-makers would be well-advised to embrace 
the trend early on. 

This argument is supported by a comparative analysis of energy policy in the United States and 
Indonesia, highlighting some important congruities as well as the limits of US experience for 
Indonesian policy. Drawing on media accounts, industry reports, government documents and 
contemporary scholarship the paper will first detail the historical contingencies that determined 
energy policy in the United States, comparing them favourably to the current energy needs in 
population-dense islands like Java and Sumatra. It will then argue that this model is reaching 
the limits of its utility in the United States because of the influx of smarter, more adaptable, multi-
directional renewables and grid technologies as well as improvements in battery storage. This 
argument will then be extended into Indonesian energy policy, arguing that if the Indonesian 
government embraces the flexible, small-scale potential of micro-grids powered by a variety of 
renewable technologies it could be a solution for powering remote grids in eastern Indonesia 
that is both practical and economically sustainable. Moreover, it would provide Indonesia the 
opportunity to be on the leading edge of what may be the future of energy policy. 

4. The United States and Its Vertically Integrated Energy Monopolies – Still 
Viable? 
Energy expert David Roberts argues that the electric grid that currently serves the United States 
is a relic of 20th century American industrialization (Roberts, 2015). At that time, it made sense to 
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build big, powerful plants (fuelled by coal or oil) that fed a one-way grid. Power was trafficked from 
these high-capacity plants great distances over AC transmission lines to electrify booming cities. 
As the United States industrialized in the 20th century and experienced rapid growth of densely 
populated urban centres, being able to transmit electricity over long distances to power cities was 
an important way to facilitate that growth. The regulatory architecture that evolved to serve that 
market – in which energy monopolies were allowed to exist as long as the rates they charged 
consumers, and returns they paid to investors, were carefully controlled by utility commissions – 
was appropriate for the circumstances. The paramount need driving energy policy at that time was 
to build as many power plants as possible to feed a growing, industrializing economic machine. 

A report from America’s Power Plan, a consortium of industry and academic leaders that discuss 
power transition in America, concludes that while that system reflected the requirements of last 
century’s power needs, it is no longer in touch with the needs of the modern economy (Boyle, 
2016 ). That kind of vertical consolidation made sense for the 20th century American economy – 
the government allowed utilities to maintain monopolies on generation and distribution as long as 
they continued building plants and investing in the grid. The regulatory architecture allowed the 
utilities to recover their costs, plus a rate of return on investment that was set by the regulators. 
Experiments with liberalizing and deregulating this model and exposing it to market forces in the 
early 2000s turned out to be disastrous (Wasserman, 2001).

The energy sector in Indonesia at least partially reflects this model, and the latest proposed Power 
Plan borrows heavily from it.  In Jokowi’s Power Plan, capital is mainly being allocated to high-
capacity coal and gas-fired plants feeding the large and relatively well-connected grids in Sumatra 
and Java. PLN has a monopoly on distribution and the retail price of energy is tightly regulated by 
the state using a cost-plus model, in which PLN is paid for the cost for generation plus a margin, 
usually around 7% (Tharakan 2015). This arrangement is not an exact analogy of the US system, 
but the central strategy is similar: encourage investment in high-capacity fossil fuel plants while 
regulators tightly control prices and make up revenue shortfalls through subsidies, thus buffering 
the industry from market externalities.

The limits of this model are now being tested in the US. Digital technologies, and in particular smart 
grid technologies, are eroding the traditional efficiency gains of vertically integrated monopolies 
where the utility generates and distributes power over one-way grids (Kiesling, 2015). Barriers to 
entry for alternative energy sources are getting lower – solar panels are becoming increasingly 
competitive with fossil fuels, even without subsidies (Krugman, 2015). Battery storage is improving, 
requiring less blind reliance on a traditional grid and giving electricity consumers greater options 
for storing power and utilizing it more efficiently – which is further contributing the a disruption of 
traditional utility models in the United States. (Wagner, 2017) 

Roberts summarizes the changing landscape of energy policy and utility systems in America 
like this: ““The 20th-century ‘hub and spoke’ grid was built to be big, dumb, and one-way only, 
producing electricity at central-station power plants and spilling it through lines into consumer 
homes and businesses.” (Roberts 2015).  But the 21st century will call for smarter grids that 
are more flexible and sectioned into micro-grids. It will also call for multi-directional grids where 
consumers can generate their own power and sell it back to the grid when not needed. A vertical 
monopoly by utilities on generating and distributing power will become increasingly unnecessary 
as renewable technologies provide a variety of inexpensive potential sources of energy – solar, 
geothermal, biomass gasification – for the grid to draw upon. 

More important will be mastering the efficient management and distribution of these various energy 
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sources through improved grid technology, and this is an area the United States is in some danger 
of falling behind in. This is because market realities have been obscured and distorted by powerful 
special interests and subsidies, some of them over a century old that were originally designed to 
help a growing coal and oil industry at the turn of the 19th century. While renewables such as solar 
have received healthy subsidies in the last decade designed to encourage development, based 
on total volume they still only receive about 1/7 of what the fossil fuel industry receives (Roberts, 
2017).

This suggests that the United States is behind the curve on energy policy. It is still propping up 
fossil fuels through subsidies that distort their actual profitability and efficiency. And its regulatory 
structure is propping up an out-dated vertically integrated model for energy utilities, when in fact 
there is evidence that 21st energy policy will increasingly benefit from sectioned grids that are 
smarter, nimbler and more efficient at managing and distributing energy coming from a wide 
variety of sources. It will take years to unwind and re-organize a complex regulatory structure 
where incentives are aligned to encourage massive investment in big power plants and large, 
one-way distribution grids. Indonesia, on the other hand, is well positioned to channel investment 
and policy planning toward renewables as well as smaller, nimbler micro-grids. PLN, as the 
national distributor, is already tasked with managing a wide variety of energy producers, and wide 
variety of renewable energy sources throughout the archipelago. The geographical challenges 
that used to seem like serious impediments to developing a nation-wide and sustainable energy 
policy could yet prove a boon. 

5. Indonesia, Renewables and Remote Grids – Liability or Asset? 
Indonesia is spread across thousands of islands, with a wide range of natural resources and 
geological diversity. And while this has historically posed a challenge to electrifying remote grids 
in far-flung areas, it need not necessarily be so. This diversity may indeed be viewed as an 
asset for developing a diverse, vibrant energy economy. PLN’s largest grids are concentrated 
on the islands of Java and Sumatra while the rest of its generating capacity is spread across 
600 isolated systems throughout the rest of the archipelago (Tharakan, 2015). That means the 
needs of the energy market in Indonesia are already best serve by micro-grids. Expanding the 
capacities of these 600 isolated grids using more traditional methods, such as in the American 
case, would require prohibitively expensive expansion of coal or gas-fired plants. Alternatively, 
capacity in some portion of those 600 isolated grids could be expanded by employing renewable 
technology to capitalize on available natural resources – wind, solar, geothermal – thus adding 
capacity at a lower cost without building out expensive and economically unfeasible plants. As the 
national energy company, PLN would be well-advised to begin investing and develop smarter grid 
technology that can more efficiently manage this wide variety of energy sources. 

The rich diversity of energy sources in Indonesia’s remote grids was reflected in the results of 
a pilot program launched by the US Department of Energy in 2013 called Sustainable Energy 
for Remote Indonesian Grids (SERIG). SERIG’s mission was to explore a variety of different 
remote locations throughout Indonesia to determine what the most viable renewable source of 
power in each location was, in an effort to wean these locations off of diesel fuel. A team looked 
at 3 different Indonesian areas and found that each area had a different most efficient natural 
resource for electricity generation – solar, wind and biogas from waste fills (Burman, 2014). In 
inner Kalimantan, for instance, the report found that capturing biogas from palm oil waste could 
reduce dependence on diesel by 98%. 

Capturing biogas from waste fills is an especially interesting avenue for renewable energy. Clean 
Power Indonesia, a Jakarta-based renewable energy company, has been building bamboo 
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gasification plants including an off-grid plant in Sumatra and a grid-connected plant in Bali 
(Colombu, 2016). More plants, with a generating capacity of 3.5 MW broke ground earlier this 
year in Papua (Somba, 2017). This method of energy capture is especially suited for areas of 
Indonesia where agricultural plantations generate large amounts of waste. Using technology to 
capture that waste and convert it into clean energy is an ideal solution for hard to reach areas 
of Sumatra, for instance, where environmentally harmful plantations have frequently been over-
developed. 

Solar power may not be viable as a national power source (Indonesia, located on the Equator, 
experiences substantial cloud cover during the year) but some areas, like East Nusa Tenggara, 
receive consistent sunlight making them ideal locations to build small-scale solar plants. A 5 MW 
solar plant that recently came online in Kupang is an instructive example of tailoring renewable 
technology to the unique circumstances of different areas. The plant, which is located in a remote 
eastern province of Indonesia, is able to operate in isolation while feeding a micro-grid serving the 
surrounding area. The plant is a proof of concept that can be scaled up in other remote, sunlight-
rich parts of Indonesia (Pradipta, 2016). The first large-scale wind power plant in Indonesia is 
also currently under construction in Southern Sulawesi.  Once completed, its 21 wind turbines are 
expected to produce 60 MW of energy (Febrianto, 2016).

This is of course not an exhaustive list of all the renewable investment projects or opportunities 
available in remote parts of Indonesia, but is merely meant to highlight the diversity of natural 
energy sources throughout the archipelago – solar in Nusa Tenggara, biogas in Sumatra and 
Kalimantan and Papua, wind in South Sulawesi. It should be noted that the generating capacity 
of such plants is generally small-scale. The Kupang plant has 5 MW of installed capacity while 
the plants in Papua produce 3.5. In order to meet the ambitious goal of adding 35 GW of capacity 
by 2019, there is no choice but to put the majority of resources toward coal and gas for the 
moment. But in the rush to bring as much installed capacity online as possible, the importance of 
diversifying the energy markets in Indonesia, and applying the right technological solutions in the 
appropriate places, should not be lost. 

A one-size-fits-all approach to energy policy is inappropriate for Indonesia, which faces a variety 
of geographical challenges in generating and distributing sufficient power to the many and various 
inhabited islands that comprise the country. The adaptability and flexibility of emerging renewable 
technologies may hold the answer. By carefully evaluating the needs and the natural resources 
available in specific areas, renewable plants using biogas and solar can harness the potential of 
the local environment to generate enough energy to feed small micro-grids. This would bypass 
the need to build costly plants and grids, and would embrace an approach where solutions are 
designed to suit the available resources. It also poses a viable alternative to the American model 
of high-capacity plants feeding unidirectional grids, a model which may be reaching the end if its 
viability. 

6. Policy Impact
The main objective of this paper is to highlight an opportunity for Indonesian energy policy. It 
is an opportunity that first presents itself as a challenge – providing electricity to remote areas 
of the country. Building traditional fossil fuel plants to deliver power to remote villages in Papua 
or Kalimantan is neither cost effective nor practical, and has forced populations to go without 
electricity to rely on expensive diesel for generators. Further, the government has given itself the 
ambitious goals of adding 35 GW of power to the grid by 2019 and increasing renewable energy 
to 23% of the total energy mix by 2025. Some of these goals seem to be incompatible. If total 
volume of electrification at any cost is the highest priority, investing in a hub-and-spoke system 



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 197

of high-capacity coal plants feeding one-way grids in the most densely populated, urbanized 
and industrialized areas is likely the best option. This will, however, divert resources away from 
developing renewables and delivering power to remote areas. 

The experience of the United States, however, is exposing the limits of such a model. Renewable 
technologies like solar are becoming cheaper, and thus lowering barriers to entry while also 
promising to decentralize energy markets. Battery storage technology is progressing apace, 
a confluence of factors that is slowly eroding the monopoly power of old fashioned utilities to 
generate, store and deliver power. The inertia of these changes likely cannot be contained. If 
Indonesia doesn’t position itself to embrace the decentralization of energy production, it may find 
itself locked into an inefficient, costly high-carbon energy system that is a relic of the last century.  

While it still makes sense to pursue the hub-and-spoke model on Java, far-flung provinces in 
the Malukus or Papua would benefit from a more aggressive push for renewables. The goal for 
installed capacity is modest in these areas: 272 MW and 220 MW respectively. Investing in a 
series of 5 MW solar and biogas plants in the Malukus and Papua that feed small sectioned grids 
serving limited areas, could realistically hit those targets while also diversifying the overall energy 
mix in the country. Moreover, PLN would gain valuable technical skills, experience and technology 
in the process of developing and operating smarter sectioned grids, a trend that this paper argues 
is going to be a significant factor in the future of energy policy. By doing so, Indonesia could 
take an important step in developing an alternative to the 20th century fossil fuel model. Solar 
panels and wind turbines will not get 35 GW of power online in time for the next election. But 
by recognizing the inefficiencies and drawbacks of the high-capacity old-fashioned grids, and 
pivoting toward renewables which are actually very well-suited for the challenges of electrifying its 
remote grids, it can at least hedge its bets and be better positioned to ride out the coming changes 
in energy technology and market forces. 
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Abstract. Indonesia’s declining oil production and rising domestic oil consumption has been 
a big issue for the last decades which has turned Indonesia into a net oil importer from 2004 
onward. In 2016, Indonesia has 85 exploitation working areas in which 65 of them have 
produced oil and gas. The lack of exploration activities and other investments in oil and gas 
sector have resulted in the decline of Indonesia’s oil production. This condition is as aresult 
of the plunge of global oil price which has fallen to its lowest level (30.32 US$/Bbl) over the 
last 12 years.

The purpose of this paper is to evaluate and analyze the distribution of oil and gas production 
in Indonesia along with the production cost to allow investors in finding and mapping working 
area in Indonesia that has potential commercial reserves while maintaining the lowest possible 
production costs during 2017. The approach of this empirical study is by dividing Indonesia’s 
geographical areas into 6 (six) namely Sumatera, Natuna Sea, Java, Kalimantan, Sulawesi 
and Papua. We have collected relevant data about commercial reserves and production 
cost from existing working areas. Our preliminary result depicts that Papua has the highest 
reserves (i.e., 16.71 MMBOE per contract area) and the lowest production cost (i.e., 3.24 
US$/BOE). Sulawesi, meanwhile, has the lowest commercial reserves (i.e., 5.39 MMBOE/
Contract Area) and Natuna has the highest production cost (i.e., 12.42 US$/BOE). 

In summary, this study has shown that Papua basin (Eastern area of Indonesia) might hold 
more oil and gas reserves which can be further managed by Contractor for the benefit of 
the Country. This study would also suggest the Government of Indonesia be aware of the 
condition of each working areas to maintain a sustainable oil and gas production on a National 
level and create attractiveness for investors in the future.
Keywords: Commercial reserves; Cost per barrel; Energy; Investment; Production costs; 
Working areas.

OIL AND GAS INDUSTRY IN INDONESIA
Introduction on SKK Migas
Based on Presidential Regulation Number 22 of 2001 and Number 9 of 2013, the Government of 
the Republic of Indonesia formed an institution called Special Task Force for Upstream Oil and 
Gas Business Activities (SKK Migas). The Institution is assigned to manage the upstream oil and 
gas business activities under a Cooperation Contract. One of SKK Migas’ functions is to approve 
Plan of Development (POD) documents or proposal based on technical and economic evaluation. 

Production Sharing Contract
Since 1966, the Production Sharing Contract (PSC) concept has been the basic form of cooperation 
with foreign oil companies working in petroleum exploration and production in Indonesia. Under 
the PSC regime, the period of contract shall not exceed 30 years. The exploration period is six 
years and included in the 30 years period. The exploration period can be extended once but  
cannot exceed four years, which will be further proceed to production phase, if there is sufficient 
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hydrocarbon. If the contractor fails to produce hydrocarbon commercially within ten years, the 
working area shall be returned to the Government of Indonesia.

Here is the general flow diagram of PSC in Indonesia:

Figure 1. Production Sharing Contract Flow Diagram

The duration for PSC 30 years as from the date of the contract signed and may be extended for 
20 years. Contract extensions can be proposed to the Minister of Energy and Mineral Resources 
through SKK Migas within two to ten years before the original contract expiry date.  

The Contractor may propose PSC’s amendments of the terms and condition to the Ministry of 
Energy and Mineral Resources through SKK Migas.. SKK Migas will further evaluate the proposal 
and provide recomendation for  ministry’s approval.

The following table shows oil and gas exploration and exploitation activities within 30 years under 
PSC’s: 

Table 1. PSC’s Activities During Exploration and Exploitation Phases

Exploration Phase 

(10 Years)

Exploitation Phase

(20 Years)

Development Production

	 Geological & Geophysical
	 Seismic & Survey
	 Exploratory Drilling
	 Other Facilities

	 Development Drilling
	 Reservoir Studies
	 Completion
	 Drilling Operation
	 Well Equipment

	  Production Operations
	  Production Facilities
	  Technical Services
	  General & Administration
	  Transportations

Notes:
Exploration 

1. 6 (six) years with a 4 (four) years extension upon Contractor’s request after the 
fulfillment of the minimum requirements.

2. Should the Contractor find no commercial discovery during the ten years exploration 
period, the PSC shall be terminated.

3. During the first three years of exploration period, Contractor shall perform committed 
work programs at the estimated amount as set out in the contract. In the event 
Contractor terminates it before completing the work programs, the outstanding 
commitments shall be payable to the Government through SKK Migas.
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Exploitation
Upon approval of the first Plan of Development (POD), the Contractorshall commence the 
development of the field no later than five years following the end of the exploration phase 
(Yuwono, 2008). 

Under PSC fiscal regime, to enable the project to be economically accepted, the Contractors 
may alternate the terms and conditions of the PSC, i.e,. depreciation acceleration, request for 
incentives (Investment Credit and Interest Cost Recovery), Domestic Market Obligation holiday, 
and change in the percentage of First Tranche Petroleum (FTP’s) shares and split ratio (between 
Contractor and Government). 

The following diagram illustrates flow of PSC:

Figure 2. Production Sharing Contract (PSC) Diagram (Lubiantara, 2013)

In general, oil and gas price highly depends on the world market. As the market price is very volatile, 
the Contractors (both oil and gas) must properly manage their costs, risks and technology. Based 
on that, in August 2016, Minister of Energy and Mineral Resources attempted to create a new 
paradigm of upstream oil and gas management by the issuance Government Regulation Number 
8 of 2017 on Gross Split Production Sharing Contracts to set out a new fiscal and economic 
structure for PSC based on dividing gross production between the state and PSC Contractors, 
without a mechanism for the PSC Contractor to recover operating costs.

The purpose of the establishment of a Gross Split PSC include:

a. Encourage robust and expeditious exploration and exploitation efforts.
b. Encourage oil and gas contractors to be more efficient and perceptive to the price 

volatility.
c. Encourage the Contractorsto be more accountable in managing and controlling their 

expenditures.



202 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Figure 3. Gross Split PSC Diagram

Upon the enactment of Gross Split PSC, the Government’s control over Contractors’ activities 
are not diminished as the determination of working areas is still in the hands of the Government 
which also including the determination of production capacity as well as lifting and commercial 
aspects of oil and gas. In short, the Government believes that the new scheme (PwC Indonesia, 
2017) will:

a. Incentivize exploration and exploitation activities due to the spending and operational 
“freedom” it conveys to the Contractors. The scheme should better allow Contractors 
to focus on cost efficiency, and reduce delays from the bureaucratic approval process 
for expenditures, and

b. Allow the Government to retain appropriate control over the country’s energy 
resources as the Government will continue to be involved in approving key phases of 
upstream business developments (i.e., from the PSC award up to production).

As for benefits that are expected with the implementation of Gross Split PSC are:

a. The concept of “Share Pain - Share Gain”
b. Business risks are mitigated through incentive split.
c. Strengthening the function of SKK Migas so that the institution will focus to supervise.
d. Shorten the business processes as it is expected the Contractor will save around two 

to three years on the procurement process so they can achieve an early production. 
e. Decrease cycle time and cost of first gas and oil.
f. Enhance the involvement of local contents to achieve greater split.
g. Achieve greater certainty on Government revenues through Non-Tax Revenues.
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Here is the general terms and conditions in Gross Split PSC:

Table 2. Base Split on Gross Split PSC

Hydrocarbon Government Contractor
Oil 57 43
Gas 52 48

Table 3. Type of Incentives

No Type of Incentive Additional 
Contractor Split

1 Block Status

POD I 5%

POD II etc. 0%

POFD 0%

No POD -5%

Onshore 0%

2 Field Location

Offshore (0<h<=20m) 8%

Offshore (20<h<=50m) 10%

Offshore (50<h<=150m) 12%

Offshore (150<h<=1000m) 14%

Offshore (>=1000m) 16%

3 Reservoir Depth
<= 2500 m 0%

> 2500 m 1%

4 Supported Infrastructure
Well develop 0%

New Frontier 2%

5 Reservoir Condition
Conventional 0%

Non-Conventional 16%

6 CO2 (%)

<5% 0%

5%=<x<10% 1%

10%=<x<20% 1%

20=<x<40% 2%

40%=<x<60% 2%

x>=60% 4%

7 H2S (ppm)

<100 0%

100=<x<300 50%

300=<x<500 75%

x>=500 1%

8 Oil Specific Gravity (API)
API<25 1%

API>25 0%
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No Type of Incentive Additional 
Contractor Split

9 Local Content

<30% 0%

30%=<x<50% 2%

50%=<x<70% 3%

70%=<x<100% 4%

10 Production Phase

Primary 0%

Secondary 3%

Tertiary 5%

11 Oil Price

<40 8%

40=<x<55 5%

55=<x<70 3%

70=<x<85 0%

85=<x<100 -3%

100=<x<115 -5%

>=115 -8%

12 Cumulative Production

<1 mmboe 5%

1-10 mmboe 4%

10-20 mmboe 3%

20-50 mmboe 2%

50-150 mmboe 1%

>150 mmboe 0%
 

Notes:

• 1 – 10: Variable Split
• 11 – 12: Progressive Split

Plan of  Development
In Indonesia, the term Field Development Plan (FDP) is usually known as Plan of Development 
(POD). A POD is a plan to develop one or more oil and gas field in an integrated way to produce 
hydrocarbon reserves optimally by considering the technical, economic and other aspects. 

There are several types of POD as follows (BP Migas, 2003):

1. POD I
POD I is the first plan to develop oil and gas field once a PSC is signed. This POD is 
subject to Ministry of Energy and Mineral Resources (“EMR”)’s approval. In general, 
the first POD must be proposed and approved before the end of ten years exploration 
period. Should there be no approval given by EMR in ten years exploration period, 
then the working area must be returned to the Government, and all exploration 
costs shall be borne by contractors. The first approval of POD signifies the end of 
exploration period and the contractor shall proceed to development and production 
phase in the next 20 years.

2. POD 2 etc.
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A plan to develop oil and gas field in another different structure from POD I, but in the 
same working area. POD 2 etc. shall be approved by SKK Migas.

3. POFD
A plan to develop oil and gas to produce the incremental of hydrocarbon from existing 
POD whenever the estimates reserves are higher than what was predicted and 
established in a POD. The processing facilities in POFD will use the existing facilities 
in the previously approved POD. POFD is subject to SKK Migas’ approval.

4. POP
A plan to produce one or two exploration wells that had been drilled to collect and 
analyze the subsurface data to find more commercial reserves (if any) that can be 
continued to field POD. Like POFD, the processing facilities in POP will use the 
existing facilities in the previously approved POD. POP is subject to SKK Migas’ 
approval.

Figure 4. Types of Plan of Development

The approved POD can be revised whenever there are significant changes in in the following 
aspects:

a. Oil and gas reserves;
b. The development scenarios, including:

• Number of wells;
• Production facilities; and
• Economics.
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Figure 5. Project Cash Flow and Stages of Exploitation Activities

The exploitation activities in field development consist of 4 (four) stages: 

1. Phase I: Phase after POD approval in the form of FEED implementation or preparation 
of engineering, procurement, construction and installation (EPCI), drilling and at this 
stage, there is no hydrocarbon production (On-stream). 

2. Phase II: Implementation phase of EPCI and at this stage, there is no hydrocarbon 
production (On-stream).

3. Phase III: The stage when there is hydrocarbon production in the field, and there are 
still unfinished POD work programs. 

4. Phase IV: The stage when there is hydrocarbon production in the field, and the 
implementation of the POD work program has been completed.

Since the establishment of SKK Migas, a total of 424 POD has already been approved (as of 
December 2016). In 2015, there was 57 approved POD which was the highest number of POD 
since 2002, while the oil price was at its lowest point since 2005. The increasing number of 
POD approval indicates that investing in Indonesia’s oil and gas industry is still considered very 
attractive and this might have been caused by the flexibility of term and conditions of PSC in 
Indonesia (Figure 2) that helped the projects become economically acceptable.

Figure 6. Plan of Development (POD) Approval vs. Oil Prices (2003 – 2016)
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Figure 7. Oil Prices vs. Oil Operating Cost of POD in Indonesia (2003 – 2016)

Based on statistical analysis, the oil operating costs of the POD (the oil producer) are far below 
the oil prices (Figure 7), although in 2016 has reached the highest since 2003 and was close to 
the oil prices.

The distribution of types of the POD in Indonesia (as of December 2016) can be seen as follows:

Figure 8. Distribution types of the POD

Based on Figure 8, we may infer that the POD were dominated by POFD (38%) and then followed 
by POD (33%), which shows that the number of proven reserves was higher than the previous 
approved POD.

Work Program and Budget
Work Program and Budget (“WP&B”) is a proposed breakdown of Contractors’ annual operating 
and expenditure plans that analyzes the conditions, commitments, effectiveness, and efficiency 
of operations. It describes long-term plans for the activities such as exploration commitments, 
PODs, other approved long-term programs as well as those proposed in a Contract Area to meet 
the SKK Migas’ approval. 

The WP&B cycle in one year is illustrated in the following graph:



208 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Figure 9. Work Program and Budget Cycles

The documents of WP&B contain the following information:

a. Exploration Activities (Seismic & Geological Survey, Drilling, and G & G Studies), 
Lead & Prospect, Exploration Commitment.

b. Production activities and the efforts to maintain the production
• Infill Drilling
• Plan of Development
• Production and Work Over
• Maintain Production

c. EOR Project (Secure Recovery & Tertiary Recovery)
• Cost of the following work programs:
• Exploration Activities
• Development Drilling & Production Facilities
• Production & Operations
• General Administration, Exploration Administration & Overhead Costs 

In the event of changes in approved WP&B such as General Objective and Expenditures, 
Contractors may propose these changes in WP&B Revision mechanism. The following items 
explain the criterion for revision of WP&B (Lubiantara, 2013):

a. Changing the general goals (General Objective)
i. Exploration Phase:

• Changes of approved Firm Commitment.
• Delays/acceleration/alteration of study activities, seismic/survey, exploration 

wells.
ii. Exploitation Phase:

• Changes in Production Target (increase or decrease production).
• Changes in drilling of development wells.
• Change the competition of constructions of the production facility.

b. Increase in Expenditures
In case of any expenditure which may increase the approved budget of Work Program 
and Budget.

PROBLEM STATEMENTS
Based on the financial data as well as production/lifting data submitted and provided by the 
existing Contractors in Indonesia (through WP&B) in 2017, it can be seen and analyze the pattern 
of each Contractor on their production profile and expenditures or spending. The objective of this 
paper:

• To evaluate the distribution of oil and gas production in Indonesia along with the 
production costs which will allow investors to find and map working areas in Indonesia 
that has potential commercial reserves while maintaining the lowest possible 
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production costs.
• To provide a big picture of the current distribution of oil and gas production in Indonesia 

and to attract the investor to make some investments. This paper would also provide 
information to the Government to formulate the most feasible regulations/stipulations 
that would support the oil and gas industry.

METHODOLOGY & RESULTS
We performed two analyses in this paper, being quantitative analysis on the mapping of 
commercial reserves and production costs on the existing Contractors as well as qualitative 
analysis on the final results and possible Government’s further action that can be conducted to 
attract investments. This study are using empirical data from WP&B SKK Migas and IHS Markit.

Quantitative Analysis: Mapping Petroleum Commercial Reserves and Production 
Cost
For this paper, we mapped the existing Contractor’s Working Areas and clustered it into 6 (six 
namely Sumatera, Natuna Sea, Java, Kalimantan, Sulawesi and Papua. Furthermore, collecting 
the data of commercial reserves and production costs from 78 Working Areas in 2017, then 
calculate and distribute the reserves and production cost areas above. 

Figure 10. Methodology of Analysis and Mapping of Petroleum Commercial Reserves and 
Production Cost

Here the explanation of the methodology:

1. Data Collection
As of 2017, there were 85 Working Areas (at an exploitation phase) and only 68 Working Area 
(79%) that are currently in a production phase. Therefore, the total working areas that will be 
analyzed are 67. We utilized and processed the data gathered from Work Program & Budget in 
2017, particularly those related to commercial reserves and its expenditures.

Figure 10. Distribution of Production and Non-Production Contract Areas in Indonesia, 2017
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2. Clustering Area
The areas are divided into 6 (six) namely, Sumatera, Natuna Sea, Java, Kalimantan, Sulawesi 
and Papua). The oil and gas production and its operating costs were generated and processed 
from WP&B 2017 data.

Table 4. Production and Operating Costs

No Area
Number or 
Contract 

Area
Oil, MBO Gas, MMSCF Gas, MMBOE Opex, MUS$ MMBOE US$/BOE MMBOE (per 

Contract Area)

1 Natuna 3 8,268             168,152         28.99             613,381         37.26             16.46             12.42               
2 Sumatera 33 117,076         586,861         101.18           3,159,489      218.26           14.48             6.61                 
3 Jawa 12            97,653          306,126 52.78             1,158,244      150.43           7.70               12.54               
4 Kalimantan 8 30,683           685,101         118.12           1,152,200      148.80           7.74               18.60               
5 Sulawesi 6 5,877             153,428         26.45             184,196         32.33             5.70               5.39                 
6 Papua 5 4,568             457,998         78.97             270,845         83.53             3.24               16.71               

3. Calculation Process
Calculate the commercial reserves and production cost by using the formula below. The rationale 
for using this is to obtain the value of production costs and commercial reserves as these variables 
can show the potential areas as well as investment costs required to develop those areas.

 
𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷. 𝑪𝑪𝑷𝑷𝑪𝑪𝑪𝑪 𝑨𝑨𝑷𝑷𝑨𝑨𝑨𝑨 𝑿𝑿 = 𝑻𝑻𝑷𝑷𝑪𝑪𝑨𝑨𝑻𝑻 𝑪𝑪𝑷𝑷𝑪𝑪𝑪𝑪 𝑷𝑷𝒐𝒐 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑪𝑪𝑷𝑷𝑷𝑷𝑷𝑷 𝑨𝑨𝑷𝑷𝑨𝑨𝑨𝑨 𝑿𝑿 

𝑻𝑻𝑷𝑷𝑪𝑪𝑨𝑨𝑻𝑻 𝑪𝑪𝑷𝑷𝑪𝑪𝑪𝑪𝑨𝑨𝑷𝑷𝑷𝑷𝑷𝑷𝑨𝑨𝑻𝑻 𝑹𝑹𝑨𝑨𝑪𝑪𝑨𝑨𝑷𝑷𝑹𝑹𝑨𝑨𝑪𝑪 𝑨𝑨𝑷𝑷𝑨𝑨𝑨𝑨 𝑿𝑿 
 

𝑪𝑪𝑷𝑷𝑪𝑪𝑪𝑪𝑨𝑨𝑷𝑷𝑷𝑷𝑷𝑷𝑨𝑨𝑻𝑻 𝑹𝑹𝑨𝑨𝑪𝑪𝑨𝑨𝑷𝑷𝑹𝑹𝑨𝑨𝑪𝑪 = 𝑻𝑻𝑷𝑷𝑪𝑪𝑨𝑨𝑻𝑻 𝑪𝑪𝑷𝑷𝑪𝑪𝑪𝑪𝑨𝑨𝑷𝑷𝑷𝑷𝑷𝑷𝑨𝑨𝑻𝑻 𝑹𝑹𝑨𝑨𝑪𝑪𝑨𝑨𝑷𝑷𝑹𝑹𝑨𝑨𝑪𝑪 𝑨𝑨𝑷𝑷𝑨𝑨𝑨𝑨 𝑿𝑿
𝑻𝑻𝑷𝑷𝑪𝑪𝑨𝑨𝑻𝑻 𝑾𝑾𝑷𝑷𝑷𝑷𝑾𝑾𝑷𝑷𝑷𝑷𝑾𝑾 𝑨𝑨𝑷𝑷𝑨𝑨𝑨𝑨 𝑷𝑷𝑷𝑷 𝑨𝑨𝑷𝑷𝑨𝑨𝑨𝑨 𝑿𝑿)  

 

4. Analysis
Perform Top-down Analysis on the commercial reserves and production cost from 6 (six) areas. 
We basically would like to assess the most potential area which has the highest and the lowest of 
commercial reserves and production costs.

5. Bubble Map
Produce bubble map of the commercial reserves and production cost into 6 (six) clustered area 
as to provide the big picture on the geographical area in Indonesia that will help Contractors to 
decide which areas that attract them most.

The results of bubble map of Commercial Reserves and Production Cost are as follows:
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Figure 11. Bubble Map of Commercial Reserves year 2017

Figure 12.  Bubble Map of Production Cost Year 2017 (US$/BBL)

The following graph shows the additional information on the distribution of oil and gas production 
in Indonesia based on data from WP&B 2017:
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Figure 13.  Distribution of Oil and Gas Production from 67 Working Area

Based on Figure 13, the following information can be obtained from  the oil and gas productions 
in Indonesia:

• Oil Production
Sumatera which has 33 producing working areas still dominate the oil production around 
320.75 kbd or 9.72 kbd per working area, meanwhile Papua with 5 (five) producing 
working areas had the lowest oil (condensate) production around 12.51 kbd or 2.50 kbd 
per working area.
• Gas Production
Papua has 5 (five) producing working areas and dominates the Gas production at 
1,255.00 MMSCFD or 251.00 MMSCFD per working area. Meanwhile, Sulawesi with 
6 producing working areas has the lowest Gas production of 420.00 MMSCFD or 70 
MMSCFD per working area.

As seen in Figure 11 and Figure 12, Kalimantan has the highest commercial reserves by 18 
MMBOE/Contract Area. Meanwhile, Sulawesi has the lowest by 5 MMBOE/Contract Area. As for 
the cost of production, Natuna has the highest (16 US$/BOE), meanwhile Papua has the lowest 
(3 US$/BOE).
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The following bubble maps show the analysis’ results:

Figure 14. Bubble Map of Development Cost (US$/BBL)

Figure 15. Bubble Map of Commercial Reserves per Working Area

The evaluation shows that Papua has the lowest development cost (9.47 US$/BOE) and highest 
commercial reserves (626.49 MMBOE/Working Area). Meanwhile, Sumatera has the highest 
development cost (16.06 US$/BOE) and the lowest commercial reserves                                                     (46.94 
MMBOE/Working Area). 
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Qualitative Analysis
Whilst it is believed that most of the discoverable hydrocarbon deposits lie in eastern regions 
(Kalimantan and Papua as less-explored areas), the paper also analyses the relevancy of 
Government’s support in creating more conducive regulatory environments, and fiscal terms to 
attract investors as finding and exploiting those areas will require big investment and deep-sea 
drilling activities due to some challenges in infrastructure, geological aspects, and etc. Regulatory 
environments and fiscal terms govern the relationship between governments and private 
companies and determine how the allocation of financial risks and benefits on a particular project. 

The terms are usually formed based on the prevailing country’s regulations and this should 
be applicable to any projects. However, adjustment can be made should the regulation needs 
to govern individual contracts for a specific site or project. Figure 16 shows that Indonesia is 
currently at a mature level. Therefore, the investors require more favorable terms for investment 
when a country is considered either frontier or mature.

Figure 16. Production Cycle (IHS Markit, 2017)

In oil and gas industry, business regulatory and fiscal terms have to be structured by taking into 
account the following industries characteristics:

1. Petroleum and mineral resources are not infinite. Therefore, the Governments must 
generate returns that are sufficient to compensate the country for the value of the 
asset being depleted.

2. Oil and gas projects require a massive amount of advance investments before the 
Contractors could generate revenues.

3. Managing project risks which include geological risks, technical uncertainties, price 
risk, market risks, political risks, etc.

4. Extractive revenues have the potential to represent a dominant share of a country’s 
public revenues.

In general, a government must set up a sharing profits system (in the form of a fiscal regime or 
fiscal mechanism) whenever they deal and negotiate with the investors (or IOCs) to allow it to 
maximize the benefit of its nations. A fiscal stimulus will make the country an attractive place for 
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the contractors to invest. The way to organize the fiscal regime depends on the necessity of the 
government to generate revenue as well as its ability to born associated risks and how to attract 
investors. The factors above will all affect the ultimate government take and contractor take. 
Government take is government’s share of the net profit and contractor take is contractor’s share 
of the net profit. 

 

 

Figure 17. A correlation between IRR and Government Take (IHS Markit, 2017)

The above figure shows that the frontier areas are typically having low Internal Rate of Return 
(“IRR”). IRR can be treated as the rate of growth a project is expected to generate. It is a decision 
criterion in capital budgeting and to calculate an IRR; the project manager will utilize a projects’ 
estimated cash flow based on capital & Operating expenditure, revenues, and the timing of their 
occurrence. As per now, there are many Indonesian basins have yet to be explored for oil and 
gas deposits extensively, making for potentially additional reserves. If we compare Western areas 
of Indonesia basin to the Eastern part, the latter is considered to be underexplored due to poor 
infrastructure, deep water condition, remote on-shore location, and also a poor understanding 
of the geology. Based on the study performed by IHS, it is mentioned that current focus of the 
Government needs to shift to mature and partly-explored basins and therefore, there is a need to 
investigate what optimization routes are available to achieve expected investor returns.

Concerning the application of Gross Split PSC at this stage, it may be a bit difficult to determine 
whether the Gross Split scheme can promote better future investment compared to the current 
PSC Cost Recovery mechanism. The PSC Cost Recovery mechanism provides more attractive 
returns in early years of production to recover exploration and development costs to the investor. 
Based on this facts, the Government may carefully monitor the application of Gross Split PSC 
vis-à-vis to the old PSC Cost Recovery mechanism to analyze which investment booster is better 
to be applied to a specific contract areas.

Government Take
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Conclusion
Based on the analysis of WP&B data of 2017, Papua is identified to have the lowest cost of 
production (3.24 US$/BOE) compared to other areas in Indonesia whilst Natuna has the highest 
ones (16.46 US$/BOE). In addition, Kalimantan has the highest commercial reserves per Working 
Area (18.60 MMBOE/Working Area) while Sulawesi has the lowest ones (5.39 MMBOE/Working 
Area). 

Thus, it can be concluded that the oil and gas projects in Indonesia are economically acceptable 
because the cost of production is still under the current oil price (~50 US$/BBL), and these 
analyses show that Eastern Indonesia has the lowest development cost and have a big enough of 
commercial reserves, which consequently means that the petroleum exploration activity is highly 
recommended to be conducted in Eastern Indonesia.

Despite the current adverse conditions, this paper provides insights for the investors and help 
them create and revisit their strategy and portfolio to invest in Indonesia’s oil and gas industry.
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Abstract. Energy demand in Indonesia continues to rise as the increase of population and 
economic growth. Based on the average economic growth rate of 6.7% per year (RPJMN 2015 
- 2019), Indonesia requires additional generating capacity of 7 GW per year (Strategic Plan 
of Directorate General of Electricity 2015 – 2019, Ministry of Energy and Mineral Resources). 
Data from the Ministry of Energy and Mineral Resources mentioned in 2014, most of the 
energy is generated from fossil fuels with following percentage: 41% from oil and 32.2% 
from coal. Therefore, the National Energy Board (DEN) set the target to increase the portion 
of renewable sources in producing energy to 23 percent by 2025. In December 2016, from 
51,860 megawatts (MW) operated power plants, there are 6,003 MW of renewable energy 
power plants or equivalent to 12 percent. One of renewable energy source is from waste 
sector, particularly solid waste that disposes to landfill. Waste piles in landfill have potential 
energy as biogas that generated from organic waste degradation and RDF that produced from 
residue materials, which both can be used for power plant purposes. This energy potency is 
large considering waste disposal is the most common waste management applied in almost 
every city in Indonesia, hence waste in the landfill is an abundant resource to be recovered 
as energy. The aims of this study are to calculate the amount of energy generated from waste 
sector, particularly from landfill, either as biogas or RDF, which is forecasted by projecting 
waste generation entering TPA in Indonesia’s cities until 2025. With biogas potential resulting 
from a landfill about 60 m3/ ton (International Energy Agency, 2008) and RDF heat value with 
the water content of 8.54 % about 23.97 MJ / kg (Surroop and Mohee, 2011).
Keywords: Forecast; Renewable Energy; Waste; Biogas; Landfill.

1. Introduction
Energy demand in Indonesia continues to rise as an increase of population and economic growth. 
Based on the average economic growth rate of 6.7% per year (RPJMN 2015 - 2019), Indonesia 
requires additional generating capacity of 7 GW per year (Strategic Plan of Directorate General 
of Electricity 2015 – 2019, Ministry of Energy and Mineral Resources). Data from the Ministry 
of Energy and Mineral Resources mentioned in 2014, most of the energy is generated from 
fossil fuels with following percentage: 41% from oil and 32.2% from coal. Therefore, the National 
Energy Board (DEN) set the target to increase the percentage of renewable sources in producing 
energy to 23 percent by 2025. In December 2016, from 51,860 megawatts (MW) operated power 
plants, there are 6,003 MW of renewable energy power plants or equivalent to 12 percent. 

One of renewable energy source is from waste sector, particularly solid waste that disposes to 
landfill. Landfills serve not only as waste repositories but also as significant sources of renewable 
energy. Waste in the landfill undergoes a number of biological, chemical, and physical changes. In 
biological reactions, microbes degrade the organic fraction of waste, methane (CH4) is generated, 
along with carbon dioxide (CO2), leachate and other trace landfill gas (LFG) constituents 
(Karanjekar, 2015). Methane content ranges from 45 – 55%, while carbon dioxide ranges from 
40 – 50%. Besides landfill gas, waste materials in landfill also have potency as energy since the 
composition of waste varies from paper, plastic, and cardboard, which is a combustible waste and 
has a high enough calorific value. That waste can become a source of energy by being processed 
into Refuse Derived Fuel (RDF). RDF refers to waste processed for boiler fuel to produce steam 
or electricity.
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The potency of energy generated from the waste sector in the form of methane gas and RDF 
is quite large considering the waste generation will continue to be generated as long as people 
do the activities. The volume of methane generated from landfill waste disposal is large enough 
because of organic waste domination in the composition of waste that sent to the landfill. And 
varied composition in landfill waste also makes energy potency of RDF is high. This study aims to 
estimate the amount of energy that can be generated from the waste sector either in the form of 
methane or RDF. Energy is forecasted by projecting waste disposed to landfills in Indonesia until 
2025, which is then used to calculate methane and RDF production. Finally, the data of methane 
and RDF is converted to electricity.

2. Methodology

2.1 Case Study of  Landfill
In this study, the projection of waste generation in Indonesia is calculated using data of waste 
disposed to Bantar Gebang as a landfill which has a large capacity for waste disposal in Indonesia. 
This data was obtained from Central Agency on Statistics (BPS) in the form of waste generation 
daily and monthly in tonnes from 2011 to 2015. The data of waste in Bantar Gebang landfill is 
then projected for other landfills in Indonesia, considering a number of residents or waste source 
and the percentage of waste collection service which is an indicator for calculating a number of 
waste disposed to landfill.

2.2 Forecasting Garbage Generation
Energy from the solid waste sector is forecasted by calculating the projection of waste disposed 
into TPA in cities in Indonesia until 2025. The projection method used is Double Exponential 
Smoothing, which is a method that shows weighting exponentially decreasing against older 
observation scores, this method is called the exponential smoothing procedure. Exponential 
smoothing method consists of the single, double, and more complicated method. All of this methods 
have the same characteristics; the new value is given greater weight than the longer observation. 
In exponential smoothing, there is one or more explicitly specified smoothing parameters, and the 
result of this choice determines the weights imposed on the observed value.

Exponential smoothing is a method to eliminate the random effects of the time series by using all-
time series data up to the current period. Exponential smoothing is a moving average forecasting 
method with advanced weighting. However, it is still easy to use. This method uses the least 
past data recording. The main factors that influence the selection of data forecasting techniques 
are the identification and know the pattern of the data. One of the forecasting techniques that 
can be used for patterned data pattern is double exponential smoothing method which has two 
parameters of smoothing that is level and trend.

2.3 Calculation of  Energy Potency from Waste Sector
The energy sources from the waste sector which calculated in this study are methane and RDF. 
Methane is calculated using the first-order decay (FOD) model. FOD model is widely used to 
estimate landfill gas generation for emissions inventories, life cycle assessments, and regulation. 
The FOD model has inherent uncertainty in the model parameters and a lack of opportunity to 
validate it with complete field-scale landfill datasets (Amini et al., 2013). Methane generation 
was modeled using the US EPA LandGEM version 2.0 of the FOD model. LandGEM has been 
specifically designated as a means to estimate methane generation for both inventory and 
compliance purposes (US EPA, 2005).  A major challenge in modeling is waste disposition, 
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waste composition, moisture content, temperature, and lag time in a gas generation. While 
energy potency of RDF is calculated from several existing studies, considering the rate of waste 
decomposition.

3. Result and Discussion

3.1 Waste Generation Projection
The data used in this study is the data of waste generation into Bantar Gebang landfill in period 
2011 – 2015. The data is projected until 2025 by using Exponential Smoothing method which the 
results is then used to project waste generation in Indonesia. Based on data from the Ministry of 
Public Works and Housing, in 2015 there are 189 landfills with different capacity of each landfill to 
meet the characteristics of the city.
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Figure 1. Waste Generation Projection

Based on the data projection, the amount of waste disposed to landfill will continue to increase 
which is the amount of waste in Bantar Gebang landfill is about 2,342,987 tons in 2015 and rise to 
4,035,868 tons in 2025 while waste disposal in all landfill facilities in Indonesia is about 8,677,025 
tons in 2015 and increase 12,107,604 tons in 2025. The waste generation, both in Bantar Gebang 
landfill and all landfill facilities in Indonesia will continue to increase as the increase in number 
population and improvement of municipal waste management services.

3.2 Volume of  Methane Gas From Landfill
Landfill gas (LFG) is generated from the chemical and biological processes that occur when 
waste is buried in a landfill. The primary components of LFG are methane (50 – 60%) and carbon 
dioxide (40 – 50%). Although fugitive emissions of LFG pose a threat to the environment, if 
managed properly LFG is a valuable energy resource, with a fuel value of 18 –22 MJ m3 (Spokas 
et al., 2006). LFG generation rates are currently estimated using mathematical models that are 
dependent upon the amount of disposed waste, waste composition, moisture content, landfill 
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cover material, and LFG collection system efficiency (Amini et al., 2012).
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Figure 2. Methane Production in Landfill

The graph shows that the volume of methane produced in the landfill will continue to increase for 
period 2011 – 2015, due to the increase of waste disposed to landfill. Biogas potential resulting 
from a landfill about 60 m3/ ton (International Energy Agency, 2008). The volume of methane 
in Bantar Gebang landfill rise from 84,347,547 m3 in 2015 to 145,291,248 m3 in 2025. And 
calculation for waste generation in Indonesia also increase from 312,372,900 m3 in 2015 to 
435,873,744 m3 in 2025.

3.3 RDF Production
Municipal Solid Waste (MSW) has a very good calorific value which makes it a good source of 
energy (Surroop and Mohee, 2011). MSW has higher heating value (HHV) of 15.6 MJ/kg and 
lower heating value (LHV) of 10.2 MJ/kg, with a heating value of each component: paper of 17.6 
MJ/kg (HHV) and 14.3 MJ/kg (LHV); plastic of 36.3 MJ/kg (HHV) and 28.2 MJ/kg (LHV); and 
organic waste 20.7 MJ/kg (HHV) and 3.9 MJ/kg (LHV) (Stein and Tobiasen, 2004). MSW can be 
processed as Refused Derived Fuel (RDF) to be used as energy for boiler fuel to produce steam 
or electricity. RDF is commonly burned on boiler devices and in particular designed combustion 
systems. RDF can also be mixed and burned with coal. Refuse-derived fuel (RDF) from municipal 
solid waste can be an alternative form of energy to replace fossil fuels. RDF quality can be 
estimated by its heating value which is an important parameter to determine the energy efficiency 
of waste as fuel.
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Figure 3. RDF Production from Landfill Waste

Based on the calculation, it is known that the volume of RDF produced from landfill waste will 
also continue to increase as biogas production due to the increasing amount of waste disposed to 
landfill. RDF production from Bantar Gebang landfill is 599,805 tons in 2025 and rise to 1,033,182 
tons in 2025, and from all landfill in Indonesia is 2,221,318 tons in 2025 which increased to 
3,099,547 tons in 2025. In Vellore District, there are about 120 MT of solid waste is generated per 
day, which be able to generate 30 MT of RDF per day and able to generate electricity of about 2.5 
MW of electricity per day (Ganesh and Vignesh). The amount of RDF is much smaller than the 
amount of waste in the landfill since RDF is the processed waste that has been sorted, reduced 
in size, and separated from unburned waste such as metals and glasses (Tchobagnolus, 1993).

3.4 Energy Potency
To calculate electricity from methane, it is assumed that methane is processed using combined 
heat and power (CHP) Plants. The total efficiency of modern CHP plants (i.e., the sum of electrical 
and thermal efficiencies) is within the range 85 – 90%. Only 10 – 15% of the energy of the biogas 
is lost. However, the electrical efficiency (maximum 40%) is still low, and only 2.4 kWh of electric 
power can be produced from 1 m3 of biogas (Kaparaju and Rintala, 2013)

In India, the dominating fraction is organic waste which consists of yard waste, kitchen waste, and 
waste paper. Yard waste constitutes 43%, kitchen waste represents 23%, and paper represents 12 
% of the MSW. This implied that 80% of the MSW is an organic waste. Plastics wastes constitute 
13 % of the MSW, metal, and glass represent 1% each. The remaining part consists of 1 % metal, 
1% glass, and 2 % inert material which is non-combustible and non-biodegradable. The amount 
of thermal energy generated is 58.1 MW, and the amount of power is 19.2 MW. This implies that 
4.15 kWh of heat is generated per unit weight of RDF 1.37 kWh electricity per unit weight of fuel.
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Figure 4. Electricity Potency from Waste Sector

The graph shows that the electricity potency produced from both of biogas and RDF, which number 
increase by years. Methane yields electricity about 202,434 MW in 2015 and get to 348,699 MW 
in 2025. While RDF generate electricity about 749,695 MW in 2015 and 1,046,097 MW in 2025. 
Methane electricity potency is higher than RDF since the volume of methane that generated in a 
landfill is greater than RDF production from the landfill.

4. Conclusion
From the calculations, it is known that the waste sector, particularly from the landfill, is capable of 
producing renewable energy. By maximizing potency from all landfill in Indonesia, it can provide 
electricity from methane and RDF approximately 758,380 MW in 2015 and 1,058,216 in 2025. 
Since Indonesia requires additional generating capacity of 7 GW per year (Strategic Plan of 
Directorate General of Electricity 2015 – 2019, Ministry of Energy and Mineral Resources).

The calculation in this study is based on ideal conditions, in fact, the amount of waste generation 
and decomposition process is dependent on various factors so that the energy yield from waste 
sector can be more or less than this calculation. Beside that, to obtain energy from waste sector, 
it must be supported by technologies and innovations in building methane and RDF installations 
to reduce investment cost of the building installation.
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Abstract. The research area is located in Riau District at the border area of Belinyu and 
Sungailiat sub-district of North Bangka. The rocks which become the target of this research 
is granitoid which include rocks units of Klabat Granite which has the range of age from Late 
Triassic until Early Jurassic. The purpose of this research is to gain some knowledge about 
magmatism, provenance, also the tectonic situation in the granitoid development based on 
the application of trace elements such as Rb, Sr, Y, Zr, Nb, Ba, Th and U. The method that 
used in this research are literature study from the previous research, granitoid sample picking 
for the trace elements testing, also the laboratory analysis which covers the preparation 
such as drying, smoothing and geochemistry test of trace elements. Laboratory analysis was 
done in the warehouse of rock sample preparation at PT Timah (Persero) Tbk for drying 
and smoothing which after that finishing the geochemistry analysis using the XRF method. 
There are 80 samples of granitoid rocks which pick up in 56 locations point. The summary 
of this research is granitoid in Riau district, Belinyu is granitoid from the magma mixing from 
continental and ocean crust. This thing confirms by the granitoid typology of I type with the 
magma type of Calc-alkaline as the results which related to the subduction influence. The 
result of this research also shows the tectonic position in the research area is volcanic-arc 
granitoid (VAG) + collisional granitoid (COLG). Thorium and uranium in granitoid on research 
location were 4-5 times greater than normal values with thorium were three times greater 
than uranium value on research location. Hopefully, the result of this research can give the 
impression about magmatism, provenance, also the tectonic situation in North Bangka and 
also can become the source of information in the exploration of nuclear material in North 
Bangka.

1. Introduction
Geographically, the research area is located in Bangka Island, with the borders of geography are 
in the eastern part abutting with the Belitung Island, in the southern part abutting with the Java 
Sea, in the western part abutting with the Sumatera Island and the northern part abutting with the 
Natuna Sea. The research area is located on the border between Riau Village, Sungailiat Sub-
district and Riding Panjang Village, Belinyu Sub-district, District of Bangka. The research location 
is included in mining license area of PT. TimahPerseroTbk. To be exact in the geological district 
of Bangka Utara (Figure 1).

The research location is included to the regional geological map of Bangka Utara which published 
by the research center and development of Geology which created by Mangga & Djamal (1994). 
That location is also included in terrain map of Indonesia of Belinyu Part (1114-24) with the 
approximate area reaching 27,5 km2 with the travel time about 1 Hour and 30 Minutes from 
Pangkal Pinang City.

2. Regional Geology
The regional of Bangka Island is included in the eastern part and the main part which also compiles 
the rocks in Malaya Peninsula and Sumatera. Granitoid which approximately age at the Trias 
has a connection with the Tin development which stretches from Indo-China-Thailand Peninsula, 
Malaysia-the Physiographically, Bangka Island is included into Sundaland and the part of uplifted 
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Sunda Shelf. The distribution of tin ore in Indonesia is the continuation of Granitoid belt which is 
Jurassic-Cretaceous Aged; it stretches across Myanmar, Thailand, Malaysia, The Islands of Riau 
(Singkep, Belitung, Karimun, Kundur Islands), Bangka island, Belitung Island and the Karimata 
Island. The granitoid belt is the line of granitoid formation rocks which rich in cassiterite minerals 
which after that knows as the Granitoid Tin Belt(Cobbing, Pitfield, Darbyshire, & Mallick, 1992).

Figure 1. The Maps of Northern Bangka. Red Box shows the research location.

Bangka Island is included in the line of Tin Islands except for the Island of Riau and Belitung 
Island (van Bemmelen, 1949; Hamilton, 1970; Cobbing et al., 1992). This Tin island is consists 
of granitoid which continuous from the Malaysia Peninsula to the Sothern (Figure 2). Granitoid in 
the Malaysia Peninsula is consists of  two group which divided by the Bentong-Raub Line which is 
granitoid main range province with has the type S and IS also granitoid of Eastern province which 
has the granitoid type I. Type S granitoid is the granitoid which comes from sedimentary rocks 
while granitoid type I is granitoid which from the igneous rocks.

Bangka Island is included into Suture Zone of Bentong-Raub which is the Subduction zone 
between Sibumasu (Sikkim, Burma, Malaya, Sumatra) and Indochina (Figure 3)(Barber, 
Crow, & De Smet, Tectonic Evolution, 2005). Suture zone of Bentong-Raub has a north-south 
direction which stretches from Thailand across Raub and Bentong in Eastern Malaka, Malaysia 
Peninsula(Metcalfe, 2000). The stretches in the southern part of this suture are still controversial. 
The length of this zone is 400 km which characterized by the serpentinite, Chert, Schist, and 
Melange. Regional stratigraphy of Bangka island is included into stratigraphy accretion complex of 
Bentong-Belitung(Barber & Crow, Structure and Structural History, 2005). This accretion complex 
is consists of Pemali Group, Tempilang Formations, granitoid intrusions and Bintan Formation.

3. Research Method
The method which uses in this research is sample picking in the research location.  The analysis 
was done in 80 granitoid sample. The sample was pick from 56 location point, the high amount of 
sample has purposed to reduce the error in reading the date from the quantitative result from 80 
samples which analyzed, the result from that rocks sample is used to study about magmatism, 
Sources, Magma and the tectonic situation in the granitoid development of research area.

The initial part is done by picking the sample of granitoid in the research area which included 
the Klabat Granite Unit based on Mangga &Djamal (1994). The sample picking is influenced 
by space between sample so can obtain the result that we wanted from the research.

Research 
Location



230 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Figure 2. Granitoid in Sumatera, Malaysia Peninsula, and in the tin island of Bangka & Belitung. 
Malaysia Peninsula and Tin island are consists of granitoid main range province and eastern 

province. The broken line shows the eastern border of the granitoid western province in 
Sumatera(Cobbing, Granites, 2005). The red box shows the research location.
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Figure 3. Crust Block which composes the basement of Sumatera pre-tertiary(Barber & Crow, 
Structure and Structural History, 2005). The red box shows the research location.

The sample which obtained then prepared warehouse of preparation in the PT Timah (Persero) 
Tbk. Firstly, we dried the rocks sample with the heater so that it does not get mix up or contaminated 
with the fluid. The next step is smoothing the rocks until fine enough in purpose that the rocks 
which will be analyzed can be representative. Every sample which already prepared was getting 
into geochemistry analysis using the X-Ray Fluorescence (XRF).

The XRF tools that we use is the Portable XRF owned by PT Timah (Persero) Tbk. Geochemistry 
analysis with the XRF method with the type Olympus Innov-X DELTA Professional XRF Analyzer 
in every rocks sample to obtain the value of trace elements. Here are some of the targeted 
elements, such as Large Ion Lithophile (LILE) like Rubidium (Rb), Barium (Ba), and Strontium (Sr 
and the elements  High Field Strength Elements (HFSE) like Yttrium (Y), Zirconium (Zr), Niobium 
(Nb), Thorium (Th), and Uranium (U) these all in the ppm unit. The analysis result is included 
in the curve to explain the period of magmatism, the magma source and the tectonic situation 
happened.

4. Result and Discussion
The result of the analysis in the research area obtained the great enough variation. The targeted 
elements are Rb, Sr, Y, Zr, Nb, Th, and U as the trace elements. Each result of the analysis is 
used to obtain about its magmatism period, the tectonic situation which forming the granitoid and 
the potential of nuclear which are Thorium (Th) and Uranium (U).
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4.1. Magmatism
Result of Zr and Y element analysis can be obtained that the affinity of magma in Malaya peninsula 
on the main province is High K Calc Alkaline with the element value around 3-7 ppm while on the 
result on the eastern province is Calc Alkaline with the element Zr/Y value above 6.8 ppm(Ghani, 
Yusoff, Hassan, & Ramli, 2013). These results become the reference to determine the magma 
affinity of research location.

Magma affinity in North Bangka has the magma affinity with the type of Calc Alkaline which 
based on the analysis of Zr/Y in the Belinyu sub-district, North Bangka(Widana & Priadi, 2015). 
The granitoid environment with the type of Magma of Calc Alkaline has a great relationship with 
the subduction process which the magma source comes from the mantle wedges and intrude 
through the weak zone of earth crust, so it causes the magma assimilation from earth and ocean 
crust (Roberts & Clemens, 1993). The rate of Zr/Y element in the research location based on the 
statistical analysis obtained 58 sample with the elements rate above 6.8 ppm while 23 sample 
has the value in the range of 3-7 ppm with the average level of Zr/Y element of the granitoid 
sample in the research location around 24.2 ppm (Figure 4). The result which obtained based on 
the element value of Zr/Y can be obtained the magma affinity in research location is Calc Alkaline 
which parallels with the previous research in Belinyu Sub-district (Table 1).

Granitoid could be known based on the element analysis of Rb-Ba-Sr which can be seen on 
tenner diagram(El Bouseily & El Sokkary, 1975). The geochemical analysis result of Rb-Ba-Sr 
of granitoid in the research area obtained. Generally, its belong to the granitoid normal group 
because of the higher value of Ba elements than the Rb and Sr elements (Figure 5). Other than 
that, for a few sample is belong to the strong differentiation group because of the high value of 
Rb element.

Elements of Rb, Th, and U from LILE group can be used for knowing the granitoid 
characteristic(Widana & Priadi, 2015). The rate of Th/U element ratio is above 8 ppm for the 
boundary of character between crust and mix of mantel and crust(Widana & Priadi, 2015). The 
rate of Th/U element which below 8 ppm can be classified as the mixed character while for the 
rate of Th/U element above 8 ppm is having the crust character(Widana & Priadi, 2015). Rh and 
Th elements do not have a matching character towards the mantle although that element can be 
enriched at the crust process(Bagas, Bierlein, Anderson, & Maas, 2010).

Figure 4. The diagram which shows the Zr/Y value in ppm. Generally, the diagram shows the 
element above 6,8 ppm.
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Table 1. the average value also the Zr/Y element ration in determining the magma affinity of 
research area with approaching of the granitoid analysis result in Malaya Peninsula and Bangka 

Island (Widana & Priadi, 2015 with modification).
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Figure 5. Granitoid group in the research location based on the tenner classification diagram 
Rb-Sr-Ba by El Bouseily & El Sokkary (1975) shows the granitoid in the research location 

generally included into the normal granitoid group.

The geochemistry data from Rb-Th/U of granitoid in the research area shows the character of 
granitoid is belonged to mix character that because of the Th element generally smaller (Figure 
6). Geochemistry analysis result of the Y-Rb-Th element in granitoid of research area shows the 
affinity type I based on the Chappell (1999) research which can be seen in Figure.7. that thing 
can be seen from the relation of Y-Rb and Th-Rb. Chappell (1999) said that Y-Rb and Th-Rb 
element on type I granitoid are having the parallel connection while for the type S granitoid is 
tended to inversely (Figure 7). The analysis result which already done generally having the mixed 
characteristic from magma which comes from crust and mantle with the granitoid affinity of type 
I (Figure 6 and 7).
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Figure 6. Diagram Rb-Th/U from Widana&Priadi (2015) showing the granitoid from research 
location generally having mix character from crust and mantle.

Figure 7. Y-Rb and Th-Rb diagram (Chappell, 1999). A. the result of research in folding arc 
Lachan with the type 1 granitoid at the closed box plot and the type S granitoid at the opened 

Circle plot (Chappell, 1999). B. the plotting result of Y-Rb and Th-Rb element in the granitoid at 
the research location which shows the parallel connection.
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4.2. Tectonic Setting
Magmatism of granitoid in the research location supported by the Nb-Y element analysis which 
can be used as the determination of tectonic setting that happens (Pearce, Harris, & Tindle, 
1984). The element Y controlled by the type of magma source(Pearce, Harris, & Tindle, 1984). 
This can be seen in diagram Nb-Y as the increasing of Y element, so the tectonic setting is 
relatively toward the mantle.

The geochemical analysis result of granitoid at the research location obtained the Nb-Y rate on 
the diagram of Nb-Y has the parallel result. That thing can be seen on the trend of plotting pattern 
data at Figure 8. Pearce et al. (1984) said that the tectonic setting in the granitoid development 
could be divided into Ocean-ridge Granitoid (ORG),  Volcanic-arc Granitoid (VAG), Within-plate 
Granitoid (WPG), and Collisional Granitoid (COLG). The result of Nb-Y on the diagram plot of 
Figure 8 shows from the granitoid development in the research location is influenced by the 
tectonic setting of Volcanic-arc Granitoid + syn-Collisional Granitoid (VAG + syn-COLG).

The tectonic setting in VAG and syn-COLG is having the difference in tectonic phase(Blevin, 
2004). Origin of VAG is formed partial melting of mantle-derived mafic underplate and crustal 
contribution while syn-COLG is formed by partial melting of recycled crustal material(Winter, 
2001).

Figure 8. Nb-Y Diagram by Pearce et al. (1984) which explain the tectonic setting in research 
location is belong to the setting of VAG + syn-COLG.

4.3. Potency of  Thorium and Uranium
Thorium is the cheaper fuel, and more environmentally friendly compare to Coal (Hargraves, 
2012). If it is compared with Uranium, thorium is producing far smaller of radioactive waste. 
Thorium will be reacted by producing electricity if compared with the uranium with just 3-5%. In a 
few of rock sample, the thorium element can be found in the small amount; the thorium contains 
the soil is averaging around 12 ppm(Wickleder, Blandine, & Peter, 2006).

The geochemical result of 80 granitoid rock sample can be obtained a various result of Thorium 
and Uranium. The rate of Th element of granitoid in the research location is having the range from 
14-256 ppm with the average of 63.8 ppm while for the U element is having the range about 10-
44 ppm averaging of 18 ppm (Figure 9). That result shows the high rate of thorium compared to 
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Uranium. Comparing the average value of thorium of 12 ppm, in the research location is tending 
to get high so its potential enough to explore the nuclear.

Uranium and Thorium in the research location can be known having the high enough value. 
Normal value of uranium in granitoid is 4 ppm(Wahyudi, 2003). This can be concluded that the 
uranium rate in the research area is higher about 4-5 times compared to the normal uranium rate. 
While for the normal thorium rate is about 15 ppm (Ngadenin, Syaeful, Widana, & Nurdin, 2014). 
That value is smaller 5 times compared to thorium in the research location.

Figure 9. Diagram of thorium element (blue bar) and the uranium (red bar) in ppm unit.

5. Conclusion
The data from the research which done in Riau with the analysis which focusing in trace element 
of Large Ion Lithophile (LILE) like Rb, Ba, Sr and the element of High Field Strength Elements 
(HFSE) like Y, Zr, Nb, Th and U obtained some of the conclusion, the granitoid in Riau, North 
Bangka is having kind of HFSE which is Calc-alkaline from the analysis of Zr/Y element. The 
analysis of Ba-Rb-Sr obtained that the granitoid in the research area is having type I which can 
be seen from the comparison of Y-Th/U and Th/U element with the amount of 0.9-10.25 ppm also 
showing the comparison of Y element that goes parallel with the Rb element. Tectonic setting as 
the developer of granitoid in the research area is the VAG + syn-COLG environment which is the 
result of orogeny process. The level of Th and U element is higher three times which is 14-256 
ppm with the average of 63.8 ppm compared to U which only 10-44 ppm with the average of 18  
ppm.



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 237

Table 2.  the characteristic of granitoid trace element in research location.
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Sokkary, 
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(Widanada
nPriadi, 
2015) 
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of 
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(ppm) 
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(Pearce et al., 

1984) 
Ratio Th dan U 
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Ratio Th/U < 8 
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Rb 

Volcanic-arc 
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Th: 14-256 ppm 
average 63.8 ppm 

 
U: 10-44 ppm 

average 18 ppm 
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Abstract. West Indonesia’s basin is a field with the highest geothermal potential in Indonesia 
which is around 11772 MWe with lithologies such as sedimentary rock and crystalline rock. In 
the same depth, crystalline rock has a higher temperature that provides bigger potential, but 
the crystalline rock is an impermeable rock that was considered uneconomical to produce in 
a conventional geothermal system. Enhanced Geothermal Systems (EGS) is a technology to 
create a synthetic reservoir that able to extract heat from a certain geothermal source that has 
limited permeability and fluid level. The making of reservoir begins with the drilling of an injection 
well until it reaches hot basement rock to stimulate the well. The stimulation process used is a 
hydroshearing process, which is stimulation process that injects water to the well and causing 
a slip in the fracture that has been made in the rock, producing new fracture with 1-2 mm wide. 
After stimulation is complete, we execute the drilling of a production well while evaluating the 
geothermal energy generating system that used. In this paper, we discuss how EGS could be 
implemented in South Sumatra’s basin by observing the thermal conductivity data, heat flow, 
temperature gradient, and depth of hot basement rock. Analysis result states that it has total 
technical potential from 39 existing potential wells about 3455 MWe with sedimentary rock 
and crystalline rock a range of 2600-4600 m depth, and expenses estimation that processed 
using Geothermal Electricity Technology Evaluation Model (GETEM) software. According to 
these results, we hoped that it could improve the efficiency of geothermal processing to create 
ideal and economical energy processing technology in Indonesia.
Keywords: EGS, Geothermal, Hydroshearing

1. Background
Indonesia is a country with large geothermal potential. Potential distributed in 331 points with 
a total potential of 28579 MWe and in Sumatera region reached 11772 MWe. Although the 
largest geothermal potential in Indonesia located in Sumatra only amounted to 452 MWe already 
produced. However, not all the potential in Sumatra could be produced economically by a 
conventional method (Hydrothermal System), namely: there is abundant heat found in rocks at 
depth, fluid to carry heat from the rocks, and permeability to conduct fluid through the hot rocks. If 
only one of these factors is missing, then the reservoir is considered not economical to produce.

The U.S. Department of Energy has broadly defined Enhanced (or engineered) Geothermal 
Systems (EGS) as engineered reservoirs that have been created to extract economic amounts of 
heat from low permeability and porosity geothermal resources1. There are three steps that must 
be taken to complete an EGS economic reservoir project are: (1) finding a site; (2) creating the 
reservoir; and (3) operating the reservoir2  (figure 1). The first step is finding and characterizing 
the site that will describe the information surrounding the site. The second step is creating the 
reservoir by drilling an injection well. After the construction of the injection well is done, stimulate 
the well to create pathways from this well to production well. The stimulation method used is a 
hydroshearing by injecting the cold water to slip open, causing existing fractures to expand while 
also creating new ones to around 1-2 mm3  (figure 2). The existence of continuous circulation will 

1  Massachusetts Institute of Technology. (2006). The Future of Geothermal Energy—Impact of Enhanced 
Geothermal Systems (EGS) on the United States in the 21st Century. Massachusetts: MIT Press.
2    U.S. Department of Energy. (2008). An Evaluation of Enhanced Geothermal Systems Technology. Global 
Technologies Program. U. S. Department of Energy.
3 Boyd, D. (2014). Hydroshearing for Geothermal Energy. Technology, 24-27.
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keep the fractures open.  

Figure 1. EGS diagram2

The injected fluid is PNNL’s fluid, a solution of water and 1 percent polyallylamine, a chemical 
made of a long carbon chain with nitrogen attachments. Within 20 seconds, the polyallylamine 
and carbon dioxide, injected after the water injection, link together to form a hydrogel that expands 
the fluid up to 2.5 times its original volume4. The last step is operating the reservoir by collecting 
data and developing the commercial EGS system including the cost of creating the reservoir, 
the reservoir performance, and the number of production wells. Finally, planning the binary cycle 
power plant (table 1).

Figure 2. EGS stimulation3

4  White, F. (2015). Packing heat: New fluid makes untapped geothermal energy cleaner. Retrieved Agustus 29, 
2017, from http://www.pnnl.gov
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Table 1. Energy conversion system2

Geofluid Tempera-
ture (°C)

Conversion 
System

Application 
Type Working Fluid Cooling 

System

100 Binary O&G water R-134a Water

150 Binary with recu-
perator O&G water Isobutane Air 

200 Binary or Sin-
gle-flash EGS Isobutane or 

Geofluid
Air or 
Water

250 Double-flash EGS Geofluid Water

400 Single or Triple 
Expansion

EGS super-
critical Geofluid Water

2. Geological review
South Sumatra Basin is a back-arc basin that located in the Bukit Barisan ranged from 102,014 – 
105,508 E dan 4.617 S - 0,517 N with area amount 112.100 km2. Regionally, this basin bounded 
by Barisan Mountain to the Southwest and Dua Belas-Tiga Puluh Mountain to the northwest, pre-
Tertiary Sunda Shelf in the northeast and Lampung plateau to the southeast. The South Sumatra 
Basin contains a mixed terrigenous, volcaniclastic and carbonate fill. Five plays account for the 
majority of discoveries to date. These are found in; Pre-Tertiary fractured basement, Oligocene 
to Early Miocene (Lower Talang Akar Formation) fluvio-deltaic sandstones, Early Miocene (Batu 
Raja Formation) carbonates and Early Miocene (Gumai Formation) and Middle Miocene (Air 
Benakat Formation) shallow marine sandstones. 

The basement to South Sumatra Basin was formed by the complex intercalation of igneous, 
metamorphic and sedimentary rocks (figure 3). The oldest, least deformed basement, considered 
part of the Malacca Microplate, underlies the northern and eastern portions of the basin. Further 
south lies the heavily deformed remains of the Mergui Microplate, possibly representing a weaker 
continental fragment. Heavily deformed granite, volcanic and metamorphic rock (of late Cretaceous 
and Tertiary age) underlies the remainder of the South Sumatra Basin. The basement morphology 
of South Sumatra Basin is believed to have influenced the Eo-Oligocene rift morphology, location, 
and extent of Plio-Pleistocene inversion or strike-slip5. 

5 Ginger, D., & Fielding, K. (2005). The Petroleum System and Future Potential of the South Sumatra Basin. 
Indonesia Petroleum Association: Volume 30, 67-89.
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Figure 3. Cross section of South Sumatra basin6 

3. Methods

3.1 Data collecting
Subsurface data such as basement depth and thermal characteristic data (heat flow, thermal 
gradient, and thermal conductivity) are obtained Royal Holloway–South East Asia Research 
Group7. Thermal characteristic data, specifically heat flow data, is the initial point to get the value 
of heat energy and potential geothermal value at a given location. Basement depth modeling was 
done by processed the basement depth data by well data profile. Later the basement depth value 
will use as guidance for the temperature at depth modeling combined with All Heat Flow Data 
from Royal Holloway. The temperature at depth is derived by assuming that there are two layer 
systems (basement and sediment).

6 Hutchison, C. S. (1996). South-East Asian Oil, Gas, Coal and Mineral Deposits. Oxford: Clarendon Press 
Oxford.
7 Royal Holloway University of London - South East Asia Research Group. (2016). Heat Flow. Retrieved Juni 20, 
2017, from http://searg.rhul.ac.uk
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Figure 4. Flow chart of EGS potential estimation

3.2 Data processing
The author used the calculating method by Beardsmore.8 (figure 4). This method is chosen 
because its suitability with the volumetric calculation method of geothermal potential, only differs 
in recovery factor, and the method is suitable to be used in EGS potential calculation. In data 
processing, authors using study literature method by doing the calculation with the existing 
equations. Data processing steps, as follows: (1) Determine wide coverage South Sumatra 
Basin by 110,031 km2, then plotting well point by the coordinates of the data using google earth 
application, and make the grid cell with each grid area of 123 km2, average one point wells 
occupy one grid cell. (2) Determine the depth of the basement with the existing data, calculation 
started from the depth of the 2600 m to 4600 m with interval 1000 m for each thickness of the 
reservoir, obtained the thickness of the reservoir 2000 m because the wells on the depth produce 
a large technical potential for each grid cell. (3) Calculate the temperature in the reservoir to a 
depth of 4600 m started from the temperature in 1000 m, 2000 m, 2600 m, 3600 m, and 4600 m 
because the structure of the layer of rocks varies in each of the wells. (4) Calculate heat energy 
(H) contained on each interval depth 1000 m, started from 2,600 until 4600 m. (5) Calculate 
Theoretical Potential (P) and Potential Technical (PT). (6) All calculated for each one of the wells 
and one grid, then collate total for each grid, and each interval depth (layer), and classify the well 
which is the prospect to be continued. 

3.2.1 Area of  one grid cell
Area of one grid cell is 123 km2 obtained with the application of google earth that converted in the 
form of UTM.

3.2.2 Basements thickness
Thick of basements is 2000 m, the authors use as the thickness of the reservoir, but in the 
calculation is divided into two layers each thickness of 1000 m.
8 Beardsmore, G. R., & Rybach, L. (2010). A Protocol for Estimating and Mapping Global EGS Potential. 
Geothermal Resources Council, 1-12.
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3.2.3 Calculation of  the temperature
For the surface temperature to the basement, or sediment temperatures (Ts),

 

𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇 + [
(𝑄𝑄𝑇𝑇 × 𝑆𝑆)

𝐾𝐾𝑇𝑇 ] − 𝐴𝐴𝑇𝑇 × [ 𝑆𝑆2
(2 × 𝐾𝐾𝑇𝑇)] 

for basement temperatures down at a depth of X (Tx), 

𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇 + [
(𝑄𝑄𝑇𝑇 × {𝑋𝑋 − 𝑆𝑆})

𝐾𝐾𝐾𝐾 ] − 𝐴𝐴𝐾𝐾 × [
(𝑋𝑋 − 𝑆𝑆)2
(2 × 𝐾𝐾𝐾𝐾)] 

 

where Qs = Qo - S × As. The value of Ks is on the data and to the value of the Kb is 2.84 W/mK, 
for As value’s is 1.0×10-6 W/m3 and Ab is 2.65×10-6 W/m3.

3.2.4 Calculation of  the heat energy H (exajoule)

   H = ρ × Cp × Vc × (Tx - Tr) × 10-18

With ρ is 2670 kg/m3, and Cp 1000 J/kg0C

   Tr = To + 80°C (USGS assumed),

Where To amount to 28,6 0C, as the average temperature of the surface in South Sumatra. 

Figure 5. Prediction value of R9 

9 White, F. (2015). Packing heat: New fluid makes untapped geothermal energy cleaner. Retrieved Agustus 29, 
2017, from http://www.pnnl.gov
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3.2.5 Calculation of  the theoretical potential (P) and potential technical (Pt)
 

P=
H×1012×ηth
9,46×108

 

ηth = 0.00052 × Tx + 0.032 

Pt = P × Rav × R × RTD 

Where, Rav is 0,7, R is 0,14 (figure 5), while RTD = 10
(Tx-Tr)

 

3.2.6 Calculation of  total technical potential (Pt total) each grid layer
Collate total every grid potential wells, there are several wells are in one grid which is two wells, 
so taken an average value from both the technical potential wells.

4. Result and discussion
According to data collection and literature studies, the author divides South Sumatra Basin 11.2100 
km2  to different grid cell for calculating the Theoretical Potential (P) and technical Potential (Pt) 
using Beardsmore correction. Each of the cells is 123 km2 wide (figure 6). On dividing the grid 
cells, the author uses google earth application which has an average of one well on each grid 
cell. The potential calculation starts from 2600-4600 m deep below the surface to forecast the 
optimum depth for drilling the injection well in the making of reservoir and production well.

The depth of 2600 to 3600 m, calculation starts in 2600 m deep below the surface because in 
that depth exists only one well that hasn’t reached basement yet. In this depth range, the highest 
technical potential value recorded is 39,378 MWe in Arang-Ar well, while the lowest technical 
potential value is recorded in Mangun well with 15,067 MWe.

The depth of 3600 to 4600 m, calculation continues at 3600 m where every well has reached the 
basement. In this depth range, the highest technical potential value recorded is 59,720 MWe in 
Arang-Ar well, while the lowest is 43,991 MWe in Mangun well.

Figure 6. Well distributed map of South Sumatra basin
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According to the total of those two layers with 1000 m interval, we got the highest technical 
potential value of 110,680 MWe, and the lowest is 82,299 MWe in a grid cell. Table 3 provides 
data calculation of all potential wells. On EGS, minimum initial reservoir temperature that can 
decide as commercial is 200oC10. So author eliminates every well that has the temperature below 
210oC in depth of 4600 m. And now there are only 39 potential wells left from the original 50 
that exist on 16000 km2 (figure 7). If every well produced in one grid cell, then technical potential 
obtained is 3455 MWe.

From the obtained calculation data, author advice to start drilling injection well until 3600 m deep 
below, meanwhile for stimulating starts from 2600 deep because we hope that from 2600-4600 
depth could be a full reservoir. Drilling of production well is advised from 3500 m deep and below, 
as author assumed the reservoir thickness of 200 m, starts from the 2600-4600 depth range. The 
cap rock, exist in 2600 m depth and above where found soil formation of shale and tuff. So the 
maximum drilling depth is 4600 m. Production well drilled until at least in the middle section of the 
reservoir.

On the basement of crystalline rocks, the heat amount will be hotter than sediment rocks in 
the same depth. That thing can be seen from the temperature that obtained from Tebing T and 
Malapari well. On 2000 m depth, Tebing T well has reached the basement rocks, while Malapari 
well is still sediment rocks. The temperature of Tebing T well is 131.546oC, higher than Malapari 
well that only reaches 114.455oC. 

 

Figure 7. Potential well distributed map of South Sumatra basin

Studies about EGS cost estimation is done by using Geothermal Electricity Technology Evaluation 
Model (GETEM), using data such as temperature and reservoir depth. Table 2 provides the 
detailed cost estimation form exploration, drilling, gathering system and pumping, operating and 
maintenance of the well, and also the power plant system. The cost provides Levelized Cost of 

10 Sass, J. (2001). Great Basin Geothermal. Geothermal Resources Council Bulletin, 195-197.
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Electricity for $21.432/kWh or about Rp 286760.16/kWh with profit for the investor in the long 
term.

It is recommended to do further studies on the economics and technologies which has not been 
adequate as it known the temperature and pressure at EGS drilling done at depth is very high. The 
tools in the oil and gas industry are totally different with the geothermal industry. Unfortunately, 
the very lack of competence in this matter. At this time, the drilling tools for the EGS has only a 
maximum 6500 m depth.

Table 2. EGS cost estimation by GETEM

Operation Cost ($)

Exploration 64.526.571

Drilling 125.571.508

Field Gathering System & Pumping 4.434.113

Operating & Maintenance (per year) 10.014.742

Power Plant 62.327.191

Total 266.874.125

5. Conclusions
1. Some factors where EGS is applicable are: the amount of heat (>100°C) contained 

in the dry impermeable rocks (crystalline and metamorphic rocks) available, no fluids 
in the reservoir that can conduct heat from hot rocks by convection, and no good 
permeability so although  there are fluids in the reservoir, those fluids will not conduct 
heat efficiently.

2. The highest technical potential amount 110,680 MWe at Arang Ar Well and the lowest 
amount 82,299 MWe at Mangunja Well.

3. There are 39 potential wells from 50 well in South Sumatra Basin with a temperature 
above 210°C of range depth 2600-4600 m, covered by 16.000 km2, and the total of 
potential technical amount 3455 MWe.
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Appendix
Table 3. Well data of South Sumatra basin8

Sumur La. Lo.
D

(m)

TG

(mK/m)

C

(W/m.K)

A

(mW/m2)
M.Tembes -1.685 103.12 1309 54 2.04 110
M.Senami -1.8356 103.17 1287 53 2.06 110
Tebing T -1.0022 103.09 1484 56 2.04 114
Malapari -1.7 103.2 2122 43 2.13 92
Musi Fie -3.2333 103.15 914 61 1.98 120
Betung F -1.5006 103.98 1602 52 2.03 105
Bajubang -1.8003 103.3 2506 53 2.01 107
Batara-1 -1.1189 103.4 1568 50 2.08 104
Anak Men -1.2678 103.47 2033 52 2.08 107
Sengeti -1.4839 103.5 1905 52 2.09 110
Setiti F -1.6006 103.47 921 62 2.04 127
Paneroka -1.7183 103.67 1550 54 2 108
Tempino -1.7833 103.49 787 49 2.03 99
Keban Fi -2.6519 103.48 900 50 2 100
Mangunja -2.7686 103.6 739 46 2.02 93
Arang-Ar -1.5522 103.69 1906 65 1.97 129
Kenali -1.6514 103.59 915 49 2.03 100
Beremban -1.3686 103.5 2169 54 2.12 114
Geragi-1 -1.235 103.72 3106 46 2.14 100
Ketaling -1.7522 104.09 1615 55 2.19 122
Sungain -1.9186 104.05 1116 52 2.11 110
Bakung-1 -2.2 104.35 1355 57 2.03 116
Tungkal- -0.785 104.79 1713 58 2.11 123
Bentayan -2.3678 104.09 1704 47 2.02 96
Tamiang -2.5017 103.92 1438 55 2.12 116
Benakat -3.2667 103.9 1435 49 1.99 98
Sigoyang -3.3167 104.92 2280 45 2.27 103
Benuang- -3.3689 104.02 2345 51 2.02 103
Belimbin -3.2344 104.89 1659 50 2.02 101
Abab-1 -3.2019 104.17 1452 53 2.03 107
Lebong F -3.2192 104.1 460 61 2.12 129
Gunung K -3.4025 104.1 2010 47 2.06 97
Limau Ba -3.4839 104.09 1613 49 2.03 99
Prabumul -3.1833 104.17 1774 52 2.03 106
Limau Ti -3.5172 104.23 1655 50 2.03 101
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Pagar De -3.8019 104.13 1752 58 2 116
Prabumen -3.2175 104.12 1943 49 2.05 100
Meraksa- -3.9689 104.19 1398 54 2.08 112
Talang J -3.4522 104.25 1339 55 1.98 110
Karangan -3.5178 104.27 1817 51 2.14 110
Beringin -3.735 104.23 1834 57 1.97 111
Kuang Fi -3.9022 104.24 1626 51 1.99 101
Lubuk Ru -3.9339 104.39 1695 50 2.02 101
Lembak-3 -3.3347 104.35 1773 51 2.05 104
Tg. Miri -3.5358 104.32 1750 50 2.07 104
Tanjung -2.8011 104.44 1389 49 2.01 97
Ogan Fie -3.5692 104.68 1331 53 2.02 107
Tg. Miri -3.585 104.42 1279 56 2.02 112
Kedaton- -3.7519 104.4 1858 51 2.06 105
Menggala -4.2833 105.14 775 48 2.18 104
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Table 4. Result of temperature calculation of South Sumatra basin

Sumur
Ts 0-1000

(°C)

Tx 2000

(°C)

Tx 2600

(°C)

Tx 3600

(°C)

Tx 4600

(°C)
M.Tembes 82.276 125.138 147.933 185.738 223.542
M.Senami 81.755 124.117 146.916 184.729 222.541
Tebing T 84.237 131.546 155.149 194.301 233.452
Malapari 71.558 114.455 133.275 164.456 195.636
Musi Fie 83.783 128.851 153.842 195.307 236.772
Betung F 80.078 125.543 147.220 183.161 219.102
Bajubang 81.585 134.570 156.478 192.806 229.133
Batara-1 78.360 122.176 143.649 179.250 214.851
Anak Men 79.802 131.004 153.012 189.506 225.999
Sengeti 80.992 132.040 154.709 192.304 229.899
Setiti F 85.729 133.161 159.629 203.557 247.484
Paneroka 82.350 128.747 151.069 188.084 225.100
Tempino 66.828 108.289 128.870 162.985 197.101
Keban Fi 73.398 111.310 132.079 166.507 200.934
Mangunja 62.488 102.955 122.279 154.299 186.318
Arang-Ar 93.828 157.150 183.832 228.117 272.402
Kenali 73.468 110.852 131.618 166.040 200.463
Beremban 82.138 135.676 159.134 198.044 236.955
Geragi-1 75.095 121.591 149.544 189.869 223.520
Ketaling 84.079 134.504 159.770 201.692 243.615
Sungain 80.496 120.067 142.903 180.776 218.649
Bakung-1 85.497 131.595 155.647 195.549 235.450
Tungkal- 86.657 140.318 165.774 208.015 250.255
Bentayan 75.877 118.999 138.753 171.489 204.225
Tamiang 83.081 129.525 153.560 193.432 233.305
Benakat 77.595 118.032 138.265 171.800 205.335
Sigoyang 73.754 118.908 140.019 175.018 210.016
Benuang- 79.343 130.085 151.182 186.158 221.133
Belimbin 78.352 123.069 143.888 178.401 212.914
Abab-1 81.063 125.064 147.195 183.893 220.591
Lebong F 56.541 125.639 152.628 197.422 242.216
Gunung K 75.445 122.289 142.190 175.170 208.151
Limau Ba 77.122 120.126 140.532 174.357 208.182
Prabumul 80.570 129.109 150.961 187.193 223.426
Limau Ti 78.107 122.603 143.424 177.938 212.452
Pagar De 86.350 139.773 163.742 203.503 243.265
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Prabumen 77.137 124.886 145.435 179.495 213.556
Meraksa- 82.206 126.874 150.073 188.550 227.028
Talang J 83.903 127.794 150.583 188.377 226.171
Karangan 79.768 128.563 151.251 188.877 226.503
Beringin 84.691 137.875 160.770 198.742 236.714
Kuang Fi 79.103 123.797 144.624 179.148 213.672
Lubuk Ru 78.352 123.604 144.416 178.916 213.416
Lembak-3 79.088 126.305 147.734 183.263 218.792
Tg. Miri 78.600 125.117 146.551 182.088 217.625
Tanjung 76.610 115.741 135.772 168.971 202.171
Ogan Fie 81.323 123.512 145.668 182.409 219.150
Tg. Miri 83.798 127.115 150.338 188.858 227.378
Kedaton- 79.328 128.030 149.653 185.504 221.355
Menggala 65.435 109.469 131.110 166.990 202.870
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Table 5. Result of potential calculation of South Sumatra basin

Sumur
Qs

(W/m2)

H 2600-
3600

(exajoule)

P 2600-
3600

(Mwe)

Pt

(Mwe)

H 3600-
4600

(Exa-
joule)

P 3600-
4600

(Mwe)

Pt

(Mwe)

Pt Total

(Mwe)

M.Tembes 0.10869 25.415 3454.506 43.888 37.871 5934.538 50.598 94.486
M.Senami 0.10871 25.083 3395.421 43.709 37.541 5862.198 50.420 94.129
Tebing T 0.11252 28.236 3970.896 45.408 41.136 6670.266 52.357 97.765
Malapari 0.08988 18.403 2286.142 40.111 28.677 4053.847 45.645 85.756
Musi Fie 0.11909 28.568 4033.336 45.587 42.230 6924.695 52.946 98.533
Betung F 0.1034 24.566 3304.314 43.431 36.408 5616.407 49.810 93.241
Bajubang 0.10449 27.744 3878.826 45.143 39.713 6345.192 51.590 96.733
Batara-1 0.10243 23.278 3080.953 42.737 35.007 5318.539 49.055 91.792
Anak Men 0.10497 26.657 3678.472 44.557 38.680 6113.627 51.034 95.591
Sengeti 0.1081 27.579 3848.104 45.053 39.965 6402.356 51.726 96.780
Setiti F 0.12608 31.286 4558.944 47.051 45.759 7772.850 54.847 101.898
Paneroka 0.10645 26.188 3593.386 44.305 38.384 6047.829 50.874 95.179
Tempino 0.09821 17.919 2211.476 39.850 29.159 4145.529 45.905 85.755
Keban Fi 0.0991 19.079 2391.590 40.475 30.422 4389.208 46.585 87.060
Mangunja 0.09226 15.057 1786.346 38.308 25.606 3488.683 43.991 82.299
Arang-Ar 0.12709 39.378 6269.762 51.410 53.969 9906.655 59.270 110.680
Kenali 0.09909 18.925 2367.490 40.392 30.267 4358.957 46.502 86.894
Beremban 0.11183 29.470 4205.011 46.072 42.290 6938.818 52.978 99.051
Geragi-1 0.09689 26.776 3700.351 44.621 37.864 5932.931 50.594 95.215
Ketaling 0.12039 30.672 4437.998 46.720 44.484 7461.682 54.160 100.880
Sungain 0.10888 23.780 3167.456 43.007 36.259 5584.349 49.729 92.737
Bakung-1 0.11465 28.648 4048.384 45.629 41.794 6822.898 52.711 98.341
Tungkal- 0.12129 32.755 4853.245 47.842 46.672 7998.999 55.339 103.181
Bentayan 0.0943 20.721 2654.125 41.359 31.506 4602.646 47.169 88.529
Tamiang 0.11456 27.950 3917.334 45.254 41.087 6659.040 52.331 97.584
Benakat 0.09657 20.823 2670.798 41.414 31.872 4675.501 47.366 88.781
Sigoyang 0.10072 21.883 2845.476 41.985 33.414 4987.701 48.197 90.183
Benuang- 0.10066 25.554 3479.224 43.963 37.077 5761.034 50.170 94.133
Belimbin 0.09934 22.998 3033.199 42.586 34.369 5184.963 48.711 91.297
Abab-1 0.10555 24.807 3346.733 43.561 36.899 5722.287 50.074 93.635
Lebong F 0.12854 29.265 4165.725 45.962 44.023 7350.524 53.912 99.874
Gunung K 0.09499 21.933 2853.864 42.013 32.800 4862.365 47.866 89.879
Limau Ba 0.09739 21.665 2809.307 41.868 32.810 4864.413 47.872 89.740
Prabumul 0.10423 25.895 3540.419 44.146 37.833 5926.102 50.577 94.724
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Limau Ti 0.09935 22.845 3007.253 42.504 34.217 5153.322 48.630 91.133
Pagar De 0.11425 31.268 4555.464 47.041 44.369 7433.812 54.098 101.140
Prabumen 0.09806 23.358 3094.796 42.780 34.581 5229.083 48.825 91.606
Meraksa- 0.1106 26.342 3621.205 44.387 39.019 6189.272 51.217 95.604
Talang J 0.10866 26.285 3610.843 44.357 38.737 6126.243 51.065 95.421
Karangan 0.10818 26.449 3640.723 44.445 38.846 6150.584 51.123 95.569
Beringin 0.10917 29.700 4249.209 46.196 42.211 6920.231 52.936 99.132
Kuang Fi 0.09937 23.244 3075.214 42.719 34.619 5237.118 48.846 91.565
Lubuk Ru 0.09931 23.168 3062.158 42.677 34.535 5219.493 48.801 91.478
Lembak-3 0.10223 24.600 3310.214 43.449 36.306 5594.441 49.755 93.204
Tg. Miri 0.10225 24.213 3242.502 43.240 35.921 5512.183 49.548 92.788
Tanjung 0.09561 19.891 2520.342 40.912 30.829 4468.932 46.805 87.717
Ogan Fie 0.10567 24.318 3260.954 43.297 36.424 5619.805 49.818 93.116
Tg. Miri 0.11072 26.443 3639.619 44.442 39.135 6215.069 51.279 95.721
Kedaton- 0.10314 25.338 3440.786 43.847 37.150 5776.922 50.210 94.056
Menggala 0.10323 19.238 2416.660 40.561 31.060 4514.275 46.929 87.490
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Abstract. Biofuels as Renewable energy  is the way to develop and utilize alternative energy 
that is easily available in Indonesia. The target of mixed energy based on RUEN could 
reach approximately 23% in 2025. The mixed renewable energy only has 7% In the year of 
2016 to reach the minimum target that has been set. In this case, developing the renewable 
energy through utilizing biomass is completely necessary. Corn  as farming waste is one 
of Lignocellulose Biomass that can be potentially developed to bioenergy as the renewable 
energy. This research has been done on  purpose to inform how big the potential of corn 
cobs and corn stalks as an alternative fuel, that can be applied as bioethanol, briquettes, 
and gasification. The used method is comparison method. Result potential waste that can 
be used as alternative renewable energy to reach 13,805,400 tons of waste corn stalks and 
5,176,360 tons of waste corn cobs. The Result of Bioethanol from waste corn stalks and corn 
cob produce 2,598,400 kL and 1,079,512 kL, respectively. The result of mass fuel briquettes 
from corn cobs produce 2,070,544 tons and caloric value of 6.03 x 106  GJ, waste corn 
cobs for the gasification produce syngas fuel for 3,760,710 tons and caloric value of 10.63 
x 106  GJ. Based on the result of this research, It is expected that the biomass of corns can 
support the national energy security through the accomplishment of primary mixed renewable 
energy target. The proper coordination of stakeholders would be very necessary to fulfill the 
affordability and availability of the renewable energy. Price and quality of the energy itself 
should be maintained, so our people keep experiencing the national energy security.The first 
section in your paper.
Key Words: Mixed Renewable Energy, Corn, Biofuel, Bioethanol, briquettes, Gasification, 
Biomass, Energy Security

1. Introduction
Energy is an important aspect of economic growth and national resilience. Increasingly increasing 
land causes the people’s demand for fuel consumption (BBM), and electricity is higher, the gan of 
fuel and electricity production is not proportional to the number of requests. Energy security and 
environmental safety ate two major issues in the current world that have boosted the demand for 
an alternative and eco-friendly.

Limitation of fossil fuel and the significant need for electricity  trigger the development of alternative 
energy resources supply for building the energy security. So that the national energy policy targets 
the primary mixed energy from the renewable energy could reach 23% in 2025, nevertheless, in 
the year 2016, the mixed renewable energy can only reach 7% to fulfill the target of mixed energy 
that has been planed. It needs some kind of efforts to develop the renewable energy. Vegetative 
fuel based on plants is one effort of developing and utilizing the easy get alternative energy and 
would be a perfect match to be cultivated in Indonesia. Biomass is the organic material that can 
be used as the substances of renewable energy replacing the fossil fuel or can be utilized for the 
biomass electricity reactor. the overflowing biomass in Indonesia is corn cob’s and corn stalks’ 
waste.
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Corns are food plants that important in Indonesia; it is the second staple food of the Indonesians 
next to rice. According to the Central Bureau of Statistic in yeat 2012, the vastness of corns 
agriculture field in Indonesia is about 3.958 million hectare with its production reaches 19.387 
million tonnes and in 2016 vastness of corns agriculture field in Indonesia is 4.388 million hectare 
with its production reaches 23.188 million tonnes. The average of corns production growth for last 
5 years is 5.89% per year. The elevation of corns production with each year positive growth will 
affect the number of corn cob’s, and corn stalk’s waste can be produced.

The utilization of corn cob’s and corn stalk’s waste in Indonesia is still limited. People use it as 
cattle food, stove material and production of composts. Unfortunately, it usually burned for no 
reason and polluting the air. The large amount of corns waste which is organic waste can be 
exploited as renewable energy resource through direct incineration or through converting the 
waste of corn cob and corn stalk to bioethanol by way of the fermentation process,corn cob 
briquette through the carbonation gas synthesis process.

The utilization of corn cob’s and corn stalk’s waste as the substance of renewable energy 
optimally will give effect to the energy security that supports the national defense. Nevertheless, 
the cultivation of biomass resource as fuel material and electricity reactor is complex obstacles 
because it has many factors that affect it so that it needs analysis to resolve the problems. However, 
the purpose of this research is to analyse and to inform how large the potential of corn cob’s and 
corn stalk’s waste as alternative energy to be bioethanol, briquettes, and gasification, also how 
is the endorsement of the government policy and the stakeholders in developing and utilization 
of corn cob’s and corn stalk’s waste for building national energy security.Other paragraphs are 
indented.

1.1 Bioethanol
Bioethanol is ethanol that obtained by means of fermentation process from biomass. Ethanol 
(C2H5OH) has been earmarked as promising energy source over gasoline (C7H17) due to 
having several advantageous properties. Even though one liter of ethanol affords 66% of the 
energy provided by the same amount of gasoline, the former has a higher octane number (106-
110) than the latter (91-96), which enhances the performance of gasoline when blended with 
ethanol (Nigam and Singh, 2011).

The renewable sources used for generating bioethanol can be classified largely into three 
generations. The first generation, bioethanol obtained from sugars and starch, while the second 
generation bioethanol obtained from lignocellulosic biomass. Production, the third generation 
bioethanol, obtained from algae  but is still in an immature stage and confined to the laboratory 
research, while other types of biomass have shown potential as bioethanol feedstocks on 
commercial scale ( H. Zabed et al., 2016). The general procedure for producing bioethanol 
from lignocellulosic by conversion process can be divided into four major steps that include 
pretreatment, hydrolysis, fermentation and product recovery.

1.2 Biomass Gasification
Biomass is a solid waste whose potential as solid fuel like coal but biomass can be converted to 
a gas in a downdraft gasifier by gasification process. Gasification processes convert biomass into 
combustible gases that ideally contain all the energy originally present in the biomass. In practice, 
gasification can convert 60% to 90% of the energy in the biomass into energy in the gas (T. B. 
Reed, 1988). Producing gas from biomass consists of the following main reactions, which occur 
inside a biomass gasifier (Azmi, 2014):
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Drying: Biomass fuels usually contain 10%–35% moisture. When biomass is heated, the moisture 
is converted into steam. When the heating temperature get higher so it will make the diffusion 
process faster than water conservation that contained in biomass so that the drying process can 
be more faster. But if the temperature of the drying air too high, the outer surfaces of the chunk 
will become dry and begin to pyrolyze before the heat can reach the center, so the temperature 
of the drying is less than 120 °C. 

Figure 1. Schematic diagram of bioethanol production fromlignocellulose biomass (Zabed H, et 
al., 2016)

Pyrolysis:  After  drying,  as  heating  continues, so the next step, the biomass  undergoes  
pyrolysis. Pyrolysis involves burning biomass completely without supplying any oxygen. Biomass 
is heated to about 3000C and  As a result, the biomass is decomposed or separated into solids, 
liquids, and gases. Charcoal is the solid part, tar is the liquid part, and flue gases (CO, CO2, H2, 
H2O, CH4) make up the gaseous part. Generally the reactions of the pyrolysis process is:

Biomass → Charcoal + tar + gases (CO, CO2, H2, H2O, CH4)

Oxidation: Air is introduced into the gasifier after the decomposition process. During oxidation, 
which takes place generally, 700-1,400 °C, charcoal, or the solid carbonized fuel, reacts with the 
oxygen in the air to produce carbon dioxide and heat.

C + O2  → CO2 + heat (+393 MJ/kg.mol)

Reduction: Reduction process is endoterm reaction at higher temperatures and under reducing 
conditions, that is when not enough oxygen is available. the temperature of the reduction process 
at about 400-900°C. The reactions that occur in this process are
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Bourdour reaction:

C + CO2 → 2 CO (-164.9 MJ/kg.mol)

Steam-carbon reaction:

C + H2O → CO + H2 (-122.6 MJ/kg.mol)

Water-gas shift reaction:

CO + H2O → CO2 + H2 (+42 MJ/kg.mol)

Carbon monoxide methantion:

CO+ 2H2 → CH4 ¬+ H2O (+75 MJ/kg.mol)

the following reactions take place forming carbon dioxide (CO2), hydrogen (H2), and methane 
CH4, so in this step it is called producer gas ( Zobaa and Bansal,__ ).

2. Data and  Methode
The used method in this research is Literature Study through reviewing and comparing the data 
from mere references that relate with other data of the using corn stalk and corn cob as a resource 
of renewable energy and the data that relate to energy security through books, journals, theses, 
official websites or previous research.

3. Result and Discussion

3.1 The Potential of  corn stalk and corn cob Waste in Indonesia 
Corn production in Indonesia from 2012-2016 has fluctuated. Based on the analysis result of corn 
production data and the corn harvest width in Indonesia for the last five years shown in Figure 2. 
The graphic of figure 2 shows that the production of corn in Indonesia generally from year to year 
has the tendency to increase, even though there is degradation in 2013 from previous years. In 
the year 2016, the production of Corn has increased 18.23% that shows the highest escalation 
for the last five years. The escalation of corn production caused by the enhancement of harvest 
width, so if the harvest width has escalated, then the potential of produced corn cob and corn 
stalk’s waste will increase significantly. 
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Figure 2. Corn Production and Harvested Area in Indonesia ( 2012-2016) (BPS, 2016)

The average of corn production for the last five years is 19.16% million ton with the average 
harvest width 3.99 million hectare. According to Prasetyo (2002), the waste of corn stalk and dried 
leaves are3.46 billion per hectare, so that the average of corn cob’s waste based on Romi (2010) 
sample of one kilogram of corn produce 0.266 kilogram corn cobs, so with these corn production 
average on Indonesia, then the waste of corn cob that can be produced is about 5,176,360 ton. 
The average result of corn cob and corn stalk in the last five years shows that the potential of the 
waste in Indonesia has the high possibility as a resource of alternative energy.

3.2 Utilization of  waste corn stalk and corn cob as alternative energy sources

3.2.1 Bioethanol from waste corn stalk and corn cob
These following steps used to produce ethanol from lignocellulosic, firstly the biomass is dried 
and ground to vanish the water that contains and to reduce its particle size. The ground biomass 
is then mixed with water to make a slurry with an initial dry solid load between 10% and 15% 
(Zabed, et al., 2016).  The next step is  pretreatment of biomass. The aim of pretreatment is to 
remove lignin and hemicellulose from the lignocellulosic matrix (Wyman CE, 2005). Lignin is 
known to provide the rigidity in plant cell walls and protects them against microbial and physical 
breakdown (Hendriks, 2008), so lignin must be removed before hydrolysis process, its called 
delegnification.

To remove lignin can be used The Alkaline pretreatment by using 2% (w/v) NaOH as the 
pretreatment chemical, the optimal temperature and time settings should be kept at 1400C over 
retention time of 30 minutes for corn corb and corn stalk (Aboagye, 2017). The result of the 
Alkaline pretreatment on corn cobs and corn stalk is shown in Table 1.
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Table 1. Composition of corn cob and corn stalk (Aboagye, 2017)

Composition Corn cob Corn stalk
Cellulose (%) 32.56 40.45

Hemicellulose (%) 38.42 20.66

Lignin (%) 15.59 19.75

Ash content (%) 1.39 2.25

Others matter (%) 12.04 16.76

The next step is hydrolysis, the cellulose of the lignocellulosic biomass is required to convert into 
fermentable sugars before fermentation through a hydrolysis process (Lamsal et al., 2010). The 
main of hydrolysis  process is for converting cellulose into glucose and converting hemicellulose 
into xylose, conversion of cellulose and hemicellulose can be done using both acid and enzymes 
(Zabed, 2016). Acid hydrolysis  can be done via two approaches, they are dilute acid treatment, 
and concerted acids treatment (Balat, 2011), and mostly sulfuric acid (H2SO4) is used for acid 
, although other acids such as HCl, HNO3, TFA, and H3PO4 have also been reported to use 
for this purpose (Girio et al., 2010). Enzymes can hydrolyze both cellulose and hemicellulose to 
produce sugars at low temperatures ranging 45 0C – 50 0C and does not have any corrosion 
problem for the equipment (Duff and Murray, 1996). 

The next step is fermentation of the sugars. Fermentation is a metabolic process of 
microorganisms that convert soluble sugars into alcohol. Some bacteria and yeasts can metabolize 
monosaccharides (e.g., glucose and fructose) and disaccharides (e.g., maltose and sucrose) in 
the absence of oxygen, which results in the production ethanol and carbon dioxide (Sarris et 
al., 2016). In this process, monosaccharides and disaccharides are fermented by yeast such as 
Saccharomyces cerevisiae and Zymmonas mobilize bacteria (Hermiati et al. 2010). 

Table 2. The ethanol potential result from corn stalk and corn corb

Total Waste Dried Waste Cellulosa Hemicellulosa Glucose Xylose
(ton) (ton) (ton) (ton) (ton) (ton) from Glucose from Xilose Total

Corn stalk 13,805,400 12,424,860   5,025,856 2,566,976        3,819,650  2,310,278 1,851,732       746,668 2,598,400.00 
Corn cob 5,176,360 4,658,724     1,516,881 1,789,882        1,152,829  1,610,894 558,881          520,631 1,079,512.00 

3,677,912.00 

Potential of Biothanol (kL)Waste

TOTAL 

Table 2 shows the potential ethanol result from corn stalk and corn cob waste in Indonesia based 
on data of  corn production between 2012-2016 with the assumption dried waste of corn stalk 
and corn cob are 10% (Azmi, 2014) from the total waste. and it calculated according to Aboagye’s 
research (2017) with the assumption of cellulose and hemicellulose content 40.45% and 32.56%, 
and then for cellulose conversion and recovery efficiency 76%, ethanol stoichiometric yield 51%, 
glucose fermentation efficiency 75%, hemicellulose conversion and recovery efficiency 90%, 
ethanol stoichiometric yield 51%, glucose fermentation efficiency 5% (Badger, 2002) .So the 
produced ethanol is 3,677,912 kL.

3.2.2 Briquettes for corn cobs
Briquettes are one of alternative material as a substitute for fossil fuel that can be produced 
through utilization of corn cob’s waste. Romi’s research (2002) showed that in 1kg corn cobs 
can produce 40 pieces of dried briquettes with each mass 10 gram, 49 mm long and 25 mm of 
diameter. so it can be estimated, from 1 kg corn cobs can produce 400 gr dried briquettes. the 
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average number of corn cob’s waste for the last five years in Indonesia reach 5,176,360 tonnes, 
so the average number of briquettes that can be produced per year is 2,070,544 tonne of dried 
briquettes.

Chemical and physical characteristic of corn cob’s briquette as follows :

Table 3. Chemical and physical characteristic of corn cob’s briquette (Isa, 2012)

No
Chemical and physical 

characteristic

Composition of charcoal and adhesive

1 : 3 1 : 4 2 : 3 2 : 5
1 Water content(%) 6,66 7,3 8,66 7,5

2 Ash content (%) 3,28 3,11 3,5 34,4

3
Decomposition of volatile 
compound  (%) 44,58 58,99 62,2 51,3

4 Carbon content 45,48 54,56 25,84 41,2

5 Density (g/cm3) 0,63 0,6 0,56 0,55

6 Caloric 6757 6150 3758 2912

Table 3 shows some physical and chemical characteristic from corn cob’s briquette; it shows 
that 1 kg briquettes have lowest calor as 2912 calories with the comparison of the charcoal and 
adhesive 2:5 and the highest calor is 6757 calories with the comparison of the charcoal and 
adhesive 1:3. so with that result, it can be calculated the calor energy that has produced from corn 
cob’s waste with a lower point of calor reference and will get the number of calor from 2,070,544 
tonnes of corn cob’s waste briquettes for 6.03 x 106 GJ

3.2.3 Gasification for corn cob
Gasification is one process to turn solid biomass into flammable gas thermochemically. It can be 
done through 4 important gasification stage of the process, which are drying process, pyrolyzes, 
oxidation and reduction. With this processes, corn cob’s biomass can be converted to flammable 
gas or usually called syngas, which contains CO, H2, CO2, CH4 dan N2. Gita’s research (2009) 
in (2015) showed the point of calor, and the composer of corn cob’s syngas content is shown in 
Table 4. According to the data in table 4, so it can be calculated by this equation (Ashari,2012):

m syngas=  (η gasification x m biomess x HHV biomess)/(100% x LHV syngas)

According to the data of syngas contents and a number of corn cob’s calor in Table 2 and the 
equation above, so the gas’s mass of syngas from total corn cob’s waste that has been produced 
through gasification process is 3,760,710 tonne.Gita’s research (2009) showed that for 1 kg 
syngas of corn cob produces a number of calor 2826,53 kJ, so the number of calor from corn 
cob’s syngas in 1 tonne is 2826,53 MJ. the total mass of corn cob’s syngas produce the number 
of calor of 10,63x 106 GJ
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Table 4. syngas content and  calori chrocoal of corn cob

Biomassa Tongkol Jagung
H2 13.1%

O2 8.61%

N2 56.16%

CO2 9.67%

CO 10.87%

CH4 1.48%

C2H6 0.015%

HHV (Higher Heating Value) 6,066.53 kJ/kg

LHV (Low Heating Value) 2,826.53 kJ/kg

Efesiensi Gasifikasi 33,58%

3.3 Implication of  the potential utilization of  corn stalks and stalks as energy 
raw materials for National Energy Resilience.
The implications of the potential utilization of corn stalks and stalks as primary energy raw 
materials to support the achievement of the energy mix to achieve national energy security in 
this paper are analyzed based on four aspects of energy security of APERC, namely availability, 
affordability, accessibility and acceptability.

3.3.1 Availability
The principle of availability aspect means the availability of energy sources from maize harvesting 
waste that can be accessed and utilized as a source of energy supply. Corn is the second staple 
food after rice in Indonesia if seen the development of corn production in the last 5 years, corn 
production has positive growth with an average growth of 5.8% per year (Ministry of Agriculture, 
2016), so the potential waste is generated on average every year it increases. Based on these 
characteristics, the availability of stem and corncob biomass energy is very much, sustainable 
and long-term. This is different from the availability of oil and gas that is thinning annually.

3.3.2 Affordability
Index: affordability of price; The production and application of bioethanol from lignocellulosic 
biomass in Indonesia, including stem and corncob waste, still faces obstacles and constraints. 
The process of making ethanol from lignocellulose biomass still requires a very high cost so that 
the price of bioethanol from lignocellulosic biomass is still high so it is difficult to compete with the 
price of oil that is still subsidized. Therefore, in order for bioethanol prices to compete with the 
price of fuel oil, the government’s role is needed such as subsidizing the price of ethanol.

3.3.3 Accessablity
Index: Increased supply of renewable energy from biomass; Aspects of energy access related to 
the availability of infrastructure supporting the ease of reaching the location of energy sources. 
Affordability of corn production, in general, can be reached easily, but the obstacle in Indonesia, 
the conversion technology of lignocellulosic biomass into bioethanol that has not been fully 
controlled, so it is still not developed. Therefore it is necessary for the infestation of research 
and development to further master the conversion technology of lignocellulose biomass into 
bioethanol.
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3.3.4 Acceptability
Index: GHG emission reduction and community acceptance of energy; Energy derived from 
biomass has better characteristics than fossil energy because it can improve combustion efficiency 
and reduce greenhouse gas emissions.

4. Conclusion
This study showed that:

• Corn stalks and corn cobs have great potential as an alternative fuel, that can be 
applied as Bioethanol, briquettes, and gasification. 

• The Result of Bioethanol from waste corn stalks and corn cob produce 2,598,400 kL 
and 1,079,512 kL, respectively . The result of mass fuel briquettes from corn cobs 
produce 2,070,544 tons and caloric value of 6.03 x 106  GJ, waste corn cobs for the 
gasification produce syngas 3,760,710 tons and caloric value of 10.63 x 106  GJ.

• Biomass of corns can support the national energy security through the accomplishment 
of primary mixed renewable energy target. The proper coordination of stakeholders 
would be very necessary to fulfill the affordability and availability of the renewable 
energy. Price and quality of the energy itself should be maintained, so our people 
keep experiencing the national energy security.
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Abstract. Oil and gas industries play an important role to generate profits for Indonesia 
foreign exchange and economic development in the country. Its exploration and production 
activities contribute a negative impact on the environment, such as produced water. To handle 
the environmental conditions contaminated with petroleum and gas production can be done 
by bioremediation. The purpose of this study is to analyze and compare the efficiency of 
each bioremediation technique in terms of the qualitative and quantitative costs and benefits 
used for handling waste oil and gas industry. The highest benefit to the environment also can 
be obtained to support the rationalization of the Environmental Protection and Management 
Act (PPLH) no. 128 in 2003, among others by using bioremediation as an environmentally 
recovering technique that is exposed to contamination and assists the oil and gas industry 
in the management of waste. The result of this study found that bioremediation techniques 
that can be used include: (1) Land Venting treatment; (2) Bio-cell treatment; (3) composite 
treatment; (4) bio-venting treatment; (5) bio-slurry treatment; (6) phytoremediation treatment.  
the best bioremediation technique is Land Venting because only cost $ 30 – $ 70/m3. It can 
reduce TPH 91.15% for 4 weeks treatment period. The methods contribute between 1-10% to 
the crude oil production cost from a specific oil and gas field. 
Keywords: Biodegradation, Bioremediation, Cost Benefit Analysis, Environmental     
Protection, Produced Water, Oil and Gas Industries 

1. Introduction
Indonesia is a country that has oil and gas reserve quite a lot. Until now, oil and gas is still the 
main energy source used by Indonesia. Besides as a main energy resource, oil and gas are 
also still become one of the reliable sources of the economy because it can become one of the 
foreign exchange earners for the State. It means, the exploration and exploitation of oil and gas 
mines are still intensively carried out considering the potential of unexplored oil and gas reserves, 
especially in remote areas, deep sea, old wells, and eastern Indonesia that have not been fully 
explored (OECD , 2015). 

Oil and gas production activities, not only provide benefits for Indonesia, but also adversely affect 
the environment. Although it has been regulated in Environmental Protection and Management Act 
(PPLH) no. 128 in 2003, among others by using bioremediation as an environmentally recovering 
technique that is exposed to contamination and assists the oil and gas industry in the management 
of waste generated, but the implementation is still not appropriate. Environmental pollution due 
to oil and gas industry business activities has the potential to occur from upstream activities at 
the time of exploration and exploitation, down steam at the time of processing, transportation, 
storage, and at commercial time. When oil and gas production activities are running that impact 
include: contamination of hydrocarbon gas, drilling waste, produced water, oil spills and oil sludge.

Oil and gas exploitation is the carrying produced water along with the distillation. Produced 
water is water from the underground formation which is brought to the surface during oil and gas 
production. Produced water has large volume by-product associated with oil and gas exploration 
and production. Chemicals compound in Produced water is classified into B3 waste (Hazardous 
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and Toxic Substances). Direct exposure to the human body will cause many serious health 
problems to humans, causing death. Therefore, it is necessary to take a serious step towards 
the contamination. Handling environmental conditions contaminated with producing water can be 
done by remediation physically, chemically and biologically. Physical and chemical remediation 
is short and incomplete remediation (mass transfer between environmental media), only about 
10-15% of pollutants can be removed from the marine media. For the restoration of remediation 
required removal of media with biological techniques (bioremediation) in order to obtain optimal 
results (Nugroho, 2006)

There are several bioremediation techniques that can be done to overcome the problem of pollution 
that is toxic to living creatures in the environment of oil and gas production, namely: Land Venting 
treatment, Bio-cell treatment, composite treatment, bio-venting treatment, bio-slurry treatment, 
and phytoremediation treatment. The government through the Ministry of the Environment has 
established a legal umbrella to address environmental contamination, Kep Men LH. 128 in 2003, 
among others by using bioremediation as an environmentally-recovered environmental treatment 
technique.

The purpose of this study is to determine the ratio of costs and benefits among several methods 
of bioremediation that is usually done along with the resulting benefits. The advantages of using 
bioremediation techniques to overcome this waste of oil and gas industry will be analyzed based on 
cost and benefit analysis to evaluate the economic feasibility and sustainability of the technology 
in the future, which can support the rationalization of Environmental Protection and Management 
Law (PPLH) and assist the oil and gas industry in the management of waste generated.

2.  Materials and Methods
Sources of data for the study are literature, and going progress for experimental work.  Several 
studies done by some authors on petroleum hydrocarbon contaminants reveal that bioremediation 
is one of the most cost effective.  Therefore, data were sourced from some literature research 
done in the area where different methods of bioremediation technologies were applied (Fig 1).

Along with oil and gas production, there always trapped some water which is called produced 
water. It will be brought to the surface when the oil or gas is exploited. Produced water contributes 
the largest volume of waste in our environment. More than 77 billion bbl of water is produced per 
annum in the world. The character of produced water depends on the geographic location of the 
field and the type of hydrocarbon product formed differently. Produced water is dissolved and 
dispersed oil compound. Then, produced water also dissolved formation minerals and chemical 
compound. So, it is corrosive and also toxic (Duraisyami, 2013). 

Indonesia has 82 onshore and offshore exploration activities. The exploration of crude oil in 
Indonesia for instance more than 30 times case about the crude oil spill on produced water during 
1975-2008. 
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Figure 1. Research Methodology
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Techniques that can be used to restore polluted environmental conditions from pollution from 
waste oil and gas include:

a. Land Venting Treatment, where the bioremediation process is done by controlling the 
environmental conditions in the form of moisture control, added nutrients and also the 
pitch. This method can count as much as 80-90%.

b. Bio-cell technology, an innovative method for treating small quantities of soils 
contaminated with low to intermediate concentrations of petroleum hydrocarbons. 
The technology involves loading petroleum-contaminated soils into a dumpster or 
container, and stimulating aerobic microbial activity through aeration (Trotsky, 1998).

c. Composite treatment, Bio-composites can be defined as materials produced by two 
or more combined materials derived from living things or renewable materials.

d. Bioventing is a bioremediation process that can be done for in-situ and ex-situ 
processes by utilizing local microorganisms to decompose organic contaminants 
absorbed into the soil in the unsaturated zone (Princess, 2013).

e. Bio-slurry treatment, is a decomposition technique derived from microorganisms into 
a  form of liquid sludge (slurry)

f. Phytoremediation, is one of the bioremediation techniques that can be done 
in purifying back an environment from environmental contamination by way of 
phytoremediation. In this process, the pollutants are absorbed either by adsorbs or 
by plant absorption, as well as through degradation by enzymes during metabolism 
(Fatmawati, 2013). Phytoremediation offers an environmentally-friendly alternative to 
restoration because the surface area is able to absorb substances and mechanisms 
that efficiently accumulate water, nutrients and minerals, absorb selective ions, and 
be able to thrive and adapt to heavy metals or other pollutants at high levels (Carvalho 
& Martin, 2001 ; Chojnacka, 2009).

This paper will discuss the cost and benefit analysis of kinds of remediation which we stated 
before. Cost and benefit analysis is considered for the application of bioremediation technology of 
oil and gas waste. Assessment of the social and economic costs and benefits of a technological 
development has more functions than economic judgment in deciding on efficient technologies 
in improving the state and industry economy and people’s welfare. In addition, cost and benefit 
analyze also consider who benefits and who pays or incurs the costs of developing this technology. 
Therefore, social judgments include both moral and theoretical dilemmas, as introduced in the 
Hicks-Kaldor elective criteria that a technology is valuable to exercise if it has the potential to 
produce a Pareto optimality in the welfare of a country’s society. A condition of Pareto optimality 
will only occur if no new policy is found that can make the welfare condition of each individual 
society better or equal to its condition as in old technological conditions (Perkins, 1994: 50, 327). 

3. Result and Discussion 
Oil mining industry in Indonesia has generated many cases of very hazardous waste pollution. 
Oils are generated at facilities that have fuel stored in underground or above ground storage 
tanks, maintenance and vehicle wash areas, and training areas where fuel has been spilled 
on the ground. Private industry also faces similar problems at service stations, maintenance 
garages, and other facilities where fuels are used. Off-site disposal is traditionally used to dispose 
of these small quantities of contaminated soil. However, off-site disposal can be very expensive. 
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Figure 2. The Pictures of Oil Spill Accident of Produced Water in Indonesia, (Satya, 
2007)

The sources of oil spill equipment; (1) local company (Pertamina); foreign company (Chevron, 
Exxon, BP, Medco). Therefore, hard effort to minimize oil pollution impact is really needed. 
Some of the rules and regulations; Act no. 23 of 1997 concerning Environmental Management, 
Government Regulation No. 17 of 1974 concerning exploration, Government Regulation No. 19 
of 1973 concerning preventing environment, Government Regulation No. 82 of 2001 binding 
polluters to pay the damage, Joint Decision of the Director General Sea Communication and the 
Director General of Oil and Natural Gas No. DKP 49/1/1 of 1981 AND No. DKP 49/1/2 of 1981 for 
Procedure to combat oil pollution in Malacca and Singapore straits, The Minister of Communication 
Decree No. KM 86 of 1990 regarding prevention pollution, and Environmental Protection and 
Management Act (PPLH) no. 128 in 2003 about bioremediation as an environmentally recovering 
technique.

Produced water contains high petroleum hydrocarbon, we can see it in total petroleum hydrocarbon 
(TPH) of the water. Produced water also contain inorganic elements, and also some chemicals 
compound showed in the table 1:

Table 1. Concentration (mg/kg or part per million) elements inorganic in produce waters

Element Seawater
Produce Water

Highest 
Concentration

Range of Mean 
Concentration

Sodium 10,760 120,000 (J) 23,000-57,300
Chloride 19,353 270000 (P) 46,100- 141,000
Calcium 416 205,000 (P) 2530 - 25,800
Magnesium 1294 26,000 (D) 530 - 4300
Potassium 387 11,600 (D) 130 - 3100
Sulfate 2712 8400 (T) 210 - 1170
Bromine 87 6000 (J) 46 - 1200
Strontium 0.008 4500 (P) 7 - 1000
Ammonium - 3300 (P) 23 - 300
Bicarbonate 142 3600 (T) 77 – 560
Iodide 1767 1410 (P) 3 – 210
Boron 4.45 450 (T) 8 – 40
Carbonate - 450 (M) 30 – 450
Lithium 0.17 400 (J) 3 -50
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To cope with the contamination we can use environmentally friendly bioremediation techniques. 
Bioremediation is a process undertaken to degrade the contamination that occurs in the 
environment both in waters, air and soil with the help of microorganisms through bioremediation 
techniques. Bioremediation can be one alternative that can be done to control the contamination 
of heavy metals that harm the body economically. In addition, bioremediation can be done both in 
situ, directly in the place of contamination and nature, or ex-situ, physical removal of contaminated 
materials to a designated site (Hardiani, 2011). The concentration range (µg/L = ppb) several 
metals in seawater and in produce water shown in table 2.

Table 2. Concentration range (µg/L = ppb) several metals in seawater and in produce water

Metal Seawater
Produce Water
(Gulf of Mexico)

Arsenic 1 – 3 0.5 – 31

Barium 3 – 34 81,000 – 342,000

Cadmium 0.001 – 0.55 < 0.05 – 1.0

Chromium 0.03 – 0.35   < 0.1 – 1.4 

Copper 0.03 – 0.35 < 0.2

Iron 0.008 – 2.0 10,000 – 37,000

Lead 0.001 – 0.1 <0,1 – 28

Manganese 0.03 – 1.0 1,000 – 7,000

Mercury 0.00007 – 0.006 <1,0 – 7,0

Nickel 0.1 – 1.0 <1,2

Vanadium 1.9 10 – 3,600

Zinc 0.006 – 0.12

Phosphorus 17.0 mg/l

Organic Carbon ≤0.1 - > 11,000 mg/l

Nitrate 31.0 (mg/l)

Nitrite 1.40 (mg/l)

BOD 16,330 mg/l

In the bioremediation process, microorganism absorbs pollutants in two ways: the absorption of 
pollutants that depend on metabolism and the absorption of pollutants that are independent of 
the metabolism of microorganisms. The absorption process of pollutants that are not included in 
the metabolism of microorganisms occurs on the surface of cell walls as well as other external 
surfaces. Absorption occurs for example by ion exchange, complex formation or adsorption 
(Salmariza, 2012).

Research and application of bioremediation on soil environment has been started in Indonesia 
(Aditiawati et al., 2001; Sugoro and Aditiawati, 2003); however, in the marine environment 
and also produced water it still needs to be studied due to more complicated aspects and also 
difficulties. Therefore, comprehensive study of biodegradation processes that involve various 
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factors such as pollutants, microorganisms, energy sources, physical and chemical conditions, 
toxicity, competition, and metabolites accumulation has to be done. 

On the most preferred methods for the remediation process of produced water are:

a. Landfarming (Bio-compost) 

One of the bioremediation techniques that can be done to overcome the contamination of oil 
and gas waste is bio-compost. Through biodegradation, bio-compost is capable of degrading 
oil hydrocarbons by 58% with a combination of microbes and ryegrass plants for 162 days of 
experimentation (Tang, 2010). To measure the results of this technique, among others can be 
from PH, Water Holding Capacity, moisture content, ash content, and also Total Petroleum 
Hydrocarbon (TPH). 

PH at land conditions given land farming treatment will usually experience a decrease in pH. 
The activity of microorganisms causes alkanes in the bumu oil to form alcohol which will then 
form fatty acids. Then, the fatty acid is oxidized and forms acetic acid and propionate acid which 
decreases the pH value. Next is the water content, metabolic microorganism activity to degrade 
petroleum contamination is very important. Microbes will live on the oil and water interactions 
that greatly affect the degradation process. In this process of remediation, the amount of water 
content will increase so that the process of oil degradation will quickly take place. In addition to 
water content, the next thing to note is the water holding capacity. 

Oil contamination on soil can block the water to absorb into the soil. Landfarming techniques 
can increase soil porosity so that it can hold water by 40-60%. In addition, microbes will make 
contamination into one source of nutrients for microbes. After that, it is also necessary to know 
the level of ash after remediation using the landfarming technique. Provision of bio-compost gives 
a significant influence in the form of increased ash content at the end of treatment. Increased 
ash levels are caused by the mineralization process of plant metabolism and microbial in the 
remediation area. These minerals are available in the form of an organic salt, inorganic salts. In 
addition, there are also complex organic compounds inside which are indicative of soil fertility. 
Furthermore, land farming will be able to assist degradation of petroleum hydrocarbons. This 
technique can lower levels of TPH as much as 91.15% (ALiyanta, 2011). For the processing 
of contaminated land using Land farming techniques, according to the Federal Remediation 
Technologies Roundtable (RFTR) (2017), stated that Costs prior to treatment ($ 25,000 to $ 
50,000 for laboratory studies; about $ 100,000 for pilot tests or field demonstrations. Cost of land 
treatment: $ 30 to $ 70 per cubic meter ($ 25 to $ 50 per cubic yard). 

b. Bio-cell

Bio-cell able to remove pollutant in produced water in amounts ranging from a small quantity, by 
simply filling a portion of the container, to a large quantity, by using multiple containers (modular 
approach). Adding moisture and nutrients such as nitrogen and phosphorus can enhance 
microbial activity. The microbial activity degrades the petroleum-based constituents adsorbed by 
reducing the concentrations of these contaminants. Bio-cell technology had the highest cost of 
remediation.

Bio-cell Application Guidance” TR-2092-ENV to provide Navy installations a general overview 
of the bio-cell technology, design, operation and maintenance procedures, and economics. The 
document lists the basic materials and parts required to build a bio-cell. Bio-cell is able to reduce 
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TPH 57.14%. It also details the cost effectiveness of operating a bio-cell. The unit cost per yd3, 
amortized over 5 years with three operations per year, is $53.4/m3 for one bio-cell, $48.07/m3 
for two bio-cells, and $45.2/yd3 for three bio-cells, respectively. When the container is not at full 
capacity the costs per yd3 are significantly higher. Therefore, soil should be stockpiled until the 
bio-cell can be operated at 100 percent capacity. When compared to off-site disposal costs, which 
range between $52.3/m3 and $627.8/m3, the bio-cell technology could be a very cost-effective 
option. Bio-cell technology offers the following benefits:

• Bio-cell systems are relatively easy to design and construct.
• At most Navy sites, treatment can be completed in are relatively short period of 3 to 

6 months; Bio-cells may be cost-competitive with off-site disposal.
• Bio-cells are applicable to a wide range of site conditions and petroleum-based 

contamination.
• Soil volumes to be treated range between 20 to 200 yd 3 per year.

c. Composite Treatment

Composite treatment as green membranes has shown great potential in water remediation. 
The concentrations of nitrogen, phosphorus, total hydrocarbon utilizing bacteria (THUB), total 
heterotrophic bacteria (THB) and total petroleum hydrocarbon were determined using the 
remediation by composite treatment in a crude oil contaminated farmland. Statistics show that 
membrane technologies contribute up to 53 % of the total world processes for clean water 
production The increasing demand in membrane for technology is mainly due to their features itself 
as well as the ability to apply them in sustainable industrial designs. Ideally, membranes should 
have characteristics such as increased lifespan, good mechanical, thermal, and chemical stability, 
low cost, and minimum maintenance. The use of membranes also enables the improvement of 
industrial design whereby less land space is required for the setting up of various processes, 
energy consumption is low, and no additional chemical is needed when compared to conventional 
technologies. This renders membranes as an economical technology with potential in various 
fields such as separation, filtration, and catalysis for water treatment (Hanif, 2016).

For this treatment, it cost $62/m3 for the minimum price to $250/m3 for the maximum price for 21 
days treatment (SJ, 2014).

d. Bioventing

Bioventing is a promising new technology that stimulates the natural in situ biodegradation of any 
aerobically degradable compounds in soil by providing oxygen to existing soil microorganisms. 
In contrast to soil vapor vacuum extraction, bio-venting uses low air flow rates to provide only 
enough oxygen to sustain microbial activity. Oxygen is most commonly supplied through direct air 
injection into residual contamination in soil. In addition to degradation of adsorbed fuel residuals, 
volatile compounds are biodegraded as vapors move slowly through biologically active soil.

In remediation done with bio-venting techniques, the pH at the produce water changes tend to be 
irregular during the culture process. pH tend to increase, but still within reasonable limits ranging 
from 6-8. This pH change proves the presence of bacterial activity in the biodegradation process 
(Princess, 2013). During the degradation process which lasted 5 weeks, the final TPH value 
decrease was obtained as much as 82.21%. Costs to be spent on this technology can be divided 
into two scenarios, ie scenarios for small land and for large areas. for small land costs reached 
$ 928 / m3 - $ 970 / m3. Whereas, for large land the required cost is $ 79 / m3 - $ 109 / m3. The 
larger the area the cost will be cheaper (RFTF, 2017).
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e. Bio-slurry

Bio-slurry used reducing toxic in produced water due to petroleum oil has become a significant 
ecological issue due to their toxicity. The degradation of heavy metals (Zn, Cd, and Pb) showed 
that when Bio-slurry was added as remediation, it accelerates the breakdown of heavy metals to 
34 percent in 21 days, compared to the control. Bio-slurry seems to support maximum microbial 
growth resulting in highest dissipation of heavy metals. Although the potential economic benefits 
of increased yields through application of bio-slurry are high, it is difficult to quantify the likely 
improvement in yields at a specific site without detailed dynamic simulation modeling and analysis 
of the remediation. Treatment costs using bio-slurry treatment range from $130 to $200 per cubic 
meter ($100 to $150 per cubic yard). Costs ranging from $160 to $210 per cubic meter ($125 
to $160 per cubic yard) are incurred when the bio-slurry off-gas has to be further treated which 
showed good bioremediation capability regardless of the type of pollutant hydrocarbon and its 
concentration (Uma, 2014).

f. Phytoremediation

Phytoremediation of petroleum hydrocarbons: Various plants have been identified for their 
potential to facilitate the phytoremediation of sites contaminated with petroleum hydrocarbon. 
In the majority of studies, grasses and legumes have been singled out for their potential in this 
regard (Aprill and Sims, 1990; Qiu et al., 1997; Gunther et al., 1996; Reilley et al., 1996). However, 
Ndimele (2008) also reported that water hyacinth (Eichhornia crassipes).

Numerous benefits of phytoremediation have been established or hypothesized: 

• Phytoremediation can be less invasive and destructive than other technologies. 
• Studies have indicated that implementing phytoremediation may result in a cost 

savings of 50 to 80 percent over traditional technologies (EPA 2000b). 
• Phytoremediation may provide habitat to animals, promote biodiversity, and help 

speed the restoration of ecosystems that were previously disrupted by human activity 
at a site (EPA 2000b; DOE 2003; Wilson 2004). 

• Phytoremediation installations can improve the aesthetics of brownfields or other 
contaminated sites. 

• Phytoremediation may promote better air or water quality in the vicinity of the site 
(Wilson 2004). • Vegetation may help reduce erosion by wind or water (Wilson 2004). 

• Planted trees may also provide shade to buildings, helping to decrease energy 
consumption (Nowak 2002). 

• Forests and other vegetation serve as a carbon sink to help sequester carbon emitted 
from other sources. 

Remediation by using phytoremediation technique give some effect to produce water pH, although 
not that significant. It is shows there some activities from a microbe. The pH level remained acidic 
while the chloride content shows that the water is still highly saline. Most significant reductions 
were observed in the BOD which showed 5% efficiency and sulfate Petroleum Technology 
Development Journal (ISSN 1595-9104): An International Journal; Jan. 2012 - Vol. 1 6 (SO4 2- ) 
with about 50 % removal. This indicates a reduction in the organic waste and an improvement 
in the taste and odor. The total hardness reduction of about 7.5 % is not too significant as the 
effluent is still moderately hard (140-210 ppm). The TDS value reduction is quite small (about 7.4 
%), although the treatment has brought the TDS level below EPA standards of less than 500 ppm. 
The iron content reduction of about 2.15 % is quite negligible. This technique also able to reduce 
TPH in produce water until 36%. In the other hands, the total cost for produce water estimated $ 



274 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

75.35 /m3 for difficult treatment, $21.53/m3 for easy treatment (Dune, 2012). 

Cost and benefit of kinds of bioremediation treatment shown in table 3:

Table 3. Cost and Benefit of Kinds of Bioremediation treatment

No Remediation 
Technique

Cost $/ m3 Benefit

Minimum Maximum pH TPH % Period 
(weeks)

1 Land venting 30 70 Lower 91.15 4
2 Bio-cell 45.2 53.4 Stable 57.14 12

3 Composite 62 250  Stable 53 3

4 Bioventing 109 928 Higher 82.21 5

5 Bio-slurry 130 210  Higher  34 3

6 Phytoremediation 21.53 75.35 Lower 36 1.5

Figure 3. Bioremediation Technologies Cost Evaluation

If we see the data and graphic, we may know that phytoremediation has the most minimum 
cost than other, it is $ 21.53/m3. This method is able to reduce TPH by only 36% for 1,5 weeks 
treatment period . The second minimum cost is Land venting treatment, it cost $ 30/m3. Thus, 
Land venting is the best technique for reduce TPH from the produced water, which is able to 
reducing 91.15% for period treatment 1.5 weeks. The highest minimum cost is bio-slurry $130/
m3. It can reduce 34% for 3 weeks treatment period. Then, bio-cell is also chip enough, it cost $ 
45.2/ m3. It can reduce TPH to 57.14% for 12 weeks period treatment. Composite treatment cost 
for $ 62/m3. It can reduce 53% TPH for 3 weeks period treatment. 
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4. Conclusion
Based on the data on this paper, we can conclude that Landventing is the best technique to treat 
produced water. It takes cost $ 30 – $ 70. It can reduce TPH 91.15% for 4 weeks treatment period. 
The methods contribute between 1-10% to the crude oil production cost from a specific oil and gas 
field. The highest benefit to the environment also can be obtained to support the rationalization 
of the Environmental Protection and Management Act (PPLH) no. 128 in 2003, among others by 
using bioremediation as an environmentally recovering technique that is exposed to contamination 
and assists the oil and gas industry in the management of waste generated.
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Abstract. Since its successful debut in the United States, the popularity of shale gas around 
the globe has been rising considerably. The International Energy Agency predicted that in a 
period of fewer than four decades, around 30% of global gas demand would be sustained by 
shale gas. While this giant energy source sheds lights on a promising future, however, our 
current understanding of the optimization and risks management of shale gas potentials is 
still far from sophisticated. Uncertainty in resource estimation, fracability assessment of shale 
reservoirs, and fluid flow models are currently the most prevalent technical challenges that 
need to be tackled.
This paper discusses briefly how shale gas becomes a critical component that serves as a 
transition from high carbon-emitting fuel to clean-renewable energy in the near-future, and also 
provides in-depth discussions regarding the aforementioned technical issues from geological, 
geophysical and petroleum engineering perspectives. In summary, calculation of shale gas in-
place volume is based primarily on cores and well analysis (i.e., one-dimensional data), while 
an accurate resource estimation should consider the 2D or 3D heterogeneity of gas content 
throughout the shale reservoirs. Furthermore, a parameter that truly reflects fracability is in 
controversy. In the past, brittleness index (BI) was thought to be correlated with, to a certain 
degree, the propensity of shale reservoirs to break under artificial stimulations. However, this 
parameter is ambiguous and recent studies indicate that BI may be unreliable. Moreover, 
in shale gas reservoir simulations, simple Darcy Equation can only provide an accurate 
prediction for short-term reservoir performance, whereas in the long run, this method exhibits 
a considerable amount of error. These three technical challenges pose serious obstructions 
to shale gas development and will potentially render shale gas development unviable in the 
future.
Keyword: Fracability, Reservoir Simulation, Resource, Shale Gas

1. Introduction

1.1. Rise of  shale gas in developed countries
In the past, hydrocarbons trapped in the pore space of shale were not being considered as 
viable potentials due to severely low permeability. Auspiciously, the invention of horizontal drilling 
coupled with hydraulic fracturing technology opened a new hope to unlock this dormant giant. 
Since the first massively successful shale gas project of Barnett Shale in 1997, the hype of shale 
gas has been rising considerably in several countries.

Development of shale gas in the United States is an excellent demonstration of how gas production 
from shale reservoirs has been steadily replacing that from conventional reservoirs. As reported 
by the U.S. Energy Information Administration (E.I.A) in 2008, total annual production of shale gas 
in the U.S. contributed to only about 10.5% of total domestic gas production. In the same year, 
shale gas proven reserves only accounted for about 14% of the total gas reserves. However, four 
years later, both the reserves and production rate of shale gas skyrocketed to three and four folds, 
respectively. By the year 2015, the annual production of shale gas in the U.S. had contributed to 
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more than half of total annual gas production. The reserves are also growing rapidly and have 
dominated the total gas reserves since 2014 (Figure 1). Furthermore, E.I.A. predicts that similar 
trends will occur in several countries such as in Mexico, China, Canada, Argentina, and Algeria. 
Based on the forecast, these countries will supply at least 70% of the world’s total shale gas 
production (Figure 2). 

Figure 1. Shale gas industry in the U.S. has been growing rapidly since 2008. In 2015, natural 
gas produced from shale reservoir reached 15.2 trillion cubic feet annually, or almost half of the 

total annual gas production.

Figure 2. United States, China, Canada, Mexico, Algeria, and Argentina are predicted to be the 
leading countries in shale gas production in 2040 (approximately 70% in total). By that time, 

shale gas will account for at least 30% of the world’s natural gas supply.
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1.2. Shale Gas as a Transitional Commodity to Clean-Renewable Energy
Scientists and engineers around the world have long been envisioning the utilization of clean 
energy generated from clean alternative sources such as geothermal, nuclear, wind, and water 
to replace fossil fuels. While such a vision is favorable for environment-friendly and long-lasting 
energy consumption, it is almost impossible to substitute fossil fuels completely, at least not in 
the near future.

Key World Energy Statistics (2017) reported that more than 80% of global energy consumptions 
were accommodated by fossil fuels in 2015, and World Energy Outlook (2015) predicts that 
this trend will only change slightly until 2040 (Figure 3). The prediction is expected since fossil 
fuels play a vital role in the modern society. They provide the source of energy for electricity 
generation—including households and industries—and transportation, about 66% and 71% of 
the world’s total energy consumption, respectively (World Energy Statistics, 2017). Abandoning 
fossil fuels altogether means that many countries should build thousands of new power plants 
powered by alternative energy sources and transform the prevailing transportation modes, which 
will be immensely costly. Additionally, the actual cost of renewable energy is still high, relative to 
that of fossil fuel. Data comparing energy costs by sources shows that natural gas is currently 
the cheapest source for generating electricity (Table 1). Moreover, fossil fuels are strategic 
commodities on which the economy of many countries depends. Hence, countries that benefit 
largely from fossil-fuel exports will certainly be unenthusiastic of the idea of abandoning fossil 
fuels. 

Figure 3. The world will be depending primarily on fossil fuels until 2040. Nonetheless, natural 
gas and renewable energy will slowly replace coal and oil in the forecast. Since natural gas 
emits less CO2, this will be a decent strategy for mitigating excessive CO2 emission, while 

waiting for renewable energy to become more pervasive in the future.
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Table 1.  Predicted cost of electricity by country and energy source in 2015 (in USD/ kWe): 
Natural gas is still the cheapest energy source of electricity. 

China Belgium French Germany Hungary Japan Korea UK US

Coal 813 2307 NA 1848.5 NA 2496 1235 NA 2496

Gas 627 993 980 761 943 1246 929.5 726.5 1143

Nuclear 2211 5081 5067 NA 6215 3883 2021 6070 4100

Solar 832 1978 2189 1556 1960 2832 2055 1953 2813

Onshore Wind 1300 2133 1894 1841 1900 2999 2444 3320 1675

Geothermal

lifetime of each powerplant is taken into account without interest    * Kwe= 1000 watt of power

Complied from: Predicted Cost of Generating Electricity, 2015 - International Energy Agency

A good strategy to address the world’s commitment to decrease carbon emission in the near-
future without crippling the economy is, therefore, by steadily substituting coal with natural gas. 
Coal is, thus far, the most carbon-intensive fossil fuel in term of kg carbon dioxide emitted per 
energy produced. On the other hand, natural gas emits about half as much CO2 as coal does 
with the same amount of energy output (International Energy Outlook, 2016; EIA., 2017). In other 
words, the boom of shale gas production around the world can become a transitional solution to 
cleaner energy, while waiting for technologies of clean-renewable energy to mature in the far-
future. 

2. Current challenges in shale gas development

2.1 Resource Estimation
The Volume of gas is probably among the most important piece of information that needs to be 
identified prior to the development phase of a shale gas field. There are two broad categories of 
gas volume: resource and reserve. Resource or original gas-in-place (OGIP) is defined as the 
total volume of gas hosted in the rock formation(s), while the reserve is a portion of a resource 
(usually expressed in percent) that can be recovered under current market price and available 
technology. Although reserves ultimately dictate the investment value of a field, reserves are always 
directly proportional to the number of resources. In exploration and appraisal phase, reserves 
are estimated holistically based on the mineral quality of a shale formation and/or analogy from 
another pre-existing field since the data is still very limited. Typically, reserves estimation using 
this approach gives a range of 10-30 percent of the resources (McGlade, Speirs, & Sorrell, 2013).

A method employed in shale gas resource estimation is fundamentally different from its 
conventional counterpart in a way that the former is trapped in two phases (i.e., free and adsorbed 
gas), while the latter consists of only free gas. Therefore, calculation of total gas-in-place of a 
shale play must be carried out using a combination of two separate formulae (total free gas + total 
adsorbed gas). Total free gas in shale play is given by:
 

Vgf  =  
43560 AhΦSg

Bg
 

Where Vgf is the volume of free gas in SCF, Φ is the porosity (fraction), Sg is the gas saturation 
(fraction), A is the area of interest (acre), h is the thickness (feet), and Bg is the formation volume 
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factor (cuft/SCF). Note that this formula is identical to the one used in conventional gas play. On 
the other hand, the formula of total adsorbed gas is given by:

𝑉𝑉𝑔𝑔𝑔𝑔 =  43.65 Ahρ𝐺𝐺𝑐𝑐 

 
   where

𝐺𝐺𝑐𝑐 =  V𝐿𝐿 x P
𝑃𝑃𝐿𝐿 + P 

 
where Vga is the volume of adsorbed gas in SCF, Gc is the gas content (m3/ton), VL is the Langmuir 
volume (m3/ton), PL = Langmuir pressure (MPa), ρ is the average gas density (kg/m3), and P is the 
original reservoir pressure (MPa).

Variables for free and adsorbed gas equations can be obtained within a reasonable degree of 
accuracy from well data, i.e., logs and core analysis. Since well data only captures variations of 
rock properties with respect to depth (one dimensional), relying solely on average of several wells 
will omit two and three dimensional reservoir heterogeneity in resource calculation. At best, 3D 
heterogeneity can be obtained using the geostatistical method, and at worst, 2D heterogeneity 
can be roughly estimated with contour interpolations. However, the accuracy of a geostatistical 
model is contingent on a number of wells, which is typically scant prior to the development phase. 
Similarly, the accuracy of contour interpolation also relies on well counts. Moreover, interpolations 
assume smooth changes of rock properties through space, which is not always true. 

A more proper form of countermeasure to capture shale reservoir heterogeneity potentially rests 
upon the application of seismic inversion. Though seismic data is not sensitive to all variables 
required for resource estimation, one can use a particular key property to derive the other 
variables if: (1) that key property is sensitive to seismic inversion (2) and correlates very well with 
the required variables. This paper proposes total organic carbon (TOC) as an appropriate key 
property for that purpose, owing to the two key facts: (1) TOC is sensitive to acoustic impedance 
and (2) the relationship of TOC with porosity, gas saturation, and Langmuir Constants can be 
inferred logically and is demonstrable empirically.

1. The surface of organic matter adsorbs gas very effectively (Yu et al., 2014). As a 
result, sorption capacity of shale reservoirs must be correlated to the amount of TOC 
in shale reservoirs (Figure 4).

2. Expulsion of hydrocarbon to the vicinity of organic matter will intuitively increase 
local gas concentration. Xu et al. (2017) had found a decent method to capture 
their statistical relationship (Figure 5). Additionally, the miniscule permeability of 
shale should normally restrict migration, which consequently prevents local gas 
concentration from declining. 

3. Organic matter contains natural well-developed micro-pores (Xue et al., 2016). 
Moreover, upon expulsion phase, a portion of mature organic matter (kerogen) is 
being converted into more voluminous mass of hydrocarbon, thus increasing porosity 
and the surrounding pore pressure. The increase in pore pressure may trigger micro-
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scale fracturing which, in turn, creates more pore space (Duhailan & Sonnenberg, 
2014). In fact, organic matter has a notable contribution to porosity in shale reservoirs 
(Figure 6).

An inescapable conclusion from the three pieces of evidence presented above is that TOC 
governs the overall capability of a shale reservoir to host hydrocarbon. An accurate model of 
TOC distribution throughout the area of interest is, therefore, the ultimate key to robust resource 
estimation. Once the spatial distribution of TOC has been obtained from seismic inversion, one 
can employ several alternative methods to derive the free & adsorbed gas variables. Direct 
conversion of TOC to the desired variable using linear regression is probably the simplest method 
to implement. A more advanced method entails geostatistical modeling of the desired variable 
using Sequential Gaussian Simulation, with TOC co-kriging. 

An inherent shortcoming of these methods resides in the fact that the relationships between TOC 
and the other variables (i.e., porosity, saturation, and Langmuir constants) are not perfect (R2<1). 
There is a possibility that errors from several variables amplify each other to produce a greater 
error in the final result. For example, overestimated porosity and overestimated gas saturation 
will end up giving an even more severe overestimation of free gas volume. However, it is also 
plausible that underestimated and overestimated variables cancel each other out and produce a 
more accurate estimation. Further study is required to comprehend whether those errors tend to 
interact in a constructive or destructive manner, or probably the nature of their interactions should 
be assessed on a case-by-case basis.

In cases where TOC does not correlate well with acoustic impedance, one can use bulk density 
as a substitute. Since TOC has positive correlations with porosity, gas saturation and adsorbed 
gas, the amount of TOC should be negatively correlated with bulk density (Figure 7). The spatial 
distribution of bulk density estimation can be obtained using amplitude versus offset (AVO) method 
(Mayer, Dumitrescue, & Larson, 2015; Sharma & Chopra, 2015). Alternatively, one may simply 
apply linear regression to predict total gas content (free & adsorbed) from bulk density (Figure 8) 
(Decker, Wicks, & Coates, 1993).
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Figure 4. (A) Methane sorption capacity under 6 – 10 MPa pressure vs. TOC. (B) Langmuir 
volume (maximum sorption capacity) vs. TOC. 

Figure 5.  Samples from Longmaxi-Wufeng shale, Southeastern Sichuan Basin (Xu, Xu, & 
Qin, 2017): The crossplot demonstrates an exceptionally robust relationship of TOC/TOC max 

versus core gas saturation/conventional water saturation (in percent).
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Figure 7. Total organic carbon is negatively correlated with bulk density. A sample with high 
organic matter tends to contain more porosity, gas saturation and sorption capacity, which 

collectively reduce bulk density of a rock.

Figure 8.  An example of bulk density versus total gas content from Antrim Shale (Decker, 
Wicks, & Coates, 1993): the regression formula presented in this paper is not taken from 

Decker’s original work. The estimated value of y at x equals 0 is 120 scf/ton, and the estimated 
x at y equals 0 is 2.67 gr/cc.
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2.2. Fracability Assessment
A typical characteristic of shale gas potentials is its extensive coverage of reservoir zone. A 
widespread potential area (>10000 km2) and an exceptionally thick pay zone (>1000 m) give an 
impression that drilling many wells all over the area can greatly improve gas productivity. In reality, 
productive zones of a shale gas reservoir are restricted to local patches called sweet spots. In 
other words, two shale gas wells separated by a distance of only a few hundred meters may yield 
a totally different production rate (Figure 9). Therefore, as pointed out by Glaser et al. (2014), 
identification of sweet spot is critical for effective well placement decisions.

Intuitively, pay zones with high local gas contents should be the ideal “sweet spots” for production 
wells. While this is true to some extent, it is almost impossible to extract shale gas economically 
without hydraulic-fracturing treatment. The treatment serves as a way to enhance permeability 
(thus, flow rates) by fracturing the reservoir rocks around the well. Since shale reservoirs are 
heterogeneous, the response to the treatment will vary in degree of efficiency from place to place. 
The quest of geoscientists is to find the most suitable place for hydraulic fracturing, as another 
sweet spot parameter. 

Two concepts are usually involved in many discussions about hydraulic fracturing: fracability and 
in-situ stress regime. Discussions about fracability include many geomechanical terms that may 
be ambiguous. For instance, many kinds of literature used brittle and elastic or ductile and plastic 
interchangeably, while ignored the technical differences between those terms (Bai, 2016). To avoid 
ambiguities, the next section provides a brief description of several important geomechanical 
terms that are frequently used in literature. Additionally, basic concepts of fracture mechanics 
and in-situ stress pertinent to hydraulic fracturing are also included within the illustration. The 
last section summarizes and discusses the controversy surrounding the application of brittleness 
index (BI) as a fracability parameter.

Figure 9. Sweet spots identified from seismic anomaly (Glaser, Johnson, Kleinberg, Miller, & 
Pennington, 2014): This map demonstrates how wells separated by small distances yielded 
different flow rates. Six vertical wells had been drilled in the Woodford shale play and their 

cumulative production for 2.5 years was measured. Wells with decent productivity always fall 
within the sweet spot areas. The most productive well produced roughly twenty times as much 

gas as the least productive one. This is to underline that sweet spot identification is the pinnacle 
of shale gas prospecting. Note that the seismic sweet spots used in Arkoma Basin may not 

apply to the other shale plays.
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2.2.1. Geomechanical Terms 
For the sake of simplicity, geomechanical terms in this paper will be explained in the light of 
stress-strain diagram provided in figure 10A: 

1. Dimension(s) of material will change when stress—either tension or compression—is 
applied to it. At first, the material will undergo elastic deformation where it can still 
regain its original length upon stress removal. As the stress increases further, the 
material will reach a point beyond which the deformation becomes permanent (plastic 
deformation). An elastic deformation in a stress-strain diagram, as illustrated in figure 
10A, is always represented by a straight line, as opposed to plastic deformation.

2. A material is said to be brittle if the stage of plastic deformation is short. On the other 
hand, a ductile material maintains a longer stage of plastic deformation (Altindag, 
2003). Additionally, ductile failure has a necking period before failure, whereas brittle 
failure displays no such a feature.

3. Stiffness or Young’s Modulus is the slope of the straight line in the stage of elastic 
deformation. Stiff materials exhibit larger slope angle, thus require more pressure to 
change its length than the less stiff ones.

4. Ultimate strength (or just strength) is the maximum pressure that a material can 
withstand. The term unconfined compressive strength (UCS) is used when the 
material is only subjected to a single stress with no confinement. Note that subsurface 
reservoir rocks are always under in-situ confinement stress. Therefore, the in-situ 
strength of a reservoir is always greater than its unconfined compressive strength.

2.2.2. Brittleness Index and Its Controversy
Brittleness index (BI) is a ubiquitous parameter applied to hydraulic fracturing assessments. The 
purpose of brittleness index is simply to discriminate brittle from ductile rocks, under a basic 
assumption that reservoirs with high BI (brittle) are more suitable for fracturing compared to those 
with low BI (ductile). Though there is no consensus on how should brittleness be quantified, 
there had been numerous attempts to define and synthesize formulae for brittleness indices. 
The most pervasive method applied in tight reservoir plays is that of Rickman et al. (2008). He 
quantified BI using Young’s Modulus (E) and Poisson’s Ratio (v), where high BI corresponds to 
high E (stiff) and low v. Other authors emphasize on the proportion of brittle mineral constituents 
(Jin, Shah, Rogiers, & Zhang, 2014; Wang & Gale, 2009; Jarvie, Hill, Ruble, & Pollastro, 2007), 
elastic properties (Goodway, Perez, Varsek, & Abaco, 2010), internal friction angles (Hucka & 
Das, 1974), and average of rock strengths (Altindag, 2003). Nevertheless, Herwanger et al. 
(2010) pointed out that all of those formulae are essentially indicators of lithology, where higher BI 
corresponds to higher quartz to clay ratio.

The usefulness of brittleness index as a parameter for hydraulic fracturing has been challenged 
by Bai (2015). First of all, Bai opposed to Rickman‘s idea that brittle rocks exhibit higher stiffness; 
brittleness and stiffness are two separate concepts and should be treated as such (see Figure 
10). Furthermore, Bai questioned the assumption that brittle rocks are easier to fracture. He 
pointed out that brittleness and ductility are ambiguous indicators of rocks’ susceptibility to 
failure, since brittle rocks can be hard to fracture under confinement stress. As an alternative, 
Bai proposed compressive strength as a more appropriate parameter, owing to the fact that 
it directly describes the maximum pressure a material can withstand. Furthermore, since 
compressive strength increases with confinement stress, then, the in-situ confinement stress and 
unconfined compressive strength (UCS) should then be taken into account in hydraulic fracturing 
assessments. Bai summarized that a pay zone with low in-situ stress and low UCS is the most 
favorable section for fracturing stimulation, regardless of its brittleness or ductility.

Hydraulically induced fractures are tensile failures (Hoeksema, 2013), therefore, a parameter 
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based on compressive strength—as proposed by Bai— is also not a direct descriptor of fracability. 
Nonetheless, many empirical studies proved that tensile strength increases with compressive 
strength (e.g. Kahraman et al., 2012). If Bai’s proposition is correct, then Rickman’s brittleness 
index that equates high Young’s Modulus (E) to a good fracking potential could be invalid. This is 
because Modulus of Elasticity tends to correlate positively with compressive strength (Carmichael, 
2009; Collwel & Frith, 2006; Chang, Zoback, & Khaksar, 2006). It means that a material with 
higher BI is actually unfavorable for fracturing stimulations, thus defeating its original purpose. 
The same conclusion applies to the other BIs since they are essentially related—as demonstrated 
by Herwanger et al. (2010).

Thus far, there are two separate ideas regarding what is truly important in hydraulic fracturing. 
The first one emphasizes on brittleness, i.e., whether or not the reservoirs will undergo brittle 
failure. The second one focuses on rock strength, i.e., whether or not the reservoirs can be easily 
fractured, regardless of the failure type (i.e., brittle or ductile failure). Hu et al. (2016) attempted 
to incorporate those two ideas by introducing fracture toughness into Rickman’s Brittleness 
Index. Since fracture toughness increases with rock strength, Hu’s equation is fundamentally 
a combination of brittleness and rock strength. He demonstrated that this new approach could 
produce a more accurate representation of fracability (Figure 11).

Figure 10. (A) The stress-strain diagram above illustrates the behavior of materials when 
subjected to stress. By the definitions given in the text, one can see that material 1 (black line) 
has the highest strength of all three, second highest stiffness and is very ductile (least brittle). 
On the other hand, material 2 is the stiffest of all three, possesses slightly lower strength than 

material 1, and is very brittle. Finally, material 3 has the least strength and stiffness but is more 
brittle than material 1. (B) In-situ stress is divided into three component, i.e. maximum horizontal 
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principal stress (S max), minimum horizontal principal stress (S min) and vertical stress/
overburden (Sv). Tensile fractures (red) are always perpendicular to the weakest stress – S 

min in this case. Planes of tensile fractures may be horizontal if the overburden stress is very 
weak (e.g., at shallow depth). To create fractures, the pressure of hydraulic stimulation must be 

greater than the sum of tensile strength & the weakest stress.

Figure 11. Comparison of Hu’s vs. Rickman’s Brittleness Index (BI) from Haynesville (H), Eagle 
Ford (E), Barnett (B), and Longmaxi (L) core samples: Hu’s method shows a better agreement 

with fracture density of the cores. (note: The red boxes indicate samples with the highest 
fracability)

2.3 Modeling Gas Flow in Shale Reservoirs
Building an accurate reservoir model is key to reservoir development and management in any 
type of reservoirs, be it conventional or unconventional. In shale-gas reservoirs, one parameter 
that has a critical impact on the numerical reservoir simulations is permeability to gas (Xiong 
et al., 2012). It allows us to maximize the economic gain through, among many, efficient 
development-well placement, effective secondary and tertiary recovery methods, and precise 
reservoir performance predictions (Civan et al., 2013). In the simulation studies of conventional 
reservoirs (e.g., sandstones), simple Darcy’s equation used in most commercially available 
software can give satisfactory results. It has also proven that shale gas reservoir simulations can 
be carried out using conventional single-porosity or dual-porosity model (matrix and fracture) with 
acceptable accuracy (Alharthy et al., 2012). Nonetheless, the conventional dual-porosity model, 
in which Darcy’s law is employed as the governing equation, cannot adequately address the 
intricate dynamics of gas flow in micro and nano pore network (Yan et al., 2013). In addition, the 
permeability estimation using dynamic data is only valid for large reservoir scale and cannot be 
used for describing the details of reservoir heterogeneities (Civan et al., 2013).

The standard continuum flow equation greatly underestimates the actual gas production owing to 
the higher apparent permeability in shale deposits (Javadpour et al., 2007). This is because there 
is more than one transport mechanism in such reservoirs—slip flow and Knudsen diffusion—that 
can produce thousand times greater permeability than conventional Darcy (Javadpour et al., 
2007; Javadpour, 2009). The higher-than-expected gas production in shale hence necessitates 
the development of a more sophisticated model that incorporates the characteristics of shale 
reservoirs (pore size, pore geometry, etc.), fluid properties, and operating conditions (average 
reservoir pressure and temperature) to obtain a more reliable reservoir performance prediction 
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(Alharthy et al., 2012; Farid and Killough, 2016).

2.3.1. Gas Flow through Nanopores
The characteristic that distinguishes shale from conventional reservoirs is the pore size. Xiong et 
al. (2012) revealed that pores in organic matters are of nanoscale (generally smaller than 10 nm), 
which are comparable to the free path of gas molecules. In such a medium, the flow of gas and 
its interactions with the pore surface become very different from those in conventional systems 
(Moghaddam and Jamiolahmady, 2016) The term Knudsen number, which is the ratio between 
the mean free path of gas molecules (λ) to the characteristic length of the flow conduit (D), is 
commonly used to describe the gas flow regime (Table 2).

Table 2. Flow regimes in gas flow through nanopores based on Knudsen number.

Knudsen Number (Kn) Flow Regime

0 – 10-3 Continuum/Darcy flow

10-3 – 10-1 Slip flow

10-1 – 101 Transitional flow

> 101 Free-molecular flow

Knudsen number (Kn) can demonstrate the likelihood of intermolecular and molecule-wall 
collisions, hence measure the degree of appropriateness of continuum model (Okamoto et al., 
2015). Figure 12 illustrates the pore size and mean free path of gas molecules in four flow regimes 
classified based on Knudsen number. When Kn is very low, i.e., the pore size is much larger than 
the gas molecule, the gas flow can be treated as continuous flow since the mean free path of gas 
molecules is negligible. This flow regime can be modeled by Navier-Stokes equations using no-
slip boundary conditions (Figure 13 a). During slip flow regime, the discontinuity of gas molecule 
becomes more apparent especially near the surface of pore walls. In this flow regime, Navier-
Stokes equations with no-slip boundary conditions can still be used for describing the bulk gas 
flow, but they fail to capture the physics of the gas flow near the pore walls (Figure 13 b). Since 
the Knudsen number of most shale reservoirs ranges from 10-3 to 1 (Ziarani and Aguilera, 2011), 
the prevalent flow regimes in such reservoirs are slip flow and transitional flow. During transitional 
flow regime, the frequency of the collisions between gas molecule and pore wall becomes higher 
than intermolecular collisions, and the effect of molecular discontinuity appears in the center 
of the flow (Okamoto et al., 2015). When Kn is much higher than 10, (very small pore size or 
high mean free path of gas molecules), the free-molecular flow regime exists, and the collisions 
between gas molecule and pore wall mainly control the transfer capacity.

Figure 14 further describes the modes of gas flow through organic nanoporous media. Viscous 
flow is driven by pressure field (gradient) and can be accurately modeled by Darcy flow. When 
the scale length of the pore is comparable to the mean free path of gas molecules, collisions 
between gas molecules are prevalent, and hence the Knudsen diffusion becomes the dominant 
flow mechanism. Surface diffusion is driven by the concentration gradient of the adsorbed gas. 
Adsorption and desorption phenomena occur on the surface of organic matter (kerogen). In some 
studies that will be reviewed later in this paper, adsorption and desorption affect the permeability 
of shale gas reservoirs by altering the effective pore size and surface diffusion capacity.
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Figure 12. Four schematic diagrams of gas flow in nanopores: (a) continuum flow, (b) slip flow, 
(c) transitional flow, and (d) free molecular flow (Moghaddam and Jamiolahmady, 2016).

A great deal of work has been done to develop a model that can integrate various flow mechanisms 
and consider the coupling effects among them to describe the gas flow mechanism in nanoporous 
media better. Wu et al. (2014) classify approaches of gas flow modeling through nanopores into 
two: molecular and macro models. Molecular dynamics (MD), Burnett equation, direct simulation 
Monte Carlo (DSMC), a solution of linearized Boltzmann equation (LBE), among others, are 
the commonly used method to model fluid flow at a molecular level. Owing to its expensive 
computational requirement, the feasibility of this approach for industrial purposes is very limited 
(Koplik and Banavar, 1995; Gad-el-Hak, 1999; Nie et al., 2004).

Figure 13. Velocity profiles of (a) viscous flow and (b) slip flow

The next section of this paper presents key findings from works on the macro model. This model 
consists of three approaches: (1) modifying no-slip boundary condition of Navier-Stokes equations 
to describe all gas transport mechanisms (i.e., continuum flow, slip flow, transitional flow, and 
free molecular flow in one equation), and (2) determining weighting coefficient of each transport 
mechanism that exists in gas flow through nanopores, and (3) multi-pore scales modeling of gas 
transfer. In addition, the limitations of the present macro model of gas flow in shale formations are 
also discussed.



292 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

Figure 14. Gas-molecule behaviors in organic, nanoporous media.

2.3.2. History of  Macro-Model Development
Klinkenberg (1941) empirically investigated the slip phenomenon in gas flow through porous 
media, which was responsible for the higher apparent permeability relative to that of Darcy. 
Ertekin et al. (1985) developed a mathematical model describing gas transfer in a very tight 
porous medium by integrating Knudsen diffusion and viscous flow. Beskok and Kardiadakis 
(1999) attempted to combine viscous flow, slip flow, transitional flow, and free molecular flow 
into a single model. Javadpour (2007) proposed an alternative approach to modeling gas flow 
in a nanoporous medium using constant diffusion coefficient while neglecting viscous effects. 
Javadpour (2009) developed apparent permeability in mudrocks (shale) based on Maxwell’s 
theory by arithmetically summing up the mass flux from Knudsen diffusion and advection. Civan 
(2010) derived an empirical correlation of gas permeability by taking into account the effects of 
intrinsic permeability, porosity, tortuosity, gas rarefaction and Klinkenberg gas slippage factor. 
Civan et al. (2010, 2011, 2012, 2013) assessed methods for determining intrinsic permeability 
from a pressure-pulse measurement based on non-Darcy flow models under various testing 
conditions.

Azom and Javadpour (2012) develop a model that combined Knudsen diffusion and slip flow 
using capillary tube models and accounted for real gas effects. Xiong et al. (2012) proposed a 
model to address the influence of gas adsorption by considering the loss of porosity and pore 
cross-sectional area due to pressure. Darabi et al. (2012) developed a pressure-dependent 
permeability model considering surface roughness to account for Knudsen diffusion and slip flow 
in tortuous micro and nanopores. Alharthy et al. (2012) developed a multi-scale pore model to 
include advection, diffusion and Knudsen flow for single-phase, multi-component gas flow. Singh 
and Javadpour (2013) developed an analytical formulation of apparent shale permeability that 
depends on pore size and geometry, temperature, gas properties and average reservoir pressure. 
Yan et al. (2013) developed a micro-scale model of shale gas reservoirs by subdividing the bulk 
of the shale into four porosity systems. Farid and Killough (2016) tried to advance the micro-scale 
model by Yan et al. (2013) to a field scale.

Wu et al. have conducted extensive research about shale gas flow modeling. They proposed a 
new apparent permeability of shale reservoirs based on Langmuir isotherm and mass balance 
equation by combining viscous flow and Knudsen diffusion (Wu et al., 2014). Wu et al. (2015) 
extended their previous work by taking into account the real gas effect. In the same year, Wu 
et al. (2015) also developed a model for gas transport in microfractures of shale and tight gas 
reservoirs. Wu et al. (2016) furthered their works by considering slip effect, real gas effect, and 
the cross-section type and shape of nanopores. In another work, adsorbed-gas surface diffusion 
is also incorporated (Wu et al., 2016).
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2.3.3. Factors Affecting Gas Transport Capacity in Shale Reservoirs
Numerous studies have demonstrated how the permeability of shale reservoirs deviates from 
Darcy permeability and is influenced by several factors, including average reservoir operating 
conditions (pressure and temperature), pore structure (size, geometry and shape), existing 
transport mechanism (e.g., slip flow, diffusion, and adsorption), gas properties (e.g., molar mass), 
and the coupling effects of them.

The effects of nano-scale pore size and average reservoir pressure become critical when 
investigating bulk gas flow in shale reservoirs. The contribution of Knudsen diffusion to total gas 
flow increases considerably as the pore size decreases (Darabi et al. 2012; Javadpour, 2009; 
Singh and Javadpour, 2013; Wang et al., 2017). As a consequence, the deviation of apparent 
permeability from Darcy permeability becomes more obvious with decreasing pore size. At 
lower pressure, Klinkenberg/slippage effect is pronounced, and hence the deviation of apparent 
permeability from Darcy permeability becomes larger at the same pore size and gas components 
(Xiong et al., 2012; Darabi et al. 2012; Naraghi et al., 2016; Wang et al., 2017). On the other hand, 
viscous flow and its contribution to the total flow increases with increasing pressure and pore 
radius (Wu et al., 2014; Wu et al., 2015).

The adsorbed gas on the pore surface of the organic pore-wall should be considered as it reduces 
the cross-sectional area of the pore and thus decreasing the bulk gas transport capacity (Xiong 
et al., 2012; Wang et al., 2017; Wu et al., 2015). Adsorbed gas increases with decreasing pore 
radius, since the smaller the pore radius, the higher the number of pores and, thus, the larger 
adsorbed gas section area (Xiong et al., 2012; Wu et al., 2015; Wu et al., 2015). As illustrated in 
the Langmuir isotherm, the adsorption capacity of gas also increases with increasing pressure. 
Unlike the bulk gas flow, surface diffusion increases with the increase of adsorbed layer (Darabi 
et al. 2012; Wang et al., 2017). Nevertheless, the effect of surface diffusion to total gas flow 
capacity in nanopore is still open to debate (Wang et al. 2017). During the depressurization of 
shale gas reservoirs, the adsorbed gas is released and consequently the bulk gas transport 
capacity increases (Alharthy et al., 2012; Wu et al., 2014). Desorption also helps to maintain 
reservoir pressure and driving gas to the well at the time when free gas from larger pores has 
been produced (Farid and Killough, 2016). 

In general, at smaller pore size, surface diffusion dominates over all ranges of pressure and the 
viscous flow can be ignored. At larger pore size, however, surface diffusion is negligible over 
all ranges of pressure, while viscous flow and Knudsen diffusion dominate in higher pressure 
and lower pressure conditions, respectively (Wu et al., 2015). When the pressure is high, real 
gas effects have significant influence to the apparent permeability predictions in nanoscale 
porous media and hence cannot be ignored (Wu et al., 2015; Wu et al., 2016). Interestingly, 
non-Darcy flow non-linearly affects the pore size by: (1) reducing the rate of pressure drop, and 
(2) influencing desorption, stress, and desorption-stress coupling effect (Wang et al., 2017). 
The relationship between apparent permeability and pressure is independent of matrix size and 
fracture permeability, implying that apparent permeability is the average property of the matrix 
bulk (Yan et al., 2013). 

Deviation of apparent permeability from Darcy permeability is not significantly affected by the 
variations of reservoir temperature within practical range (Singh and Javadpour, 2013). In 
addition, the deviation is also minimum for higher molar mass under high-pressure conditions. 
However, under low-pressure conditions, apparent permeability slightly increases for lower 
gas molar mass (Singh and Javadpour, 2013; Wu et al., 2015). Langmuir sorption increases 
with increasing temperature (Naraghi et al., 2016), which enhances the contribution of surface 
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diffusion to the total flow, owing to the increase of adsorbed layer (Darabi et al. 2012; Wang et 
al., 2017). On the other hand, desorption decreases with decreasing temperature (Wu et al., 
2015). When considering the flow of compressible fluid (i.e., gas), rarefaction effect can influence 
gas transport capacity. Rarefaction effect becomes increasingly obvious with increasing Knudsen 
number, while it decreases with pressure (Civan, 2010). In addition, this effect decreases with 
the pore size (Civan et al., 2011). Adsorption capacity is weaker with increasing pressure when 
considering real gas effect (Wu et al., 2015).

2.3.4. Limitations of  Present Macro Models

Table 3. Limitations of various models of gas transfer in shale reservoirs

Authors Limitations

Klinkenberg (1941); Beskok and Karniadakis (1999); Javadpour 
(2009); Civan (2010); Azom and Javadpour (2012); Darabi et al. 
(2012); Rahmanian et al. (2013)

Too many empirical coefficients

Liu et al. (2002), Civan (2010); Civan et al. (2010, 2011, 2013); 
Xiong et al. (2012)

Only valid for Kn < 1

Florence et al. (2007); Javadpour (2007); Javadpour (2009); Civan 
et al. (2010); Darabi et al. (2012); Wu et al. (2015)

Neglecting changes in pore geometry 
due to stress changes

Javadpour (2009), Azom and Javadpour (2012), Darabi et al. 
(2012), Guo et al. (2013), Singh and Javadpour (2013)

Unreasonable linear superposition of 
various transfer mechanisms

Table 3 summarizes some limitations associated with the numerous studies of gas transfer in 
shales that should be overcome in order to acquire the most reliable and practical models. One 
of the most fundamental shortcomings is the needs for obtaining empirical coefficients (Singh 
and Javadpour, 2013; Wu et al., 2014; Wu et al., 2016). Javadpour’s earliest model (Javadpour, 
2009) requires TMAC, which describes the behavior of gas molecules when collided with solid or 
liquid surface compared with perfect mirror-like reflection. Determination of TMAC necessitates 
experimental data or a tremendous amount of computation using molecular dynamic simulations 
(Agrawal & Prabhu, 2008). Also, some models are valid only for Knudsen number less than 1. 
Moreover, these models assume no changes in pore-structure geometry over the life of reservoirs. 
In fact, permeability may change as a result of pore geometry evolution due to effective stress 
(Davies and Davies, 2001; Dong et al., 2010; Moghaddam and Jamiolahmady, 2016; Moghadam 
and Chalaturnyk, 2016). As revealed by Wang and Marongiu-Porcu (2015), an assumption of 
constant pore radius only holds under steady-state flow condition, while shale-gas production 
lifetime is mostly dominated by transient and pseudo-steady state flow regime. In addition, 
some models that attempt to incorporate various transport mechanisms use unreasonable linear 
superposition to account for the contributions of each transfer mechanism (Wu et al., 2014; Wu 
et al., 2015; Wu et al., 2016).
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Abstract. For the last few years, factors that govern global oil prices have altered significantly as 
the real price of oil, in nature, tends to have changes that are hard to predict.  In understanding 
the crude oil prices that vary with time, speculation and the fundamental combination of supply 
and demand determinants are pertinent proxies.  Economic theory states that three restrictions 
needed be held in equilibrium: storage arbitrage, futures contracts and speculation, as well as 
depletion of oil resource.  In terms of demand and supply, the elasticity of supply and demand 
plays an important role in determining oil market price. 
Many factors of supply and demand need to be adjusted as they are not sufficient to explain 
the price fluctuation for the past few years since negative oil shocks in 2014, with the 
unprecedented behavior of price caused by futures markets has been another plausible factor 
to be identified. This paper will review the cause of price changes using the framework adopted 
from (Hamiton, 2008) which assesses the statistical behavior of oil prices and predictions of 
the theory, as well as key features of demand and supply of petroleum. 
Keywords: Prices; Speculation; Supply; Demand; Futures 

Introduction
Energy is one of the important drives of economic activity and quality of life; consumers value 
reliable supply of energy sources at affordable and predictable prices. However, the energy that 
comes from crude oil – of which is still the widely used energy source is prone to a degree of risk 
and uncertainty that translates into fluctuating price signals in the market. 

Several factors are responsible for changes in crude oil prices. Although for the last few years, 
the fundamentals that govern global oil prices have altered significantly as the real price of oil, in 
nature, tends to have changes that are hard to predict.  These factors can be reviewed from the 
statistical behavior of oil prices and relate it to the predictions of theory and key features of the 
demand and supply of petroleum.

In understanding the crude oil prices that vary with time, economic theory has three restrictions 
needed be held in equilibrium: storage arbitrage, futures contracts and speculation, as well as 
depletion of oil resource.  In terms of demand and supply, we note that elasticity of supply and 
demand plays an important role in determining oil market price. Initially, weakened demand from 
countries alike of China and glut in supply due to US shale gas revolution has pushed the crude 
price down. In response to this, OPEC – the international oil cartel – came to an agreement to 
curb production since early 2017. 

Many factors of supply and demand need to be adjusted as they are not sufficient to explain the 
price fluctuation, with the unprecedented behavior of price caused by futures markets has been 
another plausible factor to be identified. Taking speculation into account in the analysis of crude 
price changes, the combination of supply and demand determinants and futures markets is a 
pertinent proxy to understand the oil price.  
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Literature Review
1. Storage returns

The relationship between price in the future (accounting the expectation factor) should be equal to 
price today and the net cost of carrying (interest rate and storage cost). Quoting Hamilton (2009), 
the term can be expressed as follows:

𝐸𝐸𝑡𝑡𝑃𝑃𝑡𝑡+1 = 𝑃𝑃𝑡𝑡 + 𝐶𝐶𝑡𝑡#       (1)

More people are going to buy and possibly store the oil today and sell in the future if inequality 
occurs where next year’s price of oil (denoted by Pt+1) is predicted to be higher. This move is 
undertaken by speculators expecting to make a profit out of such action and kind of purchase is 
going to drive today’s price (Pt) up.

Meanwhile, if future’s price is less than today’s price and storage cost combined, then anyone 
putting oil into storage should expect to lose money. This condition will reduce speculation through 
inventory and incentivize people to sell oil out of inventories today, driving Pt  down and Ct

#  up.

As for the time of low oil prices, mixed responses of the state of crude inventory affect prices 
in short term. Large draw announced by American Petroleum Institute (API) in the third quarter 
of July 2017, for example, created bullish price trend for a few weeks onwards and made oil 
inventories diminished by more than the initially reported draw. 

However, amidst major draw, it is possible that at the same time other means of storage (i.e. 
floating storage in North Sea) hits a high, hence making the price trend bearish. Given these 
capricious changes, supported by the fact that expectations, convenience yield, and risk premia 
are difficult to observe, we can conclude that the implication of equation (1) in oil prices is also 
unpredictable.

2. Futures Markets
In correlation to the explanation on storage returns, there is an alternative strategy to the buying-
and-storing oil. Instead of buying the oil now, buyers can buy oil on a specified date in the future 
at a price they agree with the counterparty today (Ft). The trade in futures markets evokes 
expectation from buyers to make a profit from the difference between today’s price and future’s 
price when Ft < Pt+1. Equilibrium condition (Hamilton 2009) can be achieved when:

𝐹𝐹𝑡𝑡 = 𝐸𝐸𝑡𝑡𝑃𝑃𝑡𝑡+1 + 𝐻𝐻𝑡𝑡#       (2)

where Ht
# is a term that accounts for any risk premium or complications.

Futures contracts carry legally binding obligations. Delivery has to be taken or made at the agreed 
upon date, with the delivery taking place from the next several months up to nine years. Most 
of the time, oil futures contracts are cash settled, but some remain being physically delivered 
contracts.
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3. Scarcity Rent
Oil scarcity rent is the cost of consuming a finite oil resource under the realization that oil is not 
unlimited and if it keeps being extracted, will become unavailable to future generations. Theory of 
Hotelling (1931) states that price of an exhaustible resource should exceed its marginal cost even 
though the market is perfectly competitive. Hotelling’s theory on scarcity rent can be expressed 
as follows:

𝜆𝜆𝑡𝑡 =  𝑃𝑃𝑡𝑡 − 𝑀𝑀𝐶𝐶𝑡𝑡         (3)

where  is scarcity rent, Pt is equal to resource price today, and MCt is the marginal cost today.  

The consequence is that at the time, the price will keep going up in response to interest rate and 
people will prefer storing the oil today and sell it into the future’s more economically favorable 
market. To a more extreme degree, oil reserves are better off in the ground as finite oil resource 
is exhausted because then oil owners are going to have a precious amount of oil to sell due to 
growing need. Hamilton (2008) argues that the Hotelling’s model of scarcity rent is not relevant 
in explaining the sudden sharp fall in oil prices in 2008 because it contradicts the supposedly 
upward predicted trend of its scarcity rent.

4. Role of  Speculation 
Kilian and Murphy (2010) note that oil price shocks can have vastly different affecte on the real 
price of oil depending on the origin of shocks, whether they are driven by demand or supply 
factors. During 1980’s and 1990’s, fundamental changes in demand and supply might cause price 
movements and speculative activity by futures players played rather an insignificant role. 

However, growing flows of investments traded have directly and indirectly affected in the volatility 
of oil prices and Tang and Xiong (2012) reason that the speculative component plays an important 
role in the bullish and bearish trend in oil prices. Several episodes of oil price shocks attributed 
to speculative demand are the run up in real oil price in 2003 and mid-2008, for example, in 
anticipation of declining supplies or stronger economic growth. 

Speculation has a tight correlation with futures price. An increase in spot oil demand can happen 
if futures price increases. Consequently, there will exist what is usually called speculative price 
bubble, where speculators buy spot oil to be sold in the future hoping to make profits out of such 
action. 

Another possible condition that might occur due to speculative price bubble from the producers’ 
point of view is that whenever the crude price is going up, they will likely to pump up production 
as the incentive to do so is higher. Ultimately, this is going to result in a boost of oil stockpiles 
and control through output cuts has to be taken into action. This eventually leads to a hypothesis 
that production cuts are what drives the price up – not speculative price bubble because it only 
sparks supply glut and lowers the market price. To further evaluate possible drivers in regard to 
speculation, fundamental concepts of demand and supply are then required

5. Petroleum Supply
a. Price Elasticity of Supply
Price elasticity of supply is a measurement used in economics to show the responsiveness, 
or elasticity, of the quantity supplied of a good or service to a change in its price.
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When the coefficient is less than one, the supply of the good can be described as 
inelastic; when the coefficient is greater than one, the supply can be described as elastic. 
An elasticity of zero indicates that quantity supplied does not respond to a price change: 
it is “fixed” in supply. Such goods often have no labor component or are not produced, 
limiting the short run prospects of expansion. If the coefficient is exactly one, the good is 
said to be unitary elastic.

The quantity of goods supplied can, in the short term, be different from the amount 
produced, as manufacturers will have stocks which they can build up or run down the 
Price elasticity of supply is determined by the material, the complexity of production, the 
mobility of factors, the time to respond, and spare/excess production capacity. 
For crude oil, normally since the production of oil is complex with rarely excess in 
production cavity, the price elasticity of supply is inelastic. 

b. World Crude Oil Production
World oil production is predicted to have reached the decline by the 21st century according 
to Hubbert Oil Peak  (Hubbert, 1956). With the initial reserves of 1250 billion barrels, by 
the 2010s, world oil production will decline. The challenge of depletion as predicted by 
Hubbert rise the oil price and reaching above $100 per barrel for six consecutive years. 
With the rise of oil price, more oil is produced, better is drilled, and more land is explored. 
The technology was invented and improved to produce oil even from the most complex 
geological problem. 

The United States was one of the pioneers to produce oil from a difficult geological 
formation, which is known as the Tight Oil. The US also decided to produce oil from the 
kerogen stored in the source rock and  known as the Shale oil. The production of both 
of this type of oil increase world production thus creating a rise rather than a decline in 
oil production as shown in figure 2 (IEA Medium Term Oil Market Report, 2014). The 
global production has escalated over the last three years after the rising US innovation 
in exploiting the Tight Oil and Shale Oil. Drop in oil price is inevitable and worsened with 
Saudi Arabia effort to put the US Tight Oil Developer out of business by flooding the 
market with oil, creating a surplus of an average of 3 million barrel of oil per day as shown 
in figure 3 (EIA Annual Energy Outlook, 2016)3. 

The rise of oil production creates the change in the equilibrium of supply demand. In 
order to restore equilibrium, the crude oil prices were dropping to the an average of 
$30 per barrel for nearly 2 years and reached below $30 by February 2016. The low oil 
price killed most of the developers in the US, which lead into a dramatic cut of cost to 
survive in the low oil price as shown in Figure 4 (Oil & Gas U.K. Economic Report, 2016). 
Unconventional oil developers survived the low oil price condition. 

Lowering the cost will result in the lower lifting cost per barrel of Oil. According to the 
wall street journal publication (Figure 5), the US Shale lifting cost for a barrel is about 
$23.35 which proved that the business is still profitable even in the low $30 oil price. 
The number $23.35 is lower than one of the OPEC member production cost, Venezuela, 
which is $27.62. A Further drop in oil price will cause deficit for most of the conventional oil 
industry even for the OPEC country. This may prove that the OPEC Strategy of flooding 
the market with oil in order to regain control of the oil market failed to meet the goal.

Since our options for reducing oil demand in response to rising prices range from 
inconvenient to expensive, to downright painful, it’s clear why the media and politicians 
focus so much attention on the other half of the equation. However, the market manages 
to recover and the price is restored to an equilibrium price of $50. The following section 
will describe factors creating such condition and future condition.



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 303

6. Petroleum Demand
a. Price elasticity
Price elasticity of demand is challenging to measure but appears to be quite low and 
to have decreased in the most recent data. It measures the responsiveness of demand 
to changes in price for petroleum goods. If the price elasticity of demand is equal to 0, 
demand is perfectly inelastic (demand does not change when price changes). Besides, 
when price elasticity of demand equals to one, demand is elastic (the percent change in 
demand is equal to the percent change in price. If the value is higher than one, demand 
is perfectly elastic (demand is affected to a greater degree by changes in price).

Demand responds to other factors besides the current price such as income (determinant 
of demand), previous year’s price, technology, laws, regulations, macroeconomic trends, 
development processes, population size, and levels of urbanization. Besides, demand 
response to a shift in the supply curve brought about exogenous geopolitical events. Other 
possibilities are the falling dollar share of oil costs in total expenditures and substitution 
for non-transportation uses of oil.

b. Income elasticity
Income elasticity of demand measures the percentage change in quantity demanded 
divided by the percentage change in income. It is easier to estimate than price elasticity. 
It measures the responsiveness of the quantity demanded a good to a change in the 
income of people demanding the good. Income elasticity has declined as GDP per person 
has increased and it is confirmed in data from a number of different countries. 

Historical evidence also shows that increasing GDP per capita is associated with 
increasing sectoral oil demand at low per capita income levels. In contrast, expanding 
GDP per capita is associated with stagnant or event declining sectoral oil demand at high 
per capita income levels. 

The combination of an income and price elasticity both below unity accounts for the broad 
trends in the share of oil purchases in total expenditures over time. Price inelasticity 
means that if the price of oil goes up, total expenditures on oil go up. Income inelasticity 
means that as GDP goes up, the share of oil expenditures should fall. 

Methodology
In this paper, we adopt the methodology applied in Hamilton (2008) where we assess the statistics 
of historical data, relate it to the economic theory on price predictions, which then supported 
by the fundamental factors of demand and supply. From this combination of quantitative and 
qualitative methods, conclusions may be able to be drawn from these different perspectives to 
understand the price trends. 

Discussion of  Data and Results

Futures Markets and Speculation Role

Using the data provided by Energy Information Administration (EIA) and averaging the benchmark 
price of WTI and Brent, we construct the graph in Figure 5. From that we can see that oil shocks 
occurred several times along the time path and the most notable ones are shocks in 2008 and late 
2014. To ease the assessment of change in price without omitting the credibility of the data, we 
narrow the time period down from January 2007 to September 2017. The change in price within 
that period of time is illustrated in Figure 6.
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Prices are shown to be very volatile during the circled periods. Price volatility in and of itself is 
caused by many factors, with the portion of speculation and market fundamentals (demand and 
supply) vary with condition. Prediction theory might be able to be used to explain the volatility 
when it is short-lived.

Prior to the downturn in 2008, oil prices went up due to the increasing demand from emerging 
countries while the supply remained constant. This spurred speculators to put their bet high on 
futures prices. The combination of these factors culminated the run-up in the $140/barrel oil price 
level which was then followed by the declining shock. The driving portion, according to Killian and 
Murphy (2009) was more associated with demand shocks, with supply drive played minor role 
and the speculation was just the after-effect keeping the run-up going. As for the decline, global 
recession along with the burst of speculative bubble was the main factor, with dwindling demand 
followed the weakened economy.

In another episode of 2014 downturn, on the supply side, the surge of US shale production and 
increasing supply from Iran created an excess in oil inventories. Meanwhile, demand has been 
going down due to slowing economic growth in countries with major oil consumption in the likes 
of China. Those two premises of supply-demand combined resulted in dramatic price fall. 

OPEC and some non-OPEC countries’ decision to cut their production pushed the price up, albeit 
slowly. This movement of price due to supply shock refuted the inventory-based estimates by 
Kilian and Murphy (2010) stating that negative oil supply shocks have little explanatory power 
for the upward shift in real oil price. Although admittedly, it is arguable that even though cuts by 
OPEC and non-OPEC countries start to show their effect now, it might wane in the future despite 
the extended agreement.  

The rest of price action in the bullish trend during 2016-2017 can be attributed to speculation. 
Feeding on the fundamentals news and rumors, speculators raising their forecasts inflate the 
price bubble. The underlying fear is that history is going to repeat itself when prices were driven 
up back in 2007 to unsustainable levels by speculators and dropped dramatically in 2008 due to 
bubble burst – as anytime now speculative trend may spark false signal for producers to push up 
their outputs, adding glut to inventories which are now still unexhausted. 

Supply Role

The international oil cartel, OPEC, holds a significant role in the controlling the oil supply. OPEC 
oil supply is an important factor that affects oil prices. The organization settles production targets 
for its member. The shale boom in the US resulted in a significant drop in crude oil price. OPEC 
manages to restore oil price by performing production cut. Historically, the crude oil price has seen 
increases in times when OPEC Production targets are reduced. Figure 6 (International Energy 
Statistics , 2017) show that for the past five years, total OPEC Production affects the crude oil 
price. The cartel lead, Saudi Arabia managed to talk with another non-OPEC oil producer to cut 
their production. The OPEC and Non OPEC Production cut result in a rise of Crude oil. Figure 7 
(International Energy Statistics , 2017) show the cut done by OPEC to recover oil price. 

But there are also limits to the ability of oil supply to adjust.  Most OPEC nations, including Saudi 
Arabia, need at least a $100/bbl for oil to keep their budgets in balance, so why would they 
increase production to reduce the price below that?  In fact, as (subsidized and hence inelastic) 
OPEC domestic consumption continues to increase faster than supply, OPEC net exports will 
continue to fall, further raising the price needed to balance exporters’ budgets.
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With increasing crude oil price, the technology to exploit oil has advanced to become more 
complex. High profit drove oil company to produce as much oil as possible and allow production 
of unconventional oil which can not be produced when the oil price is low. The US Shale boom 
created oil oversupply in the market which results in a significant drop in Oil price. Figure 8 
(International Energy Statistics , 2017) shows that the US Shale revolution that increased the US 
Oil Production causes the oil price to drop. The US Rig Count may increase during the process 
of Oil Price restoration effort by OPEC Production cut. However, the growth of the rig productivity 
has slowed. Figure 9 (International Energy Statistics , 2017) shows the plot between of production 
per rig with the increase of rig count. It can be concluded that for the crude oil price of $50 
average, the US Oil Production is expected to stay at the point. 

While fiscal issues constrain OPEC’s elasticity of supply, geology and politics constrain oil supply 
elsewhere.  Brazil’s giant pre-salt fields, like deepwater discoveries in the Gulf of Mexico and 
elsewhere, are much more expensive and slow to develop than were past discoveries.  Canada’s 
tar sands are large mining operations, and are similarly slow and expensive to develop. At the 
moment, the other undeveloped unconventional and difficult oil will be unlikely to be produced 
profitably. Thus, undeveloped unconventional hydrocarbon will cause a little effect in the supply 
of oil. 

Demand Role

Some factors that affect oil demand are GDP per capita, oil price, and substitute of oil. In this 
paper, three graphs are reproduced from the graph presented Hamilton and additionally, three 
countries are under the assessment: US, China, and Indonesia.  The first two countries are taken 
as samples due to their major consumption of oil which practically means that those countries’ 
demand is what affects the world oil demand significantly. As for Indonesia, this country is 
presented as a representative of the in-between countries – where oil demand is quite high but 
not as high as the US and China’s ones.

Figure 10 illustrates the relationship between GDP per capita and oil consumption in the US. From 
that graph, it is shown that increasing GDP over the time causes a long-run trend of increasing 
oil use. The exception occurs between 2009-2010 where US real GDP decreased although the 
consumption still increased. This was weighed down by an ugly first quarter that most ultimately 
attributed to severe winter weather. 

Figure 11 illustrates the relationship between GDP per capita and oil consumption in China. A 
long-run trend of increasing oil use is also indicated as GDP increases over time. Thus, it is fair 
to be assumed that the relationship between oil consumption and GDP per capita in China is 
directly proportional. This is mainly because energy demand notably rises as the population of 
China grows.

Figure 12 illustrates the relationship between GDP per capita and oil consumption in Indonesia. 
The graph also shows a long-run trend of increasing oil use as increasing GDP over time. Although 
it should be highlighted that unlike China, the increase trend in oil consumption is a little bit slower 
between 2008-2010 period and continues to significant increment between 2010-2011. 

Compared to another developed country (US and China), Indonesia as developing country is one 
of the examples that in low per capita income levels, increasing GDP per capita is associated 
with increasing sectoral oil demand and the increment is quite significant. This trend is caused by 
many developing countries continuing to industrialize and develop their infrastructure in order to 
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support demand growth. Whereas it is a different case in the US, which as a developed country, 
expanding GDP per capita is associated with stagnant or even declining sectoral oil demand, 
provided by the insignificant increase and ends up being a bullish trend (Figure 10).

Figure 13 shows US oil expenditures as a fraction of GDP fluctuate when price decline and 
growing GDP occurred during 2008-2009, then began to increase until 2011 and continued to 
decline again for the next few years until 2016. Figure 14 shows Indonesia oil expenditures, 
as a fraction of GDP, tend to decline every year without any significant increment. Figure 15 
establishes that for a group of 11 countries, in 2016, the poorer the country was, the faster its 
growth in oil demand over the last half of the twentieth century.

Although the US and Europe still account for almost half of all the oil used globally, these areas 
account for less than 1/5 of the increase in world consumption between 2003 and 2006 (World 
Petroleum Consumption, Most Recent Annual Estimates 1980 - 2007, 2007). Instead, the 
growth coming from the rapidly growing countries and oil exporter, China alone accounts for 
33% of the world consumption. Figure 16 shows that China’s demand grew at a phenomenal 
annual logarithmic rate between 1980 and 2015. If that trend continues, by 2025 China would be 
consuming 25 million barrels per day and by 2035 would be consuming 46 million barrels per day. 
This large amount of oil consumption will affect the global oil price. 

The demand projection trend will increase with time if the only source of energy in China is from 
fossil. But if there are other sources of energy such as coal, natural gas, or other renewable 
energy, China’s demand will likely not follow the trend presented in the graph, which will directly 
affect the oil price worldwide too.

From Figure 17, it can be seen that fossil fuel has been the dominant energy source since 1970 
and made up 43% of total energy demand while coal and natural gas were only at 27% and 
15% respectively. However, by 2013, these figures had shifted somewhat. Figure 19 shows that 
the share of natural gas had increased to 22% while oil had dropped to 32% and coal remained 
roughly constant over the period.

Alternative fuels are gaining share although traditional fossil fuels have remained as the primary 
energy source. With the advancement in technology and discovery of other sustainable alternatives 
to traditional fossil fuels, alternative energy sources will emerge. These include shale, nuclear, 
hydropower, coal, biomass and other renewables such as geothermal, which have evolved and 
emerged as viable substitutes for fossil fuel, increasing their share in global energy consumption. 
The increase of oil substitutes will decrease demand for oil and consequently lower the oil price. 

Conclusion
Change in oil prices is affected by both speculative and fundamental factors. In the latest episode 
of 2014’s oil shock which has prolonged impact to the downturn of oil price, the fundamental 
causes are rather different from the previous shocks ever known in history. Negative oil supply 
due to production cuts sparks speculation, which inflates the price bubble of recent oil prices, 
with the bullish trend being attributed to this speculative demand. Although it should be noted that 
speculative trend may induce false signal for producers to push up their outputs, adding glut to 
stockpiles which are now still yet to be exhausted. 

Fundamentally, there are several factors affecting oil prices from demand sides such as income 
(GDP per capita) and oil substitutes. If the GDP per capita of a country increases, the oil 
consumption will correspond to the increase in developing countries, meanwhile it tends to be 
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stagnant in developed countries. This increase in oil consumption will then push up the crude 
price. As for substitutes i.e. natural gas or other renewable energy, the demand for oil will slowly 
decrease and it will decrease the oil price. Currently, the consumption of natural gas and other 
renewable energy increases gradually year by year. If we assume that the consumption follows 
the trend, then this means the future oil price will likely decrease.

From the supply side, the amount of oil produced will affect the crude oil price. Oversupply or 
surplus will  create change in output production hence a lower oil price is needed to restore 
equilibrium. Conversely, the scarcity of oil will need a higher oil price to restore equilibrium. 
Nowadays, with the effort of OPEC and some of the non OPEC countries to cut production, the 
crude oil price will be likely to have a higher price in the future. However, with higher price, US tight 
oil and shale gas production is going to increase thus lowering the crude price again. This means 
that the future oil price will be less likely to meet a shock in decrease or increase. Consequently, 
this means the oil price will tend to remain stagnant at the average of level $50-$60s per barrel. 
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Appendix

Figure 1. King Hubbert’s Peak Oil

Figure 2. Incremental Rest of World and US Shale Oil (January 2001 - October 2013) 
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Figure 3. OPEC Surplus Crude Oil Production Capacity
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Figure 9. Growth in Total Shale Oil Production per Rig
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Figure 15. GDP per capita and growth in petroleum demand in 2016

Figure 16. Historical China Oil Consumption and Projection of Trend
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Figure 17. Global Energy Mix by Fuel Type, 1970-2040 (World Oil Outlook 2015, 2015)

 

Figure 18. World Oil Outlook, 2015, Organization of Petroleum Exporting Countries Table 1.5 
(World Oil Outlook 2015, 2015)
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Abstract. This paper will analyze public policy regarding the provision of electricity through 
the use of renewable energy which regulated by regulation number 50/2017 by Minister of 
Energy and Mineral Resources as the changes of regulation number 12/2017 and 43/2017. 
The prime concern of electricity issues in Indonesia is the high demand that not offset by 
its fulfillment and the high production cost. Based on electricity statistic by Directorate 
General of Electricity, there is 1.815 of 82.190 regions in Indonesia have not able to access 
electricity. Because it is one of the primary elements that becoming society’s primary needs, 
Indonesia as a welfare state should put more attention regarding of this issue. The fulfillment 
of electricity’s demand will give an impact to the society’s welfare. Moreover, based on data 
by The Ministry of Energy and Mineral Resources, Indonesia will become vulnerable to the 
energy crisis, specifically if the government failed to implement the national policy accurately. 
The regulation number 50/2017 is expected to be the answer for current issues. In particular, 
this paper analyzes policies regarding cap of local production cost that tend to unfairly give 
disadvantages the investors. This matter might be obstructing the development of renewable 
energy power plants, which contradict with National Energy Policy. As the issue arises, tax 
incentives need to be implemented as the solution to the problem

1. Introduction
The development of energy resources holds major importance in the growth of a country. The 
development of energy resources will affect country’s economic growth, government’s goals 
furthermore will affect the welfare of the society. Indonesia as welfare state should ensure the 
welfare of the society. The concept of welfare state is how a country ensures security, tranquility 
and the welfare itself which need to be ensured in the constitution that the country will ensure 
and achieve the welfare of society. Since decades ago, electricity has become a primary needs. 
In daily life, people need electricity to run activities. Electricity takes a big part of people’s life. By 
government try to fulfill primary needs of society, have cultivated to ensure the welfare of society.

Alongside with rapid economic growth, population pressures are adding to energy demand. 
Indonesia ranked as the 4th country with the biggest population, with a total population reached 
over 262 million people. With a large amount of population causing a high electricity demand. 
Unfortunately, not everyone could have access to electricity. In 2014, Director General of 
Electricity of Indonesia had recorded that 50 million people that spread across 34 provinces in 
Indonesia have not been able to access electricity. It becomes one of greatest concern, Indonesia 
now targeted to build 35 GW in order to fulfill energy demand. This target can not be achieved if 
Government does not expand renewable energy development. Based on how most of the aspects 
in a country affected by energy demand is fulfilled, energy becomes a strategic commodity for a 
country to achieve welfare. 

As listed below, there is data of regions in 34 provinces which have not been able to access 
electricity.1

1 Statistic of electricity by Directorate General of Electricit
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Table 1. Table of Electricity Access in Every Region in Indonesia

Number Province Total of 
Regions (2014)

Total of regions that able to access 
electricity (December 2014)

        Region                         %

1 Aceh 6.512 6.501 99,83

2 North Sumatera 6.104 6.068 99,41

3 West Sumatera 1.145 1.143 99,83

4 Riau 1.835 1.834 99,95

5 Riau Islands 415 415 100,00

6 South Sumatera 3.237 3.237 100,00

7 Jambi 1.551 1.548 99,81

8 Bengkulu 1.532 1.525 99,54

9 Bangka Belitung 381 381 100,00

10 Lampung 2.632 2.632 100,00

11 DKI Jakarta 267 267 100,00

12 Banten 1.551 1.551 100,00

13 West Java 5.962 5.962 100,00

14 Central Java 8.578 8.578 100,00

15 Special Province of 
Yogyakarta

438 438 100,00

16 East Java 8.502 8.502 100,00

17 Bali 716 716 100,00

18 West Nusa Tenggara 1.141 1.138 99,74

19 East Nusa Tenggara 3.270 3.250 99,39

20 West Kalimantan 2.109 2.095 99,34

21 Central Kalimantan 1.569 1.568 99,94

22 South Kalimantan 2.008 2.002 99,70

23 East Kalimantan 1.026 1.026 100,00

24 North Kalimantan 479 472 98,54

25 North Sulawesi 1.836 1.836 100,00

26 Central Sulawesi 1.986 1.985 99,95

27 South Sulawesi 3.030 3.028 99,93

28 Southeast Sulawesi 2.272 2.261 99,52

29 West Sulawesi 648 647 99,85

30 Gorontalo 736 736 100,00

31 Maluku 1.088 1.076 98,90

32 North Maluku 1.196 1.195 99,92

33 West Papua 1.567 1.405 89,66

34 Papua 4.871 3.357 68,92

Total 82.190 80.375 97,79
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Based on the 2016 RUPTL, by 2025 Indonesia needs an additional distribution capacity of 
approximately 159,100 km circuits and 133,200 km circuits for medium and low voltage networks, 
as well as 44,000 MVA of additional distribution transformer capacity, but on the other side, if the 
issue has not been solved, by 2025, Indonesia has been predicted will become vulnerable to the 
energy crisis.

An energy crisis is a struggle to maintain a steady and continuous supply of energy resources 
without cutting, short of their supply and or even completely exhausting them in the process of 
exploring, exploiting, transforming and utilizing them for the achievement of socio-economic goals. 
The energy crisis could be seen as alteration of energy balance in the general circulatory system 
arising from decrease or increase in energy demand with attendant economic and environmental 
impact.2

In purpose to answer the problem, the paper will begin with the explanation of the main issue of 
electricity in Indonesia. Based on research, there is two main issue of electricity: the high demand 
that not offset by its fulfillment and the high production cost because of the dependence on fossil 
energy. After that, this section will discuss the importance of renewable energy as a fulfillment 
of electricity for the welfare of people in Indonesia. This section will also explain Indonesia 
as a welfare state. Furthermore, this paper will analyze the main issue on renewable energy 
regulation (regulation number 50/2017 by Minister of Energy and Mineral Resources on the Use 
of Renewable Energy for the Provision of Electricity) which will be solved by the implementation 
of a tax incentive. In purpose to discuss the tax incentive, there will be a comparison related to 
the implementation of tax incentive in other countries. The issues described might easily lead to 
the conclusion that implementation of tax incentive could be the best answer for the success of 
renewable energy power plant project.

2. Renewable Energy
Indonesia is a big country which has abundant natural resources that suitable for power 
generating feedstock. Indonesia natural resources are especially in the form of coal, natural gas, 
geothermal, and hydro-based energy. With abundant of natural resources, unfortunately, the 
majority of resources that were used to generate electricity is largely coal and oil-fired which are 
non-renewable energy. In the current condition, Indonesia energy source is dominated by non-
renewable energy such as oil fuel, coal, and natural gas. Oil reserve in 2013 was 3.7, production or 
drilling of 882 thousand barrels per day, refining to 1.072 million barrels per day and composition 
of 1.623 million barrels per day. Since 2011 until 2014 the price of oil has reached $100 per barrel. 
In accordance with the ratio of deposit relative to production. In six years it was predicted that the 
oil deposit would use up if the new energy resources are not found, the consumption rate is not 
suppressed or to replace it with alternative energy, we will indeed face the energy crisis.

Indonesia is one of the world’s fastest-growing countries in terms of energy consumption. This is 
caused by rapid economic development, increasing number of urbanization and steady population 
growth. Based on research done by IRENA, Indonesia is the largest country energy user in the 
Association of Southeast Asian Nations (ASEAN), accounting for close to 40% of total energy use 
among ASEAN members. Between 2000 and 2014, energy consumption in Indonesia increased 
by nearly 65%. In a business-as-usual outlook, it is set to grow another 80% by 2030. Indonesia 
is therefore crucial to a renewable energy transition for the region as a whole.3

2 Mbalisi Onyeka Festus and Offor Beatrice Ogoegbunam, “Energy Crisis and Its Effect on National Development: 
The Need for Environmental Education in Nigeria”, British Journal of Education, Vol. 3 (February 2015), page 26.
3 IRENA, “Renewable Energy Prospects: Indonesia”, IRENA (March 2017), page 1.
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Indonesia aims to achieve 23% renewable energy use by 2025, and 31% by 2050. Based on 
the Draft National Electricity General Plan 2015-2034 formed by Ministry of Energy and Mineral 
Resources, pointed out specific targets for various renewable energy by 2025. It was stated in 
Jurnal Energi 2nd Edition 2016 that was released by Ministry of Energy and Mineral Resources, 
The total amount of renewable energy installed by 2025 is targeted to be 45 GW.4 Hydropower 
represents the largest share, with 21 GW installed, followed by the geothermal power which 
target of 7,1 GW by 2025, solar 6,4 GW, bioenergy power 5,5 GW, ocean power 3,1 GW, and 
wind 1,8 GW.5

Development of renewable energy become one of the global concern, it has become one of the 
ways to also mitigate climate change. This leads to the urgency for Indonesia to develop the 
renewable energy sector, it becomes one of the concerns post the ratification of Paris Agreement. 
This convention aims to reduce 2 degrees of earth temperature.  One of energy expert, Fabby 
Tumiwa, stated that in order to achieve 2 degrees target, Indonesia needs to accelerate in 
three important matters which are, renewable energy, energy efficiency, and improvement of 
the efficiency of fossil fuel power plants6. Renewable energy considered will provide substantial 
benefits for our climate. According to data by the International Panel on Climate Change, life cycle 
global warming emission that associated with renewable energy is minimal.7    Transformation of 
energy sectors is also supported sustainable development that has becomes a global commitment. 
People believe this energy transformation believes will become a solution, considering renewable 
energy is unlimited, as supplies are continually replenished through natural processes.  

However, despite this current optimism and understanding of global commitment to encourage 
the development of renewable energy, the industry especially the investor is very cautious about 
renewables growth targets. Given the GoI’s aim that by 2025 renewable power should represent 
at least 23% of the energy mix, the probability of such a scenario being realized may reflect the 
view that PLN is still focused on profit first-and-foremost. The interests of the Ministry of State 
Owned Enterprise as the shareholder are not always aligned with Ministry of Energy and Mineral 
Resources interests as the energy regulator. Reconciling this conflict would likely be helped by 
greater state budget allocation to incentivize investment in renewables. This may not be realistic 
in the near future with the current political environment and prevailing budget deficit.  

The world currently gets about 80% of its energy supplies from fossil fuels because these sources 
generally provide energy at the lowest cost. However, the cost advantage of fossil fuels over 
renewable energy sources has been decreasing in recent years, and certain renewables can 
already compete with fossil fuels solely on financial terms. Renewable energy costs are expected 
to decline further in the future, while fossil fuel prices will likely rise. Thus even without policies to 
promote a transition toward renewables, economic factors are currently moving us in that direction

3. Issues on Government Regulation Number 50 of  2017
The government recognizes the urgency to develop renewable energy in order to fulfill the 
demand of energy itself. The government announced National Energy Policy through Government 
Regulation Number 79 of 2014. Based on this regulation, the government tried to shift to developing 
renewable energy. The target of renewable energy based on the regulation is 17% by 2020 and 
23% by 2025.In August 2017, it was announced that Ministry of Energy and Mineral Resources 
4  Ministry of Energy and Mineral Resources, “Mengarusutamakan EBT Sebagai Energi Masa Depan”, Jurnal 
Energi Media Komunikasi Kementerian Energi dan Sumber Daya Mineral (2016), page 10
5 IRENA, Renewable Energy Prospects, page 11.
6 Ministry of Energy and Mineral Resources, “Mengarusutamakan EBT”, page 31
7 Intergovernmental Panel on Climate Change (IPCC). IPCC Special Report on Renewable Energy Sources and 
Climate Change Mitigation (Cambridge: Cambridge University Press, 2011), Chapter 9.
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had issued the newest feed-in tariff policy regime for renewable energy. This new feed-in tariff 
regulates in Minister Decree No.50 of 2017, as the changes of the regulation number 12/2017 and 
43/2017, regulates all renewable energy types and claimed that sets price based on negotiations 
between Independent Power Producers and PLN. What should be paid attention in  Minister 
Decree Number  50 of 2017, it sets a feed-in tariff for projects in a region that range from 85% up 
to the equal cost of that region’s PLN production cost. Which in the perspective of investors bring 
up some issues, based on research which is conduct by PWC, hereby are the issues:8

1. Matching 85% off Matching 85% of BPP costs in many Provinces, especially in 
Java and Sumatera, may be hard for renewable energy technologies at first. It was 
perceived that this was a cost-cutting measure and there is now “nothing to encourage 
renewable energy investment in these areas.”

2. The new penalty regime for Take-or-Pay, while “not necessarily unfair” will lead to a 
new perspective on risk allocation. These risks may be priced into bid tariffs.

3. There are various problems with the BPP formula that discourage good economic 
decision-making, for example, it is an average cost, not a marginal cost. Also, in some 
Provinces, there may be a ‘knife edge’ effect, where Provinces close to the National 
BPP are 15% apart in terms of procurement benchmark prices if one Province is 
slightly over and one slightly under (or where the same Province has different BPPs 
in different years).  

4. Some of the provisions around risk allocation may have PPA bankability implications 
(e.g., extending the PPA tenor to compensate for short-term PLN inability to take 
power does not address lender potential concerns about who is paying debt service 
in the meantime). 

5. APLSI welcomes the use of local content (“TKDN”) in projects but notes that skilled 
Indonesian engineers are not easy to find for every technology. It is important for the 
industry to double up their efforts on training engineers, but also for the GoI to be 
realistic on current availability. 

6. Will this be final? With many changes for Coal Mine Mouth and Solar PV in the past 
two years, many investors are asking for certainty in regulation.

As Indonesia intends to expand investment in the power sector, affordability is coming under 
strain. One of the most important perceived pressures on affordability stems from electricity 
sector regulations and obligations. For a long period, many policymakers have been striving to 
implement tariff levels that reflect the true costs of producing electricity. However, there remains 
a gap between the cost of production and the average retail tariff. In fact, many production costs 
cannot be covered by a feed-in tariff that has been set by the regulation.  This issue caused by 
electricity tariffs typically derive from a political bargain between the legislative and the executive 
branches of the Government, rather than the decision of an objective, independent regulator. In 
practice, Indonesia’s electricity tariffs are fixed by considering each customer group’s installed 
power capacity. The higher the installed power the higher the tariff will be imposed. Also, the 
higher the electricity consumption than the higher the multiplier used for determining the tariff, 
in order to encourage customers to use electricity wisely. Different tariffs are subject to different 
subsidy arrangements; for example, small household tariffs are heavily subsidized; Rp.319/kWh 
represents a price more than four times lower than the average generation cost of Rp.1,350/ kWh 
in 2015. Throughout the years, PLN has been remunerated from the state budget by a subsidy, 
should the regulated price for electricity fall below its cost of production. And the question will be 
what is the benefit that investor will gain by investing in a renewable energy power plants project?

4. Tax Incentives
Tax incentives is a special exclusion, exemptions, or deductions that provide special credits, 

8 PWC, “Powering the Nation: Indonesia Power Industry Survey 2017”, PWC, (November 2016), page 12.
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preferential tax rates on deferral of tax liability.9 Tax incentives can be grouped into a number of 
categories: tax holidays, investment allowances and tax credits, timing difference, reduced tax 
rates and free economic zones.10

4.1 Tax Holidays
Tax Holidays are a common form of tax incentives used by developing countries and countries 
with economies in transition to attract Foreign Direct Investment. Under a tax holiday, qualifying 
“newly established firms” are exempt from paying corporate income tax for a specified time 
period.11  By getting tax holiday, the company will get a certain period that makes they are free 
from the obligation to pay tax.

4.2 Investment Allowances and Tax Credits.
As an alternative, or sometimes in addition, to tax holidays, some governments provide investment 
allowances or credits. These are given in addition to the normal depreciation allowances, with the 
result that the investor may be able to write off an amount that is greater than the cost of the 
investment. An investment allowance reduces taxable income, whereas an investment tax credit 
is set against the tax payable; thus, with a corporate income tax rate of 40 percent, an investment 
allowance of 50 percent of the amount invested equates to an investment credit of 20 percent of 
that amount.12

4. 3 Timing Differences.
Timing differences is an incentive that is caused by a difference of recognition time in a certain 
account of commercial financial statements with tax financial statements in terms of cost 
recognition and income recognition.

4.4 Reduced Tax Rates 
Reduced tax rates is an incentive by giving tax tariff which charged to the taxpayer with certain 
criteria based on a certain percentage or certain tariff rates to lower tariff rates. These reductions 
differ from tax holidays because the tax liability of firms is not entirely eliminated, the benefit is 
extended beyond new enterprises to include income from existing operations, and the benefit is 
not time-limited.13

4.5 Free Economic Zones
Countries use two types of special “zones” to attract investment: (i) duty- free zones, enjoying 
exemption from customs duties (and usually from VAT); and (ii) special economic zones, in which 
investors enjoy other tax privileges not granted in other parts of the host country. Duty-free zones 
and export processing zones (EPZs) are intended to facilitate the transshipment of goods, and 
the processing of imported materials or components for export. By contrast, special economic 
zones are intended to promote economic activity within a designated area and are not restricted 
to exporting.14

As reported by United Nations in United Nations Conference on Trade and Development, tax 
incentives have four objectives. First, regional investment. Regional investment is to provide 
9 Alex Easson and Erick M. Zolt, “Tax Incentives”, World Bank Institute, page 3
10 David Holland and Richard J. Vann, “Income Tax Incentives for Investment”, International Monetary Fund, 
Volume 2 (1998), page 4.
11 United Nations, “Tax Incentives and Foreign Direct Investment: A Global Survey”, UNCTAD, No. 16 (2000), 
page 19.
12 Easson and Zolt, Tax Incentives, page 20.
13 Holland and Vann, “Income Tax Incentives for Investment, page 9.
14 Easson and Zolt, Tax Incentives, page 24.
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support for urban development and urban development industry area in purpose to reduce 
the percentage of urbanization and decreased the environmental damage. Second, Sectoral 
Investment. Tax incentives in sectoral investment addressed to stimulate the development 
of industry, manufacture, tourism, or exploration of mineral reserves. Third, Performance 
enhancement to cultivated making an export orientation industry area. The last is a transfer of 
technology. A Tax incentive is given to industries that have a concern in research to stimulate 
the transfer of technology. Based on that, could be concluded that tax incentives are given for 
purposes of increasing investment or capital investment.

Tax incentives have been implemented in many countries and have been successful. India is one 
of the countries that have been successful in implemented and provided tax incentives. In his 
article, Eddy said India has a direct and indirect tax incentives regulation. Direct incentives include 
super deduction of 100 percent of the cost of revenue and capital cost (Except land acquisition 
cost), accelerated depreciation, and weight reduction of 200 percent of the cost of research 
and development that conducted within the company and weight deduction of contribution for 
researcher association, university, or the other institution that has a concern in research. A Non-
direct investment includes incentives for research and development that concluded within the 
company, incentives for research and development that concluded as a job collaborative, and 
incentives for research and development that concluded for other parties.15

As recorded by Firstpost in their news Budget 2016: Tax incentives vital for success of Make in 
India and other initiatives said that India has earned over 7 percent growth in 2015-2016 and 
India’s macroeconomic fundamentals remain stable even though there is a prediction of weak 
global growth, the slowdown of the Chinese economy and the continued uncertainty in global 
crude oil prices. Tax incentives take a really big part of India’s economic stability because tax 
incentives attract investors and are vital to the success of several initiatives in India.

Indonesia already had several regulations towards tax incentives, such as Government Regulation 
Number 1 of 2007, Government Regulation number 62 of 2009, and Government Regulation 
Number 52 of 2011. On that regulation, there are 129 sectors that could get a facility of income 
tax named tax incentives. One of that sector is a power plant.16

On article 2 (1) of government regulation number 52 of 2017 said that one of the tax incentives 
that will be given is a reduced tax rate of the amount of nett income of 30% (thirty percent) of 
the amount of Investment, is charged for 6 (six) years with each of 5% (five percent) per annum. 
But, the taxpayer has to objectify capital investment scheme 80% least of all. Unfortunately, 
even though tax incentives has been regulated by the government, it is not attractive enough for 
investors.

Most importantly, tax incentives that had been regulated are not enough to cover investor’s 
loss or could not be enough to make investors gain profit. Based on Government Regulation 
Number 50/2017 by Ministry of Energy and Mineral Resources, which states the purchase price 
on Local  BPP projects that are above national BPP projects, then the purchase price will be 85% 
of local BPP projects. And if local BPP projects are equal or below national BPP projects, then the 
purchase priced will be based on local BPP projects. Hereby listed BPP costs in 34 provinces that 
regulated in Minister Decree of Energy and Mineral Resources Number 1404 K.20/MEN/2017:

15 Eddy Mayor Putra Sitepu, “Insentif Pajak dan Dukungan Fiskal Untuk Mendukung Inovasi dan Kemajuan 
Teknologi: Sebuah Studi Komparatif”, Warta KIML (12:2, 2014), page 156-158
16 See attachment number 1 of government regulations number 52 of 2017
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Table 2. BPP Cost in 34 Provinces

No. Area/Distribution/System/Subsystem BPP/kWh (Rp) BPP/kWh (cent US$/kWh)

1. Sumatera 1.194 8.94

A. North Areas of Sumatera

1. Aceh 1.383 10.39

a. Weh Island 1.733 13.02

b. Simeuleu Island 1.817 13.65

2. North of Sumatera 1.235 9.28

Nias 2.049 15.40

B. North and South Areas of Sumatera

1. West of Sumatera 1.074 8.07

The Mentawai Islands 2.096 15.75

2. Riau and Riau Islands 1.349 10.14

a. Bintan 1.583 11.90

b. Tanjung Balai Karimun 1.706 12.82

c. Natuna 2.089 15.70

d. Anambas 2.149 16.15

3. South of Sumatera, Jambi, Bengkulu 1.046 7.86

4. Lampung 1.034 7.77

C. Bangka 1.817 13.66

D. Belitung 1.619 12.17

E. Subsystem of the Other Small Islands 2.096 15.75

II Java Bali 868 6.82

A. Jakarta 867 6.81

Thousand Island (Non-connection Cable Java 
Bali Sea)

2.322 17.52

B. Banten 866 6.51

Pulau Panjang 2.322 17.52

C. West of Java 866 6.51

D. Central Java 868 6.52

Karimun Jawa 2.322 17.52

E. East of Java 870 6.54

1. Madura Isolated 2.322 17.52

2. Bawean 1.964 14.76

3. Gili Ketapang 2.322 17.52

F. Bali 881 6.62

III Kalimantan 1.373 10.31

A. West of Kalimantan 1.655 12.43

B. South of Kalimantan and Central of 
Kalimantan

1.203 9.04

C. East of Kalimantan and North of 
Kalimantan

1.357 10.20
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D. The other small subsystem 2.322 17.52

IV Sulawesi and Nusa Tenggara 1.421 10.66

North of Sumatera, Central of Sumatera, and 
Gorontalo

1.696 12.75

1. North Areas of Sulawesi 1.669 12.54

2. Toli-Toli 2.026 15.22

3. Tahuna 2.332 17.52

4. Palu 1.016 7.63

5. Luwuk 1.759 13.22

B. South of Sulawesi, Southeast of Sulawesi, 
and West of Sulawesi

1.076 8.10

1. South Areas of Sulawesi 1.016 7.63

2. Kendari 1.801 13.53

3. Bau-Bau 2.137 16.06

4. Selayar 2.114 15.88

C. West of Nusa Tenggara 1.821 13.68

1. Bima 1.880 14.12

2. Lombok 1.629 12.24

3. Sumbawa 1.978 14.87

D. East of Nusa Tenggara 2.332 17.52

1. Sumba 1.887 14.18

2. Timor 2.226 16.73

3. West of Flores 1.751 13.16

4. East of Flores 2.070 15.55

E. The Other Small Subsystem 2.070 15.55

V. Malaku and Papua 2.008 15.09

A. Maluku and North of Maluku 2.305 17.32

1. Ambon 1.680 12.62

2. Seram 2.330 17.51

3. Saparua 1.626 12.22

4. Buru 1.726 12.98

5. Ternate-Tidore 1.971 14.81

6. Snana 1.811 13.61

7. Bacan 1.811 13.61

8. Halmahera (Tobelo, Malifut, Jailolo, Sofifi, 
Maba)

1.685 12.67

9. Daruba 1.587 11.93

10. Tual 1.657 12.45

11. Dobo 2.063 15.50

12. Saumlaku 1.6868 12.67

B. Papua and West of Papua 1.802 13.54

1. Jayapura 1.959 14.72

2. Sarmi 2.322 17.52
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3. Biak 1.753 13.17

4. Serui 1.778 13.36

5. Nabire 1.604 12.06

6. Wamena 2.332 17.52

7. Timika 1.786 13.42

8. Merauke 1.704 12.80

9. Tanah Merah 1.704 12.80

10. Manokwari 1.760 13.23

11. Sorong 1.305 9.81

12. Teminabuan 2.332 17.52

13 Fak Fak 2.332 17.52

14. Kaimana 2.332 17.52

15.Bintuni 2.332 17.52

16. Raja Ampat 2.332 17.52

C. The Other Small Subsystem 2.332. 17.52

BPP National 983 7.89

Based on data above, can be concluded that the price will be so unfair for the investor in a 
hinterland area whereas those are regions that have not been able to access electricity, so those 
really need a renewable power plant. Tax incentives will not be able to cover investors’ loss. For 
example, a power plant in Raja Ampat from investor X have BPP cost of 2.000/kWh (Rp). if it is 
above the BPP National, PLN will buy with the price of 85% BPP local cost which is 2.332 (based 
on data above).

Purchase Price of Electricity Investor X = BPP Local Cost Raja Ampat x 85%

     = Rp 2.332 x 85%

     = Rp 1.982,2 / kWh

Based on the example, we can conclude that giving tax incentives 5% a year for 6 years will not be 
enough to make profits for the investor. When the business failed to gain profit, renewable power 
plant project will not be promising enough for the investor to invest their money in the business. 

5. Conclusion
Government Regulation Number 50 of 2017 by Ministry of Energy and Mineral Resource which 
regulate regarding Feed-in Tariff for renewable energy emerge some issues for the investors. Feed 
in Tariff that was stated in the regulation in some case failed to cover up the whole production cost 
of the project which leads to no gaining any profit or even worse will cause a deficit in the project. 
When the business risk is too high, the business becomes less “appetizing” for the investors. 
While there is urgency for Indonesia to expand the development of renewable energy power plant 
in order to fulfill electricity demand and prevent energy crisis by 2025. The government needs to 
take action to boost up investor’s interest in the business which what we propose is by giving tax 
incentives to investors that invest in the renewable energy power plant project.
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Abstract. Indonesia, an active producer of oil and gas, has experienced a couple of oil prices 
peaks. The market responded positively when oil price increased in 1971-1985 as shown in 
the rising exploration activity. Contrary, that trend did not happen when the oil price rose in 
2001-2014. The oil and gas discovery data, fiscal and regulatory history, and also financial 
reports are used to obtain the relationship among the elements that may explain why the 
difference occurred.
The geological factor acted as a trigger of the investment in oil and gas industry. In the 1970s, 
several giant fields were discovered in Indonesia, such as Attaka, Minas, and Natuna D Alpha. 
These discoveries had escalated the oil and gas investment as shown in the rising number 
of drilling, up to 2500 exploration wells. Meanwhile, there was no significant discovery during 
the second peak as there were only half exploration wells of the first period. In addition, the 
opening of the geological data also contributed to increasing activity.
Oil prices is an essential thing in the oil and gas investment and the government is responsible 
for keeping the continuity of the industry. During the low prices period, the government could 
implement fiscal relaxation to boost exploration. Conversely, when prices are high, fiscal 
tightening would require to maximizing the benefit.
The length of the bureaucracy chain tends to decrease the investment. A gap in the budget 
and the realization may indicate the barriers to regulation. The gap averaged around 0.21% 
in the first period while the number increased to 24% in the second peak. That difference may 
indicate the problem in bureaucracy.
As a summary, providing incentives, opening the geological data, the updating of new 
exploration targets and simplifying the regulation are the key to maintain and increase the 
investment in oil and gas sector.
Keywords: Energy; Indonesia; Investment; Oil and Gas

Introduction
Oil and gas are still the main sources of energy consumed by humans. As much as 55.9% of 
the world’s energy today comes from the fossil energy (Figure-1). Therefore, maintaining the 
sustainability of the oil and gas industry means taking care of the sustainability of human’s need.

Indonesia, one of the countries that actively produces hydrocarbons has started upstream oil 
and gas activities since the Dutch East Indies colonial era. The first drilling of the exploration 
well, Maja-1, located in Majalengka in 1871 marks the date that Indonesia starts joining the oil 
and gas industry. Indonesia has experienced a fluctuation in the oil and gas industry. The ups 
and downs of oil and gas investment are influenced by many factors that must be concerned 
by the Government in order to maintain the sustainability of the oil and gas industry. Indonesia 
has conducted a lot of efforts by issuing policies to maintain the sustainability of the oil and gas 
industry. One of the most well-known those policies is the Production Sharing Contract (PSC) 
which is now widely embraced by other countries in the world. A total of 84 countries (42%) of 
world’s oil and gas contracts use the PSC as their fiscal regime. 
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Figure 1. Oil and gas, the main sources of energy consumed by humans (IEA, 2017)

In recent years, the price of oil has dropped dramatically while it was previously at the highest 
level. Oil prices have reached its peak in 2008 at US$ 140/barrel. At that time, the skyrocketing 
prices of oil and gas caused by the high demand for oil consumption rather than supply.

The price of oil is currently at US$ 56.15/barrel, slightly better than its base position at US$ 30.7/
barrel in January 2016. This current declining trend of oil price is affected by the abundant supply 
of oil and gas. The abundance of oil and gas is caused by many factors. The giant discovery of 
the shale gas in the United States plays the main role in this game while OPEC member countries 
decide to retain the production rate so that the supply in the market become more abundant. 
Additionally, the dismissal of the embargo against Iran has also contributed to the world’s supply 
of oil. The more supply is increasing; the more prices are falling.



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 329

Figure 2. The Number of Indonesian Oil and Gas Working Area 2003-2017

The fall in oil prices has a significant impact on the upstream oil and gas activity. Most oil 
companies reduce their activity to cut the operational costs. The declining activity represents the 
declining of investment value in the oil and gas sector. Most of oil and gas companies have made 
massive efficiencies in their activities since the last 3 years. The number of oil and gas working 
areas in Indonesia continues to decrease every year (Figure-2). On the other hand, the number 
of oil and gas working area awarded is also decreasing. As shown in Figure-3, the number of 
awarded oil and gas blocks in the last 3 years continued to decline. If this condition continues, it 
is not impossible that the oil and gas industry will be run out of business and our energy needs 
cannot be fulfilled.

Figure 3. Blocks offered vs Block awarded 2012-2016
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In Southeast Asia, the oil and gas investment climate in Indonesia is lowest among the others. The 
Policy Perception Index 2016 held by the Fraser Institute puts Indonesia at 79th of 96 jurisdictions 
due to ease of investment (Table-1). In Southeast Asia, Brunei and Vietnam are the countries with 
the best oil and gas industry climate and enter into the World Top 40.

Based on historical records, the rise and fall oil prices are common thing. Since Indonesia’s 
independence in 1945, the nation has experienced two peak oil prices in the period 1975-1981 
and 2001-2014. Oil prices increased at both time but differently responded each other by the 
market. In the first period, the value of oil and gas investment has increased as indicated by 
the increasing number of exploration drilling during that time. On the contrary, in the second 
period the value of investment tends to stagnate and even decline. Therefore, this study aims 
to understand what factors affect the value of oil and gas investment and the efforts needed to 
increase the value of the oil and gas investment.

Analysis

Different Response between Two Similar Oil Price Peaks
The analysis was conducted by analyzing the amount of exploration well drilling data since 1960, 
where massive exploration activities were conducted in Indonesia. As shown in Figure-4, there 
are two times the oil prices reach their peak moment. However, there are different responses from 
both moments regarding the exploration activities. In the period 1971-1985, the rise of world oil 
prices was followed by increased drilling of exploration wells in Indonesia. In this first period, the 
number of exploration drilling reached 2753 wells and marked this period as the most massive 
exploration period in the history of Indonesia‘s upstream oil and gas industry.
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Table 1. Policy Perception Index (Fraser Institute, 2016)

Region Yurisdiction Score Rank Region Yurisdiction Score Rank
Alberta 66.87 43/96 Bangladesh* 42.53 85/96
British Columbia 68.13 39/96 Cambodia 50.83 72/96
Manitoba 87.01 14/96 China* 65.80 45/96
Newfoundland & Labrador 78.66 25/96 India* 49.77 75/96
New Brunswick* 31.53 92/96 Myanmar 53.37 67/96
Northwest Territories* 51.80 70/96 Pakistan* 57.85 58/96
Nova Scotia* 59.12 56/96 Thailand 67.01 42/96
Quebec* 3.96 95/96 Vietnam 68.59 38/96
Saskatchewan 94.18 4/96 Angola 56.69 62/96
Yukon* 45.04 80/96 Cameroon* 64.47 46/96
Alabama* 87.85 11/96 Equatorial Guinea* 57.75 60/96
Alaska 63.49 49/96 Gabon 62.84 50/96
Arkansas* 86.40 15/96 Ghana* 63.51 48/96
California 33.02 91/96 Namibia* 74.55 32/96
Colorado 57.44 61/96 Nigeria 46.69 78/96
Illinois* 66.34 44/96 South Africa* 67.92 40/96
Kansas 94.47 3/96 Algeria 56.57 63/96
Louisiana 83.24 18/96 Bahrain* 74.21 33/96
Michigan 61.14 54/96 Egypt* 62.57 51/96
Mississippi 91.63 8/96 Iraq 47.26 77/96
Montana 88.98 10/96 Libya* 15.24 94/96
New Mexico 79.19 24/96 Morocco* 81.31 21/96
North Dakota 93.16 6/96 Qatar* 75.44 29/96
Ohio 74.95 30/96 Tunisia* 52.71 69/96
Oklahoma 100.00 1/96 United Arab Emirates* 83.00 19/96
Pennsylvania 71.19 36/96 Yemen* 42.74 84/96
Texas 97.65 2/96 Chubut* 43.67 83/96
Utah 89.76 9/96 Mendoza* 49.88 74/96
West Virginia* 81.13 22/96 Neuquen 57.82 59/96
Wyoming 93.26 5/96 Salta* 59.17 55/96
US Offshore—Gulf of Mexico 76.24 28/96 Santa Cruz* 42.28 86/96
New South Wales* 37.27 90/96 Bolivia* 26.64 93/96
Queensland 63.99 47/96 Brazil—Onshore CC* 44.47 82/96
Victoria* 51.79 71/96 Brazil—Offshore CC 53.60 65/96
Western Australia 71.63 35/96 Brazil—Offshore presalt area PSC* 44.50 81/96
Australia—Offshore 77.59 26/96 Chile* 71.78 34/96
Timor Gap (JPDA)* 58.60 57/96 Colombia 61.84 53/96
Brunei* 74.70 31/96 Ecuador* 37.47 89/96
Indonesia 45.83 79/96 Mexico 52.78 68/96
Malaysia 67.44 41/96 Peru 56.04 64/96
New Zealand 83.61 17/96 Venezuela 0.00 96/96
Papua New Guinea 49.13 76/96
Philippines 61.93 52/96
France* 76.33 27/96
Hungary* 68.87 37/96
Ireland* 79.57 23/96
Netherlands 87.21 13/96
Norway—Other Offshore (except North Sea)* 85.83 16/96
Norway—North Sea* 91.67 7/96
Romania* 53.38 66/96
Russia 39.21 87/96
Spain 50.75 73/96
Ukraine* 38.03 88/96
United Kingdom—Other Offshore (except North Sea)* 87.65 12/96
United Kingdom—North Sea 82.42 20/96
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Region Yurisdiction Score Rank Region Yurisdiction Score Rank
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British Columbia 68.13 39/96 Cambodia 50.83 72/96
Manitoba 87.01 14/96 China* 65.80 45/96
Newfoundland & Labrador 78.66 25/96 India* 49.77 75/96
New Brunswick* 31.53 92/96 Myanmar 53.37 67/96
Northwest Territories* 51.80 70/96 Pakistan* 57.85 58/96
Nova Scotia* 59.12 56/96 Thailand 67.01 42/96
Quebec* 3.96 95/96 Vietnam 68.59 38/96
Saskatchewan 94.18 4/96 Angola 56.69 62/96
Yukon* 45.04 80/96 Cameroon* 64.47 46/96
Alabama* 87.85 11/96 Equatorial Guinea* 57.75 60/96
Alaska 63.49 49/96 Gabon 62.84 50/96
Arkansas* 86.40 15/96 Ghana* 63.51 48/96
California 33.02 91/96 Namibia* 74.55 32/96
Colorado 57.44 61/96 Nigeria 46.69 78/96
Illinois* 66.34 44/96 South Africa* 67.92 40/96
Kansas 94.47 3/96 Algeria 56.57 63/96
Louisiana 83.24 18/96 Bahrain* 74.21 33/96
Michigan 61.14 54/96 Egypt* 62.57 51/96
Mississippi 91.63 8/96 Iraq 47.26 77/96
Montana 88.98 10/96 Libya* 15.24 94/96
New Mexico 79.19 24/96 Morocco* 81.31 21/96
North Dakota 93.16 6/96 Qatar* 75.44 29/96
Ohio 74.95 30/96 Tunisia* 52.71 69/96
Oklahoma 100.00 1/96 United Arab Emirates* 83.00 19/96
Pennsylvania 71.19 36/96 Yemen* 42.74 84/96
Texas 97.65 2/96 Chubut* 43.67 83/96
Utah 89.76 9/96 Mendoza* 49.88 74/96
West Virginia* 81.13 22/96 Neuquen 57.82 59/96
Wyoming 93.26 5/96 Salta* 59.17 55/96
US Offshore—Gulf of Mexico 76.24 28/96 Santa Cruz* 42.28 86/96
New South Wales* 37.27 90/96 Bolivia* 26.64 93/96
Queensland 63.99 47/96 Brazil—Onshore CC* 44.47 82/96
Victoria* 51.79 71/96 Brazil—Offshore CC 53.60 65/96
Western Australia 71.63 35/96 Brazil—Offshore presalt area PSC* 44.50 81/96
Australia—Offshore 77.59 26/96 Chile* 71.78 34/96
Timor Gap (JPDA)* 58.60 57/96 Colombia 61.84 53/96
Brunei* 74.70 31/96 Ecuador* 37.47 89/96
Indonesia 45.83 79/96 Mexico 52.78 68/96
Malaysia 67.44 41/96 Peru 56.04 64/96
New Zealand 83.61 17/96 Venezuela 0.00 96/96
Papua New Guinea 49.13 76/96
Philippines 61.93 52/96
France* 76.33 27/96
Hungary* 68.87 37/96
Ireland* 79.57 23/96
Netherlands 87.21 13/96
Norway—Other Offshore (except North Sea)* 85.83 16/96
Norway—North Sea* 91.67 7/96
Romania* 53.38 66/96
Russia 39.21 87/96
Spain 50.75 73/96
Ukraine* 38.03 88/96
United Kingdom—Other Offshore (except North Sea)* 87.65 12/96
United Kingdom—North Sea 82.42 20/96
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Figure 4. Exploration Activitity and Fiscal Policy Throughout Fluctuative Oil Price
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On the contrary, in the rise of world oil price in 2001-2014, the different response was shown by 
oil and gas industry in Indonesia, which is the number of drilling exploration wells was tend to 
be stagnant. In this second oil price peak, the number of good exploratory drilling was only 1102 
drilling or less than half the amount of drilling from the previous peak. Based on those differences, 
this study tries to find out the effective efforts that can increase oil and gas investment.

The implementation of the PSC in 1966 was followed by an increase of exploration drilling number 
which became one of the indicators of investment escalation. The increase in oil price at that 
time can be used well by the Government of Indonesia (GOI) to increase domestic oil and gas 
investment.

The prices reached the top level in the middle 1980s as the GOI released the second-generation 
of PSC. The second generation PSC introduces a new scheme with unlimited cost-recovery 
incentives, 20% investment credit, and the implementation of DMO Holiday for 5 years of 
production. The giant discoveries in Indonesia are mostly found in that era (Figure 5). Those 
successful exploration drillings indicate that the fiscal policy at that time was effective and 
supported the exploration programmes. The massive exploration activities in the 1970-1980 
period deliver to a large number of new data discover. The launch of BlueBook by Pertamina 
in 1984 which disclose geological and geophysical data.is also one of the factors that support 
investment escalation during the era. The more disclosed data, the fewer exploration risks would 
be. Indirectly, the disclosure of geological and geophysical data can increase the value of oil and 
gas investment and increase oil and gas reserves.

Figure 5. The giant discoveries in Indonesia during 1970’s Oil Price Peak

Fiscal Relaxation during the low oil price
The oil and gas industry was shaken in the late 1980s due to the decline of oil prices, not only in 
Indonesia but worldwide. The decline in prices has made investors hold the exploration activities 
so that the value of investment also plunge at that time. In order to maintain the sustainability of 
the oil and gas industry, the former GOI opted out to issue policies for relaxing fiscal which aimed 
investment incentives to Production Sharing Contractor. The detailed incentives given by GOI 
during low oi price is shown Table-2.
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Table 2. The Incentives during the late 1980’s oil price decrease

Oil prices rose again in the mid-2000s and peaked during spring of 2008 at a price of US$ 
140/barrel. In contrast to the previous rise, the number of exploration activities tended to be 
stagnant throughout the second period. The number of exploration wells drilled was only the half 
of previous peak’s wells.

During the second peak, GOI issued several policies that tend to inhibit oil and gas investment. 
Minister of Energy and Mineral Resources Regulation No.1/2008, No.3/2008, No. 22/2008 and 
No. 36/2008 is one of the disincentives of the oil and gas industry. Those regulations eliminate 
the incentives which have been implemented before. The abolition investment credit and POD 
basis enforcement are some unsuitable policies which decrease the oil and gas investment. 
Implementation of Government Regulation 79/2010 further makes the oil and gas industry 
Indonesia is not attractive anymore for the investors due to restrictions related to Operating Costs 
that can be recovered (Figure 6).

Figure 6. PP79/2010 affects to oil and gas exploration in Indonesia.
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Updating New Concept and Disclosing Data
Even though Indonesia has started the upstream oil and gas industry since 1871, the oil and 
gas activity have not widely distributed yet. The exploration is denser in Western Region to 
Eastern Region. Most exploration target is Tertiary Rocks which is more easy to developed and 
more economically. Figure 7 shows Indonesia’s Creaming Curve Diagram, which exhibits the 
comparison between cumulative discovery and the number of exploratory drilling. The plot of 
those elements shows that the giant-discovery generally occurred soon after new play or new 
technology implementation (Figure 7). Some notable giant-discovery which occurred after new 
play or new technology implementation is Duri (2.623,24 MMBOE), Minas (4.772,16 MMBOE), 
Natuna D Alpha (10.333,33 MMBOE), and  Asap (396.17 MMBOE).

Figure 7. Indonesia Creaming Curve, showing the cummulative discoveries. The steep 
fluctuation of discoveries may indicate new play or new technology implementation.

Figure 8. Exploration Budget vs Realisation: the second oil price peak has wider gap than the 
first oil price peak.



336 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

This data leads us to the conclusion that once the cumulative production is being stagnant, a new 
play and the new concept is required in order to discover the bigger hydrocarbons. The discovery 
of hydrocarbons which implemented within new concept will enhance exploration activities and 
increase the oil and gas investment. In order to support the new play and concept, data disclosure 
becomes important and it is the government’s responsibility to provide data and treat the data as 
‘infrastructure’ rather than ‘state income objects.’ The Natural Resources Governance Institute 
(2017) released an index of data disclosure regarding natural resource governance. Indonesia 
ranked 11 out of 81 countries surveyed. 

Simplifyng Regulation
In addition, the length of the bureaucracy chain tends to decrease the investment. Figure 8 shows 
us the gap between the budget and the realization. The more gap between the budget and the 
realization means the more regulation became the barrier. The gap averaged around 0.21% in 
the first period while the number increased 24% in the second peak. The Fraser Institute in 
2017 released a survey that signifies the barriers of the investment in Indonesia. The results 
show that regulation is still the one that detains the investment in Indonesia. In line with Fraser’s 
survey, SKK Migas Exploration Commitment Department released the list of Production Sharing 
Contractor obstacle during the first semester of 2017 which shows that regulation and social are 
the second-string of exploration obstacles (Figure 9).

 
Figure 9. Exploration Disincentives (modified from Fraser, 2016).
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Currently, there are 373 licenses that need to be managed by the Production Sharing Contractor 
since the PSC signed until the end of the Contract in the 30th year. The licensing includes 
74 licenses within the Ministry of Energy and Mineral Resources, 16 licenses in the Ministry 
of Finance, 36 licenses in the Ministry of Environment and Forestry (LHK), 76 licenses in the 
Ministry of Transportation, 3 licenses at the Ministry of Industry, 11 licenses located within the 
Ministry of Commerce, 16 licensing at the Ministry of Manpower. 11 licenses in the Ministry of 
Communications and Information Technology. 4 licenses in the Ministry of Defence, 4 licenses 
in the Ministry of Justice and Human Rights, 2 licenses at the Ministry of Public Works and 
People’s Housing. 9 licensing in the Navy, 19 licensing in the Police, 3 licensing in the National 
Land Agency, 29 licenses at the Provincial Government level, 53 licenses in Local Government, 
3 licenses to the Nuclear Power Supervisory Agency, 2 licenses at the Ministry of Marine Affairs 
and Fisheries and two permits to the private sector as the owner of IUPHK.

Of course with the plenty number of permits make the upstream oil and gas activities ineffective and 
inefficient. Therefore, simplification becomes one of the keys to increase oil and gas investment. 
The simplification process not only reduces the quantity of permits that need to be administered, 
but also reduces the quantity of licensing institutions by unifying plenty institution into a one-door 
licensing agency.

Discussion and Result
In order to chase back the glory of oil and gas industry, the GOI had already conducted a number 
of the policy includes: introducing the new scheme of Gross Split PSC, offering incentives in term 
of taxation and non-taxation, campaign the new exploration target, and also G&G data disclosure.

Gross Split as the new fiscal scheme
To boost oil and gas investment in Indonesia during current low oil price, the GOI introduced a 
new scheme for sharing oil and gas revenue by ESDM Regulation No. 8/2017 and No. 52/2017. 
This new scheme based on the sharing of a “Gross Production Split” without regard cost 
recovery mechanism (Figure 10). This new scheme will incentivize upstream activities by giving 
freedom to contractor due to spending and operational program. In addition, Gross Split PSC will 
allow contractors to focus on cost efficiency, and reduce the bureaucratic approval process for 
expenditures.

With this Gross Split PSC, the Contractor Take will include the Base Split, Variable Split, and 
Progressive Split. The base split is the baseline in determining the production split during the 
Plan of Development (“POD”) approval, which determined as 57% GOI - 43% Contractor for oil 
and 52% GOI - 48% Contractor for gas. The Variable Split is adjustments which take into account 
the status of the work area, the field location, reservoir, supporting infrastructure, etc while the 
Progressive Split are an adjustment to current oil price and cumulative production.

Fiscal Relaxation as Incentives
The GOI had already revised the Government Regulation No. 79/2010 on Operating Costs that 
can be Recovered and Treatment of Income Tax in Upstream Oil and Gas Business Sector by 
releasing Government Regulation No. 27/2017. The new regulation allows Contractor to obtain 
the incentives in the form taxation and non-taxation as shown detailed in Table 3.

Campaign the New Exploration Target
As explained before, the new exploration target with new concept could possibly making the 
better understand and increase investment in oil and gas industry. SKK Migas, as Indonesia’s 
upstream oil and gas executive authority, has launched its first Memoir titled Eastern Indonesia 
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Hydrocarbon Potential. This book was inspired by the unbalanced exploration activity between 
the Western and Eastern Region in Indonesia. Figure 11 shows the distribution of exploration 
activity in Indonesia showing that the 2D seismic covers ± 2.4 million km in the western region, 
while the eastern region was only covered by 1.1 million km. The number of exploration wells also 
shows the unequal condition with 5.965 wells drilled in Western Region, far beyond the Eastern 
Region with 659 wells spudded in the region during 1871-2017.

Figure 10. Gross Split Mechanism: A Production Sharing Contract Without Cost Recovery

Table 3. Government Regulation No. 27/2017 as the incentives for the PSC Contractors

Subject Incentives 

Taxation Incentives 

Exploration Period Taxation: 
Exemption of Import Duty, VAT or PPnBM is not collected, Income Tax 22 is not 
levied, 100% UN reduction during the exploration period. 

Exploitation Period Taxation: 
Exemption of import duty, VAT or PPnBM is not collected, the import tax 22 is 
not collected, the reduction of the UN maximum 100 percent world body. (Given 
by consideration of project economics from Minister of Energy of Mineral 
Resources (ESDM). 

Cost sharing is exempt from PPh and is not subject to VAT. 

The expenditure of the indirect cost of head office is not the object of PPh and 
VAT. 

Income Tax on Uplift Income and Participating Interest Transfer is only charged 
once and is final (Including Income Tax Profit Tax). 

Relaxing Non-Cost 
Recoverable into 
Recoverable Costs 

The cost of developing the environment and local communities during the 
exploitation period 

Employee income tax paid as income tax support 

Incentive fee of interest recovery 

POD Basis to Block 
Basis 

Affirmation of Block Basis principle regarding cost recovery calculation. This 
affirmation also eliminates the principle of Plan Of Development (POD) field 
base or calculated per field due to cost recovery calculation. 
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Figure 11. Comparison between Exploration Activity between Western and Eastern Indonesia 
Region (modified from Patra Nusa Data, 2017)

By launched this memoir, SKK Migas promotes Indonesia’s potential in Eastern Region which 
well known as the home of the Pre-Tertiary Discoveries. The creaming curve of the Eastern 
Indonesian Region shows that the Pre-Tertiary is one of the keys to increasing the nation’s oil and 
gas reserves. The Pre-Tertiary shows the growing trend while some of the Tertiary play shows the 
stagnant trend which indicated the mature condition due to the discovery size and the number of 
wells drilled (Figure 12).
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Figure 12. The Creaming Curve of Eastern Indonesia Region

Data Disclosure
The data disclosure takes part in order to boost oil and gas investment. Currently, the GOI is 
about to revised the ESDM Regulation No. 26/2007. The new regulation will make exploration and 
exploitation data as the ‘infrastructure’ in oil and gas industry, and not being the object of PNPB/
State Income. This regulation also the basis for strengthening institute of data management in 
order to provide free access, easy, and comprehensive data.

Conclusions
The differences between the oil and gas investment value during two similar oil price peaks was 
controlled by some factors which are: the fiscal policy, disclosure data, and regulation. What the 
GOI has done in the first period (1971-1985) proved the effective steps to increase the oil and gas 
industry investment in Indonesia. The policies created by the former GOI during the first oil price 
peak tend to acts as the incentives to the investor. On the other hand, during the second price 
peak (2001-2014), the GOI issued a number of unsuitable policy. Some of the policies mostly 
become the barrier of investment, for example: the Government Regulation No. 79/2010 which 
limiting the cost recoverable and enforcement the taxation during exploration period.

To chase back the glory of oil and gas industry, there are four keys to maintain and increase the 
investment in oil and gas sector, which are: fiscal policy, data disclosure, updating new play and 
target, and simplify regulation. All of them are essential and dependent elements each other. The 
Government shall unlock the gridlock in oil and gas industry by focusing on those items.
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So far, the GOI had already conducted a number of the policy includes: introducing the new 
scheme of Gross Split PSC, offering incentives in term of taxation and non-taxation, campaign 
the new exploration target, and also preparing the new regulation about data disclosure. The 
result of these kind efforts to boost oil and gas investment cannot be seen at the moment, but in 
the following years. With the effective way the key to maintain and increase the investment in oil 
and gas sector.
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Abstract. This study investigates enabling conditions to facilitate social innovation in the 
energy sector. This research is important to support the energy transition in Indonesia. This 
research provides appropriate project direction, including research (and action) gaps for the 
energy actors in Indonesia. The actors are allowed to work further with the result of this study 
to stimulate the energy transition in Indonesia. This report uses systemic change framework 
which recognizes four drivers of systemic change in a region: 1. transforming political 
ecologies; 2. configuring green economies; the 3. building of adaptive communities; 4. social 
innovation. These drivers are interconnected, and this report focuses on how social innovation 
can be supported by other drivers. This study used methods of interview and literature review 
as the sources for data collection in this report. There were interviews with eight experts in the 
related topic which come from different countries which have experienced social innovation in 
the energy sector. Afterward, this research reviewed related journal papers from last five years, 
to check the latest development within the topic, to support the interview result. The result 
found that the enabling condition can focus on one of the drivers of systemic change, which 
is building communities by increasing their participation, through several integrated actions. 
This finding can be implemented in two types of citizen energy initiatives which are energy 
cooperatives and sustainable consumption initiatives. This implementation requires further 
study of its related policy and governance support, to create complete enabling conditions to 
facilitate social innovation in the energy transition.

1. Introduction
Since the end of 20th century, the world has increased attention for tackling the effects of climate 
change by aiming for a transition towards a system based on cleaner, renewable energy resources 
(Bulkeley & Betsill, 2013). Due to this renewable-energy transition, we are facing many challenges 
such as: the research and development of new clean energy technologies (Hisschemöller & 
Sioziou, 2013). Besides this scientific and technological domain, it also affects political, societal, 
and economic issues (Akella et al., 2009; Mees et al., 2014).

In addressing societal issues, it is important to emphasize the involvement and role of citizens 
within the renewable-energy transition. It requires focusing on policy arrangements and social 
innovation. This focus is linked to the thought that making citizens part of the solution creates a 
sense of ownership. In theory, this could lead to an increased willingness of people to change 
behavior, become involved, and continue to remain in renewable-energy projects. Loorbach et 
al. (2008) show that involving citizens can be difficult. After an initial phase of reduced energy 
consumption - by switching to energy-efficient technologies - stabilization took place (Loorbach et 
al., 2008). Further reductions in energy consumption were not easily achieved because necessary 
changes in the direction of increased renewable energy production and decreased usage failed 
(Loorbach et al., 2008).

In Europe, there has been attention to social sciences and humanities aspects of the clean-
energy transition (European Commission services, 2017, p. 106). It has identified factors that (1) 
pave the way for a positive public perception; (2) create long-lasting and accepted governance 
arrangements; and (3) should generate both social and economic benefits (European Commission 
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services, 2017, p. 106). 

This research aims to bring those ideas to Indonesia. Therefore, the research question is: “What 
are enabling conditions to facilitate social innovation in the energy sector?”. This study investigates 
appropriate research gaps that fit with the defined area of research on this topic. There are many 
ideas on research questions for the upcoming project about social innovation, and an abundance 
of further research questions can be found in the relevant scholarly literature. This report helps 
to narrow the possible scope of the upcoming project by identifying the most promising research 
questions by the experts. Thus, the conclusion of this report includes both research gaps and 
strategy recommendations for working on the future project.  

This report is organized in these following ways. After the introduction, chapter two introduces the 
conceptual framework. Therein some important concepts and definitions are given. For example, 
it discusses the notions of systemic change, social innovation, and the renewable-energy 
transition. In chapter three of methodology, I explain data collection and data analysis of this 
study. Subsequently, chapter three presents result of an in-depth analysis of the possible project 
direction (including research and action gaps). In the following chapter, there is a discussion 
about the results and the possible list of research gaps. The discussion yields recommendations 
which exist both of most promising research gaps and strategies for working on the future project. 
Finally, in the last chapter, conclusion includes a concise version of the list of recommendations.

2. Conceptual and Theoretical Framework
This chapter explains about concept and theory used in this report. The first section of this chapter 
will look at the energy transition. Section two explains the concepts of systemic change and social 
innovation, with a focus on the renewable-energy transition in the urban environment. The section 
of systemic change also provides Wolfram and Frantzeskaki’s (2016) four drivers of systemic 
change.

2.1 Energy Transition
Some text. Davidsson (2014) defined energy transition as a fundamental structural change in 
the energy sector. It is caused by resource scarcity in petroleum supplies, high labor costs, and 
technological innovations and further stimulated by the increased intention for tackling the effects 
of climate change (Solomon, & Krishna, 2011). Specifically, this context includes decentralized 
energy systems as part of an energy transition (Bulkeley & Betsill, 2013). 

Oberthür & Roche (2008) considered the European Union (EU) as a leader on climate change 
policies. The EU has provided directions for the energy transition by picked up one of the topics: 
citizen engagement and consumers (European Commission, 2016). It aims to modernize the 
economy by enhancing economic activity in the renewable energy sector. It looks at transitioning 
from fossil fuels to renewable energy sources, energy efficiency, the creation of new governance 
arrangements, and rearranging the electricity market (European Commission, 2016).

Historically, the world has been applying term clean energy since the 1970’s, even though the term 
renewable energy gained more momentum from the 1980’s onward). Within the vision of a clean 
energy transition, there is a role for the process of carbon capture and storage. For example, the 
storage of carbon dioxide in depleted oil and gas reservoirs (Weber, 2016). There still is a public 
discussion on the long-term implications of such technologies (Morris, 2017). Especially, since - 
up until today - projects that tried to implement these techniques in the Netherlands all failed due 
to a lack public acceptance (Ministry of Economic Affairs, Agriculture, and Innovation, 2010). 
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To contribute to the acceleration of the renewable energy transition, Hisschemöller & Sioziou 
(2013) argue that study the enabling factors of past and present transitions are important. They 
also found that one of these factors is the research and development of new technologies. Others 
emphasize the importance of societal acceptance and economic issues in the renewable energy 
transition (Akella et al., 2009; Mees et al., 2014; Arent et al., 2017). Also, the creation of policies 
can facilitate the spread of already widely available renewable energy technologies (Oteman et 
al., 2017). Thus, on the one hand, the role of technology is recognized as an important driver of 
change. On the other hand, the literature indicates that real solutions are found in private sector 
engagement and innovative approaches to policies and regulations.

2.2 Systemic Change and Social Innovation 
A full renewable-energy transition requires a systemic change. The systemic change includes 
macro-level innovations that often consist of a series of technological advancements. It is usually 
followed by changes in societies their economic and social domains. As a result, the term social 
innovation emerges (Nicholls & Murdock, 2012). The concept of social innovation can function 
as a tool to analyze changes in social relations resulting from recent technological innovations. 
Nicholls & Murdock (2012) assumed that the technological innovation affects not only the 
energy production and consumption cycles, but also the (in)direct effects on consumers and 
the environment. Social innovation involves all sectors of society, i.e. (combinations of) public, 
private, and civil society actors (Nicholls & Murdock, 2012; Miller et al., 2015).

2.2.1 Systemic Change
Coutard and Rutherford (2010) argue that social practices and the policies are essential to 
determine how socio-technical transitions play out (Coutard & Rutherford, 2010). Examples of 
policies that shape social practices are subsidies on solar panels and sustainable housing policies 
(Coutard & Rutherford, 2010). When these social practices and policies are not aimed at within 
the transition, it reduces the chances of systemic change happening significantly (Coutard & 
Rutherford, 2010). In a more recent paper, both authors argue that urban clean-energy transitions 
are not the result of a change in the technical processes of energy consumption, distribution, and 
production (Rutherford & Coutard, 2014). But, that it largely depends on the combination of how 
infrastructures, buildings, industries, institutions, as well as individuals and social groups, their 
practices and values shape and are shaped by context-specific, conflicting energy needs, uses, 
forms of management, etc, that work together (Rutherford & Coutard, 2014, p. 1371).

Wolfram and Frantzeskaki (2016) recognize four drivers of systemic change in cities. The first 
driver of systemic change looks at “transforming urban metabolisms and political ecologies” 
(Wolfram & Frantzeskaki, 2016, p. 10). Coalitions of local governments, businesses, and citizens 
test new energy usages, technologies, and services to reduce the city’s greenhouse gas emissions, 
maintain today’s living standards, and sustain economic growth (Wolfram & Frantzeskaki, 2016). A 
drawback of this driver are questions of legitimacy, openness, and accountability of the multi-level 
governance process (Wolfram & Frantzeskaki, 2016). The second driver is about “configuring 
urban innovation systems for green economies” (Wolfram & Frantzeskaki, 2016 p. 10). Within this 
driver, particular attention is given to transformations of the production and consumption cycles 
of energy. It implies a focus on businesses and consumers, and their place-dependent networks, 
strategies, and requirements for creating a greener economy (Wolfram & Frantzeskaki, 2016). 
Knowledge transfers and (social) innovations are facilitated through cooperation, e.g, by networks 
of actors with shared-values (Wolfram & Frantzeskaki, 2016). In essence, systemic change takes 
places through cooperation that facilitates local (place-based) socio-technical innovations in cities 
(Wolfram & Frantzeskaki, 2016).  



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 345

The third driver of systemic change is the “building of adaptive communities and ecosystems” 
(Wolfram & Fratzeskaki, 2016, p. 11) and concerns the environmental effects of climate change on 
cities. A focus on ecosystem services is the result that provides benefits from nature to humans, e.g, 
the cooling effects of vegetation/parks for neighboring buildings (Wolfram & Fratzeskaki, 2016). 
This driver focuses on climate change adaptation (adaptive governance) within a multi-level and 
multi-sector governance framework (Wolfram & Fratzeskaki, 2016). In short, public and private 
actors collaborate with each other. The fourth driver is “empowering urban grassroots niches 
and social innovation” (Wolfram & Fratzeskaki, 2016, p. 11). This driver focuses on the creation 
of new markets through the upscaling of successful grassroots initiatives (niches) (Wolfram & 
Fratzeskaki, 2016). Eventually, these initiatives might be translated into local regulations and 
policies. In other words, cities can function as hubs for social innovation such as grassroots 
initiatives (Wolfram, 2016).

There are complex interdependencies between various factors that influence social innovation 
(European Commission services, 2017, p. 106). Government and private interest groups have an 
opportunity to provide incentives for social innovation; this interdependence is also recognized by 
authors such as Miller et al., who argue that energy transitions nowadays go hand-in-hand with 
social, economic, and political shifts (Miller et al., 2015). Figure 1 shows that social innovations 
are interlinked with other drivers in the socio-energy systemic change, and it means that the 
systemic change also works as drivers to support social innovation (Miller et al., 2015).
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Figure 1. Drivers for social innovation

2.2.2  Social Innovation
Social innovation in various ways where people are making new and more effective solutions 
and answers to the actual problems such as climate change, energy, health, and poverty (Murray 
et al. 2010). Social innovation acknowledges community participation. From that perspective 
Wüstenhagen et al. argue that high levels of participation reflect a community’s acceptance 
towards the social innovation (Wüstenhagen et al., 2007). Moreover, social innovation has an 
overlapping element with business innovations. New business models on social innovation can 
result in profits in the form of livelihoods for local communities (Pol, 2009). A collaboration of civil 
society and business actors with government agencies can help provide incentives for social 
innovation (Miller et al., 2015). It stimulates change in consumer behavior, which implies that social 
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innovation needs to be inserted into an economic structure of interdependencies between multiple 
actors (Brand, 2008). Therefore, communities or citizens have a role in the renewable-energy 
transition. By producing and consuming energy, they can become active market players. Thus, 
to let citizens get acquainted with this role – multiple actors have to stimulate the development 
from a passive to a pro-active consumer. In principle, when participants are closely engaged with 
energy production, they will have a higher awareness of their energy consumption (European 
Commission. 2016).

Several examples of social innovation are prosumer initiatives and energy cooperatives. A 
prosumer is a consumer that also produces energy, e.g., solar panels on one’s roof. One of 
such a prosumer initiative is the Smart Grid project which facilitates bi-directional energy and 
information flow between the utility grid and the energy consumer (Rathnayaka, 2011). It does 
not only allows the consumer to generate the energy but also to share it with other energy 
consumers throughout the grid (Rathnayaka, 2011). This kind of initiative is often associated 
with the idea of energy cooperatives. Cooperatives can foster and stimulate the development 
of local energy communities (Van Der Schoor & Scholtens, 2015). Multiple actors engage with 
the institutionalization and establishment of social innovations that support the development of 
decentralized energy systems (Van Der Schoor & Scholtens, 2015). For instance, multiple cities 
support the Sustainable Development Goals that – amongst others - define the challenges of 
making cities and communities more sustainable, combat the effects of climate change, and 
ensure universal access to sustainable and renewable-energy resources (United Nations, 2015).

Social innovations in the energy sector take place within the context of the decision-making 
process. Consumers are not isolated but inserted into an economic structure of interdependencies 
between the state, NGOs, science, media, and enterprises (Brand, 2008). Therefore, social 
innovations should also be studied in connection to these other actors. To understand and 
encourage the renewable-energy transition, it is necessary to study the context that surrounds 
consumers and to stimulate systemic change. It is also necessary to make the connection with 
policy implementers and actors from the practical field (Arent et al., 2017). In many fields that 
study (environmental) behavior, it is a well-known phenomenon that often, individuals who say 
they value sustainability, still behave unsustainable (Agyeman, 2002). An ecological attitude does 
not necessarily lead to an increasing demand for green products (Claudy, 2013). Due to this 
attitude-behavior gap, studying actual practice or behavior in social innovation is important to find 
ways to enable individuals to behave more aligned with their attitudes.

3. Methodology
This research used a qualitative method in this study, through first-hand data from interviews and 
secondary data from the literature review.

3.1 Data Collection
In the interviews, this study implemented judgmental sampling to select the experts as our 
study population, because this non-probability sampling technique suits this research condition. 
Through own knowledge and professional judgment, this research chose units to be sampled 
(Kothari, 2004). This study also made use of snowball sampling by asking interviewees if they 
could recommend other topic-specific literature. A selection of these methods was used to 
meet the specific content of each sub-component. The combination of these methods forms an 
integrated analysis.

The research population consists of a total of eight experts from; four research institutes, two 
NGOs, one company and one association. Still, their expertise and backgrounds are all different. 
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Some are more knowledgeable in the economic aspects of the renewable-energy transition, while 
others emphasize the transition’s social and policy characteristics/requirements.

The interview is semi-structured, in-depth, it was done with eight above-mentioned experts. A 
characteristic of in-depth interviewing techniques is that there is repeated interaction between the 
researcher and the interviewee (Kumar, 2014). All interviews have been – with consent - recorded 
and transcribed. 

This study also executed a Delphi approach in the interviews. It was done to obtain information 
that may generate agreement on the information about enabling conditions. The Delphi technique 
was adjusted to the project’s needs. Especially conducting the first round of interviews is different 
from  general Delphi approach. Focus laid on finding out which statement suits to come up with a 
research gap. Additionally, not all experts answered all questionnaires. To get as many responses 
as possible, it was the flexibility of the questionnaires sequence needed. 

Delphi is a ‘group communication’ process, which uses a series of questionnaires (Hsu, 2007). 
An incorporated feedback mechanism is the starting point for the next interview and allows the 
interviewees to react on – anonymized – perspectives and answers of other experts (Linstone & 
Turoff, 1975). In each round, the experts work separately through a set of anonymized statements 
from other experts. Anonymization gives the advantage of reducing the influence of dominant 
individuals (Hsu,2007). Finally, Delphi allows choosing between an oral or a written interview. That 
gives the right amount of flexibility to adjust the data collection methods towards the availability of 
the interviewees. Hence the interviews can be time-consuming. Especially, when a questionnaire 
consists of a large number of statements (Hsu, 2007).

Another aspect of the qualitative method of this report was a literature review. It aims to understand 
the current state of research on the topic of social innovation in the energy sector. It also supported 
the results from the interviews, and the strategy choices flowing from the data analysis. The online 
databases Scopus and Google Scholar were searched for finding scientific papers. A method to 
enlarge the scope of the literature was to go through the references of already found articles. 

The literature search was broadly over three categories, namely literature related to governance 
aspects, economic aspects, and social aspects. This categorization corresponds to the three 
elements of change that seem highly important for a successful socio-energy system change 
(Miller et al. 2015). We selected the relevant literature, and the search was for papers of recent 
publication dates, at least after 2013. 

3.2 Data Analysis
This study categorized or grouped responses to the first round of interview by the frequency/
similarity of an answer on possible enabling conditions. This process aims to reduce the number 
to a manageable level, whilst keeping the essential meaning of the replies. That was the basis 
for a well-structured survey. The written interview asked for preference of possible research 
topics and explaining the choice. The listed range of opinions - and their explanations - allow an 
adjustment of the original statement (Hsu, 2007). The purpose of this strategy was to make an 
individual interviewee aware of the viewpoints of other experts. According to the Delphi method, 
through questioning why particular strengths/opportunities are especially important, the answers 
are converted into one specific direction (Linstone & Turoff, 1975). Thereby, it is assumed that 
the judgment of multiple people is better than that of one individual (Linstone & Turoff, 1975). 
Theoretically, the Delphi process can be continuously repeated until the experts agree on one 
direction. 
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The interviews formed the basis for the qualitative analysis, which is a commonly used tool in 
social sciences. In this report, it is used for decision-making purposes to determine the focus for 
future study. From the interviews, it resulted in a list of more specific research topics that can be 
studied further. That information has to be prioritized. Those items were discussed from the most 
preferred to the least, based on the preference from possible research topic.

The priority list of enabling conditions was used to look at future possibilities, by matching the topic 
with external trends (Chermack, 2007). The topic of social innovation is created by the discourse 
from the experts. It is connected with external trends on political, economic, social, technological, 
and competitive - factors (Chermack, 2007). To stimulate a new strategic initiative, the discourse 
and external factors are paired according to a systematic scheme (see Table 6). The strategy 
can be summed up in building on the exploring the opportunities from the topic for future study 
(Dyson, 2004). Therefore, the analysis turns into actionable strategies to enable key decisions. 

4. Result and Discussion
The result was the experts prefer three main enabling conditions to facilitate social innovation in 
the energy sector, which are; 1. increased community participation in citizen energy initiatives; 2. 
connection with other energy actors from the field to determine best practices and exchange of 
their experiences to make policy recommendations; 3. existence of various levels of investment 
on the citizen energy initiatives. There, all three main preferences above were analyzed in 
connection with relevant findings from the interviews and literature review.

The second preference forms type of the project, which is a combination of research and practice. 
It is not only about bridging the research to practice, the practical action can also provide feedback 
which is fruitful for further research development. Some experts from the research institutes did 
agree that the research should be connected with the programmes of the NGO and consulting 
firms from the related field. They can help the researchers to determine best practices of initiatives 
in social innovation and to enable an exchange of experiences among the initiatives. NGO has to 
ready to support this implementation and the practical part. Yet, there is a gap in that part, which is 
lack of experimental project. Hazel & Onaga (2003) studied experimental social innovation project 
and its dissemination. They argued that cross-project replication is necessary to examine projects 
that work in different settings of populations and costs. This result has potential to upgrade the 
effectiveness and quality of the project interventions.

The combination of research and practice comes close to what might be a good project; specific 
form is needed for the combination that fits with the topic: enabling conditions to support social 
innovation in the renewable energy transition. This topic is one of three main preferences from 
the experts. They want the project to focus on the aspect of community participation in social 
innovation, particularly about strategy to increase the degree of participation. Instead of initiating 
new initiatives, they see that expanding existing initiatives through increasing the community 
participation is a good goal for social innovation in renewable energy. Future research can 
examine in detail about different types of community participation, for example; it could compare 
non-members of community energy projects with the members, including the initiators of the 
projects.

Third preference of the experts is about the effect of various levels of investment in the success of 
social innovations. This topic is the most interesting part of renewable energy transition because 
it leads to the idea of the prosumer initiative. The investment could be incentive to increase the 
participation of the community, to be no longer only consumer, but also as a producer.
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Also, the multi-level effects of investment are interesting to make sure the social innovations 
are sustainable and transformative. The investment topic is connected with business models 
in energy cooperatives as another form of social innovation in the renewable energy transition. 
Energy cooperative is a common model for social innovation in the energy sector. This 
cooperative produces renewable energy from small-scale generation such as community-owned 
windfarms and biofuel projects. This initiative has a business model which can support economic 
development in the community (Huybrechts, & Mertens, 2014). Possible future studies of this 
topic are coordinated actions among the cooperatives and its relation to other factors, as well as 
feasibility for upscaling the business model of the energy cooperatives.

From the main three preferences, the link to the governance is missing in those topics. It would 
be too narrow if the project is not involving larger scale political entities, it has to be explicitly 
mentioned in the project direction. Combination of the research project with practical contribution 
should be able to create a good policy recommendation. The policy recommendations for multi-
level governance is necessary for one of the end products for the future project. This output helps 
social innovation to not only focus on local cohesiveness and its economic development but also 
to support the global political focus in commitment to sustainability discourses (Islar & Busch, 
2016). 

One of the interconnected social barriers in social innovation found by Heaslip (et al. 2016) is 
including policy aspects. This aspect was not deeply discussed from the result of the interview with 
the experts. Yet, it is slightly touched on the topic of governance and business model or economic. 
Based on the interconnected drivers of systemic change in cities (Wolfram & Frantzeskaki, 2016), 
the three main preference topics from the experts are not enough as enabling conditions to support 
social innovation. Table 1 shows how the three preferences of enabling conditions to connect with 
systemic change elements which work as drivers for social innovation. The topic of community 
participation fit with drivers from adaptive communities and topic of energy cooperative is related 
with green economies. However, the citizen energy initiatives need to have one more driver of its 
enabling conditions, which is policy and governance support. Action research on existing citizen 
initiatives is concrete planning. However, it should not restrict the project development. Other 
topics and more specific research gaps still need to be considered, as shown in Table 1.
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 Table 1. Main enabling conditions and its research gaps in systemic change to support social 
innovation

Systemic change drivers to support social innovation

Type of 
project

Connecting research with best practices, to enable an exchange of experiences and to make 
policy recommendations

Drivers to 
change

Building adaptive commu-
nities 

Configuring green economies Transforming political ecolo-
gies

Topic of 
project

Increased degree of 
community participation 
and identifying new form 
of social innovation

Multiplied effect of various 
levels of investment in the 
success of social innovations

Involvement of larger scale po-
litical entities or policy context 
for multi-level governance

Research (and action) gaps

Lack of experimental project

More specific 
research 
topic

Influence of local context

Different types of partici-
pation

Embedding the partici-
pation into the initiatives’ 
methodologies 

Characteristics and per-
formance measures of the 
best initiatives

Different types of community 
investment

Coordinations among the 
energy cooperatives

Upscaling the business model

Connect the cooperatives to 
other energy actors

Social network analysis of 
related actors

Conflicts within the networks & 
barrier to local energy gover-
nance

Institutionalization: delivering 
policy, organization

Connect different alternative 
(transition) scenarios 

Our literature review found some topics or areas which can address insufficient information and 
knowledge about policy and governance support for citizen energy initiatives. In order to create 
a good policy and governance arrangement to social innovation, we need to look at existing 
social network analysis among the actors or related stakeholders. Within the network, we can find 
various conflicts of interest among the actor which become a barrier to the development of citizen 
initiatives. By recognizing this issue, it can help policy maker and future initiative to mitigate 
possible risk as an obstacle in institutionalizing enabling condition for social innovation. This study 
suggests that the research gaps on policy and government support based on those three stages: 
social network, conflict-barrier, and institutionalization.

In short, there is a possibility to combine above-mentioned preferences with its existing research 
gaps as a strategy for the project direction. It can be started by focusing on one of the drivers of 
systemic change, which is building communities by increasing their participation. This focus can 
be implemented in in two types of existing citizen energy initiatives which are energy cooperatives 
and sustainable consumption initiatives. It also requires study of its related policy and governance 
support, to create complete enabling conditions to facilitate social innovation in renewable energy 
transition. In the wider level, currently there is lack of overview among social innovation projects. 
Therefore, a cross-case comparison of different projects and exchange experience among them 
are necessary.

5. Conclusions and Recommendations
To support social innovation in the energy transition, it is necessary to emphasize the involvement 



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 351

and role of citizens within the renewable-energy initiatives. The citizen energy initiatives work as 
key enabling conditions that facilitate social innovation in the energy sector. Our findings argue that 
one of enabling conditions is linked to the thought that a sense of ownership by making citizens 
part of the solution. It can be done by increasing citizen participation in existing citizen energy 
initiatives and stimulating policy and governance arrangements that can support the participation. 
It triggers the systemic change that supports willingness of people to change behavior, become 
involved, and continue to remain in renewable-energy projects. To get to this point, this is a list of 
recommendations for energy actors in Indonesia:

• To approach the social innovation topic through combining research and practice in one 
project, such as; (community-based) participatory action research, applied research or 
citizen science

• The topic of the project can focus on increasing community participation in existing citizen 
energy initiatives such as energy cooperatives and sustainable energy consumption 
projects.

• To include study of policy and governance support to stimulate community participation in 
the citizen energy initiatives

• To be aware of the different local context in designing the project and ultimately in running 
the project, and to provide policy advice on this issue.

• To include local actors and the possibility for transfer of experiences with different countries.
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Abstract. National energy and electricity fulfillment is still dominated by fossil energy sources 
such as coal, petroleum and natural gas which is 94% while the utilization of new and 
renewable energy sources (NRE) is still very small (6%). The use of high fossil energy sources 
will affect its availability so that it can threaten energy security. In addition, the burning of fossil 
energy sources has a negative effect on the environment because it produces CO2 emissions. 
Therefore, it requires exploring new and renewable energy sources sustainable to reduce 
fossil energy consumption. This paper presents the development of fuel cell technology for 
national electricity in order to improve national energy security. The purpose of this paper is 
to analyze the cost and benefit of the development of fuel cell technology that can be applied 
effectively and efficiently in Indonesia, especially for electricity in border and remote areas. 
Cost and benefit analysis method is chosen because it is considered appropriate to know 
the potential of fuel cell technology as a whole, especially from technical, infrastructure and 
economy aspects. The results of this cost-benefit analysis are the availability of abundant and 
renewable raw materials, the many types of fuel cells to produce hydrogen gas, environmentally 
friendly technology, increase the national electrification ratio and high investment cost. The 
general conclusion of this paper is to give information that fuel cell technology can be a source 
of renewable energy that must be mastered as the base of the economy.
Keywords: Energy; Renewable Energy, Electricity, Fuel Cell, Cost Benefit Analysis.

1. Introduction
Indonesia is one of the world’s oil-producing countries where petroleum reserves exist throughout 
the region in Indonesia. Coal, oil, and natural gas are the type of fossil fuels energy that had been 
explored until now. Our high dependency on coal, oil, and natural gas will give result in reducing 
the reserves that are still stored beneath the earth’s surface. Therefore, the government must  re-
organize the production of energy sources in Indonesia so that the energy reserves do not reach 
the minimum number of Energy International Agency standard, which is 90 days energy reserves. 
In addition to fossil energy reserves that are beginning to decrease, fossil energy production and 
cultivation processes tend to give a negative impact on the environment with the presence of 
waste. One example is CO2 gas due to coal processing which results in greenhouse gases. One 
of the solutions for this problem is by developing a new energy source and making that energy 
form as one of the primary energy sources.

Energy is a primary needed for a country and energy consumption will increase along with 
the human growth in the country. The definition of energy according to KBBI (Big Indonesian 
Dictionary) is the ability to do work; power that can be used to do various process activities, 
for example, can be the part of a material or not bound to the material. Meanwhile, according 
to Government Regulation of the Republic of Indonesia (hereafter, PP RI) No. 79 year 2014 
regarding “National Energy Policy,” energy is defined as the ability to do work that can be heated, 
lighted, mechanized, chemistry and electromagnetic. As stipulated in the National Energy Policy, 
Indonesia needs to focus on energy management by increasing the national energy mixture in 
new and renewable energy (hereafter, NRE) portions and reducing the portion of fossil energies 
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which are coal, oil, and natural gas. One of the energy management purposes is to enhance 
the awareness of the NRE utilization and reach the energy independence as a form of national 
development.

During 21st century until now, there are a lot of researchers on NRE, and even many countries 
in this world are applying renewable energy as their primary energy sources. NRE itself is a 
source of energy which derived from sustainable natural processes. Indonesia has abundant 
of natural resources that capable of being processed into NRE sources. NRE is the energy 
through the production process and during its management does not generate harmful waste to 
the environment. That’s why NRE usually was known as clean energy. The government’s goal 
of developing NRE is to increase energy diversification and electrification ratio in Indonesia. 
Government of Indonesia has set the portion of primary energy mixture in 2025 by 23% of NRE, 
30% of coal, 25% of oil and 22% of natural gas while the utilization of NRE under the portion of 
primary energy mixture in 2050 is expected to be increased up to 31% with the result is national 
electrification ratio close to 100% by 2020 (PP No. 79 the year 2014). According to the Directorate 
General of New Renewable Energy and Energy Conservation under Ministry of Energy and 
Mineral Resources (hereafter, EBTKE), Indonesia has reached 6% of the utilization of NRE and 
improved 11% of electricity generated in 2017 (Hutapea,2016). This achievement is not in line 
with the expectation. 

The development of NRE including natural resources for energy and electricity has alluded in 
several regulations that were stipulated through Regulation (hereafter, UU) No. 30 the year 
2007 regarding energy and UU No. 30 the year 2009 regarding electricity. UU No. 30 the year 
2007 Chapter I mentioned that hydrogen is a new energy source with new technology that 
must be mastered as the base of the economy. Hydrogen is secondary energy as fuel for fuel 
cell technology that is very suitable to be applied to transportation and power plants especially 
in border and remote areas. The potential for the availability of raw materials in Indonesia to 
produce hydrogen is enormous, but the development of fuel cell technology is still poor because 
the government does not give more attention to this technology. The researchers that have been 
conducted by researchers only explore engineering and infrastructure aspects.

One of the NRE types that should be developed is a fuel cell. According to Hasan (2007) fuel 
cell is an electrochemical system that converts chemical energy from hydrogen and oxygen 
into electrical energy. Fuel cells have high efficiency if compare with other technology such gas 
turbine and can convert up to 75% of energy in the natural fuel. Fuel cells have some more 
conventional technology-based burning’s advantages that currently used in many power plants 
and public transport. This NRE system does not deliver emissions at the time of operation, 
including greenhouse gases and air pollution that cause various health problems (Shalahuddin, 
2014). A fuel cell is pledge energy from, even industrialists and researchers that involved in its 
development say that this fuel cell is something that carries about a change in the future.

2. Previous Studies
There have been many studies conducted on fuel cells, even in the other countries this new 
energy has been widely developed and applied to the community in the form of transportation 
and energy sources of electricity. But in Indonesia, the development of fuel cell is still so little, 
but already a lot of research that has been done in Indonesia. A fuel cell is a new type of energy 
that does have initial production costs and maintenance is quite expensive, but promising for the 
future. In addition, the development of NRE is a priority in national energy policy in PP RI No. 
79 the year 2014. This is done to improve the energy mixture and national electrification ratio. A 
fuel cell as a new energy form is diversification of energy that intended for security and energy 
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independence in Indonesia.

A fuel cell is one way out of various existing obstacles, that is the processing of energy by the 
electricity-chemicals way, using hydrogen as fuel and oxygen as the burner. The experiments and 
studies that have been conducted since the mid-20th century have given quite a lot of positive 
feedback, so it can be stated that the fuel cell will give hope to this new century. Fuel cells are 
a technology that will be the future in processing certain fuels into energy needed to drive a 
variety of equipment. The basic principle of a fuel cell is electric-chemical combustion; this cell will 
produce direct current electric energy and consists of electrolytes that separate the cathode from 
the anode. Fuel cells as energy producers have several advantages over conventional driving 
motors such as lower pollution, higher efficiency, longer life, easier and lighter maintenance 
(Suhada, 2001).

The fuel cell technology promises a power plant that is free from air pollution and irradiated waste. 
This technology will gradually compete because there is a very strong tendency that the price 
and the energy density can compete with the fuel or nuclear power plants though. The first fuel 
cell technology was invented by Sir William Robert Grove in 1893, where he demonstrated the 
breakdown of steam into hydrogen and oxygen by heating a catalyst such as platinum. A fuel cell 
as alternative energy seems to be an energy generator in the automotive world and will probably 
compete even shift three conventional energy choices, such as internal combustion engines, 
rechargeable battery engines, and hybrid engines. Due to the high fuel cell efficiency, the use 
of gas can be more efficient, so the age of gas usage is estimated to be extended until 2060. In 
addition, Indonesia has a considerable amount of raw material and complete enough to be used 
in developing and improving fuel cell technology (Hasan, 2007). According to Hariyanto (2009) 
some of the initial considerations that can be used as the basis for the development of fuel cells 
in Indonesia are as follows:

• Human resource capability;
• The development of material technology;
• Availability of natural resources; and
• The appropriate direction of market and market potential (for stationary power 

generation or for transportation).

According to Sudaryono (2014) fuel cell is an electrochemical device that converts chemical 
energy into electrical energy. Fuel cells will continue to provide electrical energy as long as 
continuous hydrogen is channeled to it. So the voltage generated by the fuel cell will not be 
discharged as long as the hydrogen fuel still exists, unlike the battery which may be discharged 
when the ingredients which participate in the electrochemical reaction run out. Fuel cells can be 
used as a source of energy for various purposes ranging from portable equipment, transportation 
and stationary. Fuel cells can be used anywhere from home appliances to cell phones, and future 
fuel cell markets include for portable, transportation and stationary sectors. There are various 
types of fuel cells depending on the electrolyte. Here are all kinds of fuel cell:

a. Polymer Electrolyte Membrane Fuel Cell (PEMFC)
This type of fuel cell uses the membrane as its electrolyte, and the fuel is hydrogen. Its 
working area is about 30ºC - 100ºC. According to Carrette et al. (2001) in Feroldi and 
Basualdo (2012). The main advantage of PEM fuel cells is their high efficiency compared 
with other energy conversion devices. This allows the efficiency of a fuel cell vehicle using 
direct-hydrogen FC to be twice that in a gasoline vehicle [(Rajashekara, 2000) and (Jeong 
& Oh, 2002)]. Thus, an FC vehicle will be working mostly at high efficiencies. At the same 
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time, using direct hydrogen FC, the local emissions problem in densely urban areas can 
be eliminated (Feroldi and Basualdo, 2012). Another important advantage of PEMFC, in 
contrast to other types of fuel cells, is the low operation temperature (below 80◦C) (EG & 
G Technical Services Inc, 2002), allowing to reach the operation point quickly. In addition, 
the cost of the materials is smaller than for the high-temperature fuel cells (except the 
catalyst, which is based on platinum) and their operation is safer. All these characteristics 
turn PEMFC particularly appropriate for applications in vehicles. Nevertheless, it is 
necessary to use better, and more economical, catalyst so that the reaction occurs at lower 
temperatures. The main disadvantage of fuel cells is their high cost and the high production 
cost of hydrogen (Feroldi and Basualdo, 2012).

b. Direct Methanol Fuel Cell (DMFC)
Just like PEMFC, DMFC uses methanol as fuel. The working area is about 20 ºC - 90 ºC. 
According to Sajgure et al (2016) direct methanol fuel cell (DMFC) is derived from the 
polymer electrolyte fuel cell (PEFC) by the anode reactant. In PEFC’s gaseous hydrogen  
is replaced by methanol and water to obtain DMFC’s. In today’s world there are many 
limitations to the capacity of batteries thus DMFC’s can be alternative power source 
replacing present  power  sources. Nirmal   Ramakrishna   Joshi (2014) said that application  
of  DMFC’s  in the portable  power  source  and  in  hybrid  electric  vehicles had   been   
investigated. There  are essentially  three  main  types  of  applications for  fuel  cells.  Fuel  
cells  are  well known  for  being  an alternative  to  the  internal  combustion  engines  but  
are also considered for portable and stationary applications. The design of DMFC fuel cells 
is comparatively compact  making  the  size  small  and  reducing  the  weight.  Thus, they 
can be easily ported from one place to another (Sajgure et al., 2016).

c. Phosphoric Acid Fuel Cell (PAFC)
This type of fuel cell uses liquid phosphoric acid as its electrolyte, and its fuel is hydrogen. 
Its working area is about 200 ºC; the expelled water can be converted to steam for air and 
water heating (combined heat and power). Its potentially allows efficiency increases of up 
to 70% (energycenter.org). PAFC have been used for stationary power generators with 
output in the 100 kW to 400 kW range and are also finding application in large vehicles 
such as buses (fuelcelltoday.com).

d. Molten Carbonate Fuel Cell (MCFC)
This type of fuel cell uses molten with a mixture of lithium, sodium and potassium carbonate 
as the electrolyte and the fuel is hydrogen. According to Tomczyk (2006) in Rexed (2014) 
MCFC operating in a temperature range of 580-700 ºC. The operating  temperature interval  
is  limited  by  the poor conductivity  of  the  electrolyte  at  lower  temperatures, and  by  
accelerated  corrosion  and electrolyte  vaporization  at  higher temperatures. A principal  
advantage of high-temperature fuel cells is the use of cheap non-noble catalysts for the 
electrode material. The theoretical efficiency of MCFC is high, >60% electrical efficiency 
and 90% thermal efficiency. In practice, commercial systems have demonstrated an 
electrical efficiency of  45-55% (Farooque & Maru, 2006). The high quality waste heat of 
the MCFC can be utilized for combined  heat and power operation (CHP) (Hengeveld & 
Revankar, 2007), or for cogeneration, such as steam-(ST) (Varbanov et al, 2006) or gas-
turbine (GT) (Greppi et al, 2009) combined cycles in which overall electrical efficiencies of 
60-70% may be reached.

e. Solid Oxide Fuel Cell (SOFC)
This type of fuel cell uses the ceramic material as its electrolyte and its fuel is hydrogen. It 
works around 500 ºC - 1000 ºC. SOFC is a device that generates electricity directly from 
oxidizing a fuel. It is used for its high efficiency (60%), durability, low cost, fuel flexibility, 
and low emissions. The main  issue  of  SOFC  is  the  high  operating  temperature  that  
influences negatively  the performance  of  the  device. SOFC also will help them not 
only reduce the cost of energy which will directly decrease the bills but, the result will 
give a clean and efficient source of energy for the citizens. Also, when transforming fuel 
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to electricity, SOFC has an efficiency of over 60%. As for the economical factor, SOFC 
mainly uses natural resources to generate energy which will decrease the price of power 
consumption and therefore helps with the economic growth of the country. The use of 
SOFC as electricity generator that depends mainly on the natural gas is one of the eco-
friendly electrical generators. SOFC promise a high efficiency for very low emissions 
(Jazouli, 2016).

While the advantages and disadvantages of fuel cell that is:

a. Advantages
• Has potential for high operating efficiency;
• Simple so that the reliability is high and the system is durable;
• Operation is quiet because there are no moving parts;
• Low emissions;
• Good vehicle performance;
• The number of hydrogen sources in Indonesia that can be used in fuel cells;
• No need to be refilled; and
• Maintenance is low because it has no moving parts.

b. Deficiency
• Cost is expensive because of its materials with certain properties;
• Sensitive to foreign substances contamination;
• Clotting, if used in areas where the temperature falls to freezing because these 

vehicles have water at risk, can freeze;
• New, cost-efficient technologies which are not yet available;
• There is no infrastructure; and
• Production of hydrogen from coal or oil and natural gas will produce pollution.

3. Methodology and Analysis

3.1 Cost Analysis
As mentioned in the introduction that one of the solutions to reach 100% electrification ratio is to 
provide electricity in the remote and border areas. The most suitable fuel cell technology for remote 
and border areas is proton exchange membrane fuel cell (hereafter, PEMFC). Economically, 
knowing the investment financing scheme will help to understand whether the investment is 
attractive or not. The parameters used in the determination of investment financing scheme are 
total capital investment, internal rate of return and payback period. Below are the calculations of 
PEMFC technology investment financing schemes as a power-based system.

a. Technical Data Information

The table below informs the technical data information that consists of the capacity power 
generation of the fuel cell, electricity generation, fuel consumption, electricity price, etc.
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Table 1. Technical Data Information

No Technical Data Unit Value Source

A.1. Fuel Cell Capacity kW 5
A.2. Operating hours hour/year 8,760 Calculation (365 days * 24 hour/

day)
A.3. Average PEMFC 

Efficiency
% 33.9% http://tsrc.berkeley.edu/sites/

default/files/Lipman_FC_2004.pdf 
accessed on 10 November 2017

A.4. Electricity Generation kWh/y 14,848 Calculation (5 kW * 33.9% * 8,760 
h/y) 

A.5. Electricity price USD/kWh 0.10 http://listrik.org/pln/tarif-dasar-
listrik-pln/ accessed on 11 October 
2017

A.6. Hydrogen Gas Price USD/GJ 4 http://tsrc.berkeley.edu/sites/
default/files/Lipman_FC_2004.pdf 
accessed on 10 November 2017

A.7. Hydrogen Gas Used GJ/yr 111 http://tsrc.berkeley.edu/sites/
default/files/Lipman_FC_2004.pdf 
accessed on 10 November 2017

A.8. Hydrogen Gas Cost USD /yr 444 Calculation
A.9. Tax % 1% Government Regulation No. 46 

the year 2013
A.8. Inflation % 5% Assumption
A.9. Depreciation Year 10 Straight line
A.10. Debt USD 13,469 Calculation (70% * Total CAPEX) 
A.11. Equity USD 5,772 Calculation (30% * Total CAPEX)
A.12. Interest Rate % 12% Assumption
A.13. Period Year 10 Assumption
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b. Assumption of Investment Cost

The total capital investment for gasifier as the power based system is USD 19,241.

Table 2. Total Capital Investment

No Assumption Of 
Investment Cost

Unit Value Source

B.1. Fuel Cell System 
Cost (Pemfc 5 
kW)

Usd 19,141 Http://Www.Fuelcellstore.
Com/Horizon-5000watt-Fuel-
Cell-H-5000 Accessed 10 
November 2017

B.2. Fuel Cell 
Installation Cost 
(Pemfc 5 kW)

Usd 100 Http://Tsrc.Berkeley.Edu/Sites/
Default/Files/Lipman_Fc_2004.
Pdf Accessed 10 November 
2017

Total Capex Usd 19,241 Calculation

c. Operation and Maintenance (O&M) Cost 

Total O & M cost for gasifier as the power based system is USD 70.

Table 3. Total O & M Cost

No Assumption Of 
Investment Cost

Unit Value Source

C.1. O & M Cost Usd/Yr 70 Http://Tsrc.Berkeley.Edu/Sites/
Default/Files/Lipman_Fc_2004.
Pdf Accessed 10 November 2017

Total O&M Cost Usd 70 Calculation

d. Installment Payment 

The calculation of installment:

The calculation of installment = 
 

  












10,12  1

12,0112,013,469 USD 10

10

 = USD 2,384 
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Table 4. Installment Payment

Year

Beginning 

(A)

Interest

(B)

Total Debt

(C = (A + B))

Installment

(D)

Ending

(E = C – D)

USD

2017

13,469

0 0 0 13,469

2018 13,469 1,616 15,085 2,384 12,701

2019 12,701 1,524 14,225 2,384 11,842

2020 11,842 1,421 13,263 2,384 10,879

2021 10,879 1,305 12,184 2,384 9,801

2022 9,801 1,176 10,977 2,384 8,593

2023 8,593 1,031 9,624 2,384 7,240

2024 7,240 869 8,109 2,384 5,725

2025 5,725 687 6,412 2,384 4,029

2026 4,029 483 4,512 2,384 2,128

2027 2,128 255 2,384 2,384 0
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e. Internal Rate of Return (IRR) and Payback Period

The calculation obtains 5% of IRR with payback period 14.2 years.

Table 5. Investment Financing Scheme Overall

Year Cost 
save from 
Electricity 

(USD)

FFuel 
Price 
(USD)

Capex

Opera-
tion & 

Mainte-
nance 
Costs 
(USD)

EBIT 
(USD)

Depre-
ciation 
(USD)

Invest-
ment 

payment 
(USD)

EBT 
(USD)

In-
come 
Tax 

(USD)

Net 
Cash 
Flows 
(USD)

0 2017 -19,241 -19,241

1 2018 1,485 444 70 971 148 1,616 -794 0 971

2 2019 1,559 466 74 1,019 148 1,524 -653 0 1,019

3 2020 1,637 490 77 1,070 148 1,421 -499 0 1,070

4 2021 1,719 514 81 1,124 148 1,305 -330 0 1,124

5 2022 1,805 540 85 1,180 148 1,176 -145 0 1,180 

6 2023 1,895 567 89 1,239 148 1,031 59 1 1,238

7 2024 1,990 595 94 1,301 148 869 284 3 1,298

8 2025 2,089 625 98 1,366 148 687 531 5 1,361

9 2026 2,194 656 103 1,434 148 483 802 8 1,426

10 2027 2,303 689 109 1,506 148 255 1,102 11 1,495

11 2028 2,419 723 114 1,581 1,581 16 1,566

12 2039 2,540 759 120 1,660 1,660 17 1,644

13 2030 2,667 797 126 1,743 1,743 17 1,726

14 2031 2,800 837 132 1,831 1,831 18 1,812

15 2032 2,940 879 139 1,922 1,922 19 1,903

16 2033 3,087 923 146 2,018 2,018 20 1,998

17 2034 3,241 969 153 2,119 2,119 21 2,098

18 2035 3,403 1,018 160 2,225 2,225 22 2,203

19 2036 3,573 1,069 168 2,336 2,336 23 2,313

20 2037 3,752 1,122 177 2,453 2,453 25 2,429

According to the calculation of PEMFC 5kW investment financing scheme above, it shows that 
investment on PEMFC is not feasible and unattractive because IRR of 5% is lower than the interest 
rate of 12%. This is because the electricity price is used the PLN’s tariff without considering the 
cost according to the electricity production cost from PEMFC. 
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3.2 Benefit Analysis
The utilization of fuel cell technology will deliver direct, indirect and related benefits. Fuel cell 
technology considers as clean and friendly environment technologies. The table below is the 
benefits analysis of fuel cell.

Table 6. Benefit Analysis of Fuel Cell Technology

Indicator Fuel Cell Technology

Direct Benefit o Fuel cell has higher efficiency than diesel or gas engines;

o The operating of fuel cell does not generate noise pollution therefore ideally 
suited for use within buildings such as hospitals.

o The raw material for a fuel cell can be obtained from other sources such as 
methanol, water, etc. So that, it can reduce economic dependence on oil-produc-
ing countries and will give good contribution to the energy security for the user 
nation;

o The hydrogen gas can be mobilized, stored and transported. Moreover, the ener-
gy final which is electricity can be distributed and does not have to be grid-de-
pendent or other words it can be allowed for a decentralized power grid that is 
potentially more stable;

o The maintenance of fuel cells is simple since there are few moving parts in the 
system;

o Fuel cell technology generates electricity that could be utilized by the community 
in the remote and border areas as a portable power supply.

o Fuel cell technology can replace the usage fossil fuel on vehicle; and

o Hydrogen gas can be produced anywhere and with various of the source of 
power.

Indirect Benefit o Clean technology;

o Zero pollutant electrical energy source;

o Zero-emission power system based because this technology can eliminate 
greenhouse gas emissions;

o The condition of temperature fuel cells (PEMFC, DMFC) is low so it makes them 
ideal for military applications; and

o For the higher temperature fuel cells produce high-grade process heat along 
with electricity, so it is well suited to cogeneration applications.

Related Benefit o Fuel cell technology can be applied to the industrial production by changing the 
current machinery and supplies; and

o The utilization of fuel cell technology opens up new market for clean energy 
which leads towards more job opportunity and more experts in the future.
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National energy and electricity fulfillment is still dominated by fossil energy sources such as coal, 
petroleum and natural gas which is 94% while the utilization of new and renewable energy source 
(NRE) is still very small (6%). The use of high fossil energy sources will affect the availability 
so that it can threaten energy security. According to National Energy Council (2015), the total 
domestic electricity consumption reached 188 terawatt hour (TWh) in 2013 increased by about 
40% from 2009. Electricity consumption is estimated to increase to 287 TWh in 2018 and 386 TWh 
in 2022 with an average population growth of 8,3% per year. The average national electrification 
ratio has reached 82.4% status up to August 2014, increase from 67% in 2010. However, the 
electrification ratio of each region varies, among others, the level of people’s accessibility to 
electricity infrastructure. The regions with the highest electrification ratio are in Jakarta which 
is almost 100%, while some areas with electrification ratio are still low, such as 67.4% in West 
Sulawesi, 57.9% in East Nusa Tenggara and 37.5% in Papua. With regard to fuel for power 
generation, coal supplies 52% of total power generation in 2013, followed by natural gas (24%), 
oil fuel (13%), hydro (8%) and geothermal (4%).

The national electrification ratio that has not reached 100% is certainly a task that as well as 
a challenge for the Government to meet the national electrification ratio, especially for remote 
and border areas. One of the factors has did not reached the electrification ratio due to the 
unavailability of transmission lines for remote and border areas. Fuel cells will be one of the 
promising options to overcome these factors because the fuel cell will be built in the area of   need 
without the need for transmission lines. In addition to being a source of electricity, the fuel cell will 
be able to replace the oil-fueled transport with electric-fuel transportation that the sourced from 
the fuel cell. Fuel cells do not require fuel so that this technology will make the transportation 
more efficient and certainly do not generate any residual damage to the environment. This will 
be in line with the Government’s program on reducing greenhouse gas emissions because the 
Implementation Report of Presidential Regulation 61/2011 regarding Greenhouse Gas Emissions 
Reduction Action Plan stated that there are 5 priority sectors in reducing greenhouse gas 
emissions, namely forestry and peatlands, agriculture, energy and transportation, industry and 
waste. The GHG emissions reduction are expected to be reduced 26% in 2020 is the focus of 
the policy of National Medium Term Development Plan 2015-2020. According to National Energy 
Council (2015), CO2 emissions have increased rapidly over the last decade, if the Government 
does not take action then projected emissions from activities related to energy use increase by 
more than 6% or about 700 Mt CO2 by 2022. Nearly 53% of CO2 emissions derived from the 
burning of fuel oil, the rest from coal (28.6%) and natural gas (18.3%). From that data, it is seen 
that the importance of environmentally friendly energy sources so that the Government program 
in reducing greenhouse gas emissions runs smoothly. One of the NRE that fulfills the program 
is a fuel cell, in addition to environmentally friendly and very potential to increase the national 
electrification ratio with good management, but also a source of energy that is promising in the 
long term. This renewable energy diversification will support national energy independence and 
security because in the future fuel cell is not only used as a source of electricity but also used in 
the field of transportation even in the field of national defense.

4. Conclusion
1. The investment cost of fuel cell technology especially PEMFC of 5 kW is considered high. 

It needs research to find the best performance such as research on the materials, weight, 
cost and corrosion stability;

2. The fuel cell type PEMFC is the most suitable technology to provide electricity especially in 
the remote and border areas;
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3. The fuel cell technology is applicable for power based system and transportation;
4. Fuel cell technology is the future energy for the vehicle to replace the usage of fossil fuel.
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Abstract. The declining availability of conventional energy in Indonesia is not in line with 
current national energy needs. The increasing energy demand in each of these years has 
caused Indonesia to be at the threshold of the national energy crisis. The right effort in 
overcoming national energy security at this time, one of which is the utilization of Coal Bed 
Methane (CBM) which is non-conventional renewable energy. Coal Bed Methane (CBM) is 
a product associated with coal producing methane (CH4) and trapped in coal. This methane 
gas can be used as renewable energy, prolonged, and environmentally friendly. Indonesia 
itself is a country with the biggest CBM potential in Southeast Asia, and ranked sixth in the 
world. With the wealth of these natural resources, then it should be developed into sustainable 
energy in Indonesia which is a developing country. With appropriate energy development 
planning, it definitely can overcome the socio-economic problems of the community, 
especially in improving the economy and national energy security, and can be used as an 
asset for international competition in the energy field. Viewed from the geological conditions 
in Indonesia, the abundance of Coal Bed Methane (CBM) potential is due to the spread of 
coal in Indonesia which is on average in Bituminous to Sub-Bituminous ages then making it a 
suitable habitat for this natural gas abundance. We made our paper-based research methods 
using a data analysis approach from pre-existing research, as well as by reviewing the socio-
economic situation of today’s society, especially about energy needs, so that it becomes a 
reference for us in making the design of this energy utilization is for some period.
Keywords: coal bed methane; conventional; non-conventional; Bituminous; Sub-Bituminous

1. Introduction 
The need for energy is a basic fundamental needed in building a State. Especially with the rapidly 
growing development in the field of industry and technology, causing energy to become the basal 
component and the successor key to the existence of a State in the facing global competition. 
Also, with the demand for energy needs for the people, also a problem that needs to be solved to 
maintain energy security of a State. However, this is not comparable with the current availability 
of energy supply, especially the fossil energy that continues to decline in every year due to delays 
in exploration activities and the impact of world geopolitical competition. These cause Indonesia 
to experience a national energy security crisis viewed from active Indonesia as a net-importer of 
oil and gas that incriminates state budget funds every year. It is a challenge to raise awareness 
and effort in providing innovation to the development of the State, through the potential of other 
energy that is naturally owned by Indonesia. This form of energy must have properties such as 
prolonged, has the potential to be developed, has a selling point, and environmentally friendly. 
One of the ideal forms of future energy is Coal Bed Methane (CBM) which is non-conventional 
energy. Coal Bed Methane (CBM) is a form of natural gas in the form of methane gas (CH4) 
formed in coal seams. Viewed from the geological condition, Indonesia is a suitable country as 
a habitat for the formation of coal which stores the CBM gas content. It is also evidenced by 
previous studies that state that Indonesia is the 6th largest country in the world as a country that 
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has the potential to contain coalbed methane. Also, with the mapping of deployment of coal bed 
methane in Indonesia and other supporting data, this has led to the fact that the energy has great 
potential to be developed.

Figure 1. Map of CBM Potential Distribution in Indonesia (ARI, 2003)

Obviously, this can only work if the design model and strategic assessment are right in managing 
the energy potential. In addition to the presence of coalbed methane as non-conventional energy, 
it is hoped that the future of this energy use can change Indonesia’s paradigm and dependence 
on fossil energy now. So it can be a real solution in overcoming various problems related to 
national energy security and become an asset for global competition. 

2. Result and Discussion
CBM is a source of economically stored methane and formed in coal seams. Methane, primary 
biogenic and thermogenic types present in coal are produced from coalification. Coalification is a 
process of converting peat into coal during burial.

The gas stored in coal is contained in four ways. First as free gas in micropores and coal cracks 
(cleats). Secondly as a dissolved gas in water contained in coal. Third as gas absorbed between 
coal particles, micropore, and fracture surface. Fourth as the gas is absorbed in the molecular 
structure of coal (Yee et al., 1993 in Montgomery, 1999).

Gas in coal is formed since the process of coalification, is the process of converting organic 
material into peat, lignite, sub-bituminous, bituminous to anthracite, as a result of pressure and 
temperature. The brewing process will produce carbon-rich coal by freeing up some major flying 
substances, CH4, CO2, and water. The gases are formed rapidly since the rank of coal reaches high 
volatile bituminous until it reaches its peak in low bituminous (Ro = 1.6%).
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Figure 2. CBM production principle (sekitan no hon, page 109)

In the coal seam, there are many fractures (cleats), which are formed when the process of 
coalification occurs. Through that fracture water and gas flowing in the coal seams. The part in 
the coal surrounded by fractures is called the matrix (coal matrix), the place where most CBM 
attaches to the pores contained in it. Thus, coal seams on CBM exploration targets in addition to 
their role as reservoirs, also act as source rock.

Figure 3. CBM establishment  (sekitan no hon, page 109)
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Based on Advance Resource International Inc. research (ARI) together with the Directorate 
General of Oil and Gas has a potential reserve of 453 trillion cubic feet (TCF) divided into 11 
(eleven) basins of Sumatra, Kalimantan, Java, and Sulawesi. These make Indonesia as the 
largest CBM producer in Southeast Asia and ranked sixth in the world. The production of CBM as 
renewable energy can be used as a substitute for petroleum and is projected to stabilize the need 
for an energy source in Indonesia especially for remote areas. The potential of CBM in Indonesia 
has technical superiority to be developed, due to the relative availability of CBM in shallow areas 
(500-4500 meters below surface).

Figure 4. Potential of CBM Reserves in Indonesia (ARI, 2003)

CBM can exit (desorption) from the matrix by fracture, by lowering the water pressure on the 
target layer. The relationship between the quantity of CBM stored in the matrix until the pressure 
is called the Langmuir Isotherm curve (the process is at a constant temperature for pressure 
changes). To obtain CBM, production wells are made by drilling from the ground up to the target 
coal seams. Because in the soil itself coal seams are subjected to high pressure, then a pressure 
drop effect will occur when the groundwater around the coal seams is pumped (dewatering) 
upward. It will cause methane gas to be released from the coal layer that traps it, and will then 
flow to the ground through the production well. In addition to gas, water in large quantities will also 
come out in this production process.

Regarding the formation of CBM, then based on research of organic geoscience by using stable 
isotope carbon numbered in period 13, it can be seen that there are two types of pattern formation. 
Most of the CBM is a gas formed when there is a chemical change in coal due to the influence 
of heat, which takes place in the depth of the soil. It is called the thermogenesis process. As for 
CBM in the brown coal (lignite) layer found in depth less than 200m, methane gas formed by 
microorganism activity residing in an anaerobic environment. The activity is called the biogenesis 
process. Whether formed by thermogenesis or biogenesis, the gas trapped in the coal seam is 
called CBM.

The quantity of CBM is closely related to the rank of coal, which increases in quantity from peat 
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to volatile bituminous medium, then decreases to anthracite. Of course the quantity of gas will be 
more if the coal layer gets thicker.

From the research of Steven and Hadiyanto, 2005, (IAGI special publication) there are 11 coal 
basins in Indonesia which have CBM, with four big order reserves as follows: 1. Sumsel (183 
Tcf), 2. Barito (101.6 Tcf) , 3. Kutai (80.4 Tcf), 4. Sum-Middle (52.5 Tcf). In other words, the CBM 
resource in South Sumatera is equal to the total (conventional) gas reserves in Indonesia.

Related to the potential of this CBM, there are two interesting things to note: First, if there is a 
conventional gas reservoir (sandstone) and CBM (coal) reservoir at the same depth, pressure, 
and rock volume, the CBM volume can reach 3-6 times more than conventional gas. In other 
words, CBM attracts quantity.

Second, the principle contained CBM is adsorption on coal matrix, so regarding exploration, 
success factor is high because CBM can be found in anticline or syncline. It can easily be said 
that there is no CBM coal.

In assessing the potential of coalbed gas (CBG) in a region, making an Isorank map showing the 
lateral variation of the rank of a coal seam will be very useful for localizing the target area. The gas 
content formed is closely related to the temperature and rank of coal as shown below.

It can be seen clearly that low-rank coal has a considerable amount of methane (CH4) gas. Also, 
medium-rated volatile bituminous and low volatile bituminous coals also have large methane 
content. The coal with a high volatile bituminous rating has a greater CO2 content than its 
methane content.

There is a comparison with other major countries that have developed CBM such as In America, 
CBM is produced from various rank coal (anthracite, bituminous, and sub bituminous) spread 
over 12 basins. While in Canada In this country bituminous and sub-bituminous coals aged Yura 
and Tertiary are considered to contain potential CBM resources.

Figure 5. The world potential of  CBM (ARI, 2003)
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While in China they apply strategies to manage CBM potentials, in which the Chinese Government 
offers a number of fiscal incentives to encourage foreign involvement in GMB development such 
as import tax exemption; there is a tax holiday (not taxed) for 2 years, and a value-added tax of 
5% after the commencement of gas production. Also, GMB prices in China are also not specified 
by the state.

In the output component of CBM can be used as a product of Liquid Natural Gas (LNG). This 
product is carried out by packing the methane gas produced into the gas storage tubes so that 
the gases stored in the tube can be distributed elsewhere. The LNG can be used, among others, 
as household fuel, the power for PLTGU (Gas and Steam Power Plant), besides currently some 
world-renowned companies in the automotive sector are in need of a supply of energy that 
supports as a substitute for fossil fuels for its engines.

3. Conclusion
Energy utilization in Indonesia is still highly dependent on fossil energy, and every year public 
consumption keeps increasing about 8% per year (skk oil and gas). While fossil energy production 
is declining because of its diminishing resources and lack of exploration activities, it is necessary 
to support energy in the form of renewable energy and environmentally friendly energy such as 
Coal Bed Methane which utilizes methane gas produced from coal.

CBM (Coal Bed Methane) in Indonesia is very potential due to the abundant coal resources 
with CBM 453 TCF reserves (Advanced Resources International, 2003), if managed and utilized 
properly CBM can be a national energy security solution of Indonesia and export commodities and 
can become Indonesia’s development capital in global competition. In this case, the government 
role is needed to create regulations that support the management of CBM (Coal Bed Methane).
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Abstract. The high dependence on oil and its impact on the economy have encouraged many 
countries to start eliminating or sharply reducing it. As an oil importer as well as oil and gas 
producer country, Indonesia seeks to do the same thing by eliminating fuel subsidies, shifting 
on gas, and developing the new and renewable energy. The fall of oil price changes the 
economic structures and policies and give an impact on the efforts of reducing oil dependence.
Using an econometric model of Indonesia’s energy that is constructed based on its energy 
balance model, this paper will examine factors that influence and determine the oil demand 
in Indonesia, make a projection of energy demands from 2017 to 2030 and simulates various 
alternative strategies to deal with oil dependency such as: increase the refinery capacity, the 
energy diversification on transportation sector by shifting from oil to gas. 
This paper suggests that sustainable energy security in Indonesia could be achieved by 
focusing earlier on the optimization of various energy resources which have already proven to 
support the economy and the energy consumption growth but not fully developed, while the 
oil production exhausted in the next decade.

1. Introduction
The issue of oil has always been in a debate. Its availability as a limited non-renewable resource; 
the carbon emissions resulted that provides a negative impact on the environment; while the 
world economy is highly dependent on oil. Many efforts are being made by various countries in 
the world to reduce the dependence on oil. European countries plan to become a carbon-free 
zone by boosting the use of a non-fossil source of power, US encourages clean-coal technology, 
hydrogen, and biofuel, India plans to switch to gas and LNG imports and pursue a nuclear power, 
and China plans to build more nuclear plants (Longmuir and Alhajj, 2007). But still, the world 
projection of oil demand until 2040 remain high and dominated by the transportation sector 
(Cordesman, 2015).  

As an oil importer as well as oil and gas producer country, this energy plays two roles in Indonesia’s 
government finance: as a source of revenue, and as spending for fuel subsidy and crude oil 
import. Its complexity appears beneath in the surface both when oil price is high or low. The fall 
of oil price since mid-2014 provides a big shock for the economy and petroleum industry in the 
world. The effects for Indonesia are: (1) higher consumer spending in response to lower fuel cost 
(due to the elimination of gasoline subsidies in 2014) while consumer will keep maintaining the 
spending due to high prices of imported goods and services (as a result of the falling Indonesian 
rupiah), (2) reducing government revenue from oil and gas sector - although the decline is highly 
correlated with its import dependences (Monaldi, 2015), (3) falling investment and employment 
in the energy sector considering that oil price is commonly used by companies as a basis for 
approving and developing projects that provide an advantage economies (Johnston, 2006), and 
(4) increasing investment in non-energy sectors which take an advantages from the lower of 
energy costs such as transportation and construction sector (Millington, 2016). 

Therefore, oil price uncertainty changed the economic, energy structures and policies and 
expected to have an impact on the efforts of reducing oil dependence. The purpose of this study 
is to present economy impacts on the Indonesia energy demand and oil dependence. Using an 
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econometric model of Indonesia’s energy that is constructed based on its energy balance model, 
this paper will examine factors that influence and determine the oil demand across all sector in 
Indonesia. Estimates of energy needs spanning in 14 years, starting in 2017 based on actual data 
from 1990-2016, and simulates two alternative strategies to deal with oil dependency: an increase 
the refinery capacity, and shifting oil fuel to natural gas in the transportation sector. 

The addition of refinery capacity was chosen as an alternative strategy to accommodate government 
regulation No.79/2014 on national energy policy in relation to the operational reserves wherein 
Indonesia’s fuel stock is corresponding to only less than 25 days’ worth of domestic consumption. 
Moreover, referred to India with a strategy of increased domestic crude production and became 
the refining hub in the world, Indonesia should also see that the refinery sector plays an important 
role in national energy security by ensuring the total fuel demand is comply from both domestic 
or import supplies. In 1985 Indonesia and India had the same refinery capacity of 867 thousand 
barrel per day (bpd), but Indian refinery industry is expanding faster to reach the current capacity 
of 5.3 million bpd, while Indonesia remains at 1.16 million bpd. Indonesia’s oil demand in 2016 is 
1.6 million bpd with the difference between the refinery capability, and the need is only 55%. The 
domestic crude production is about 800 thousand bpd and continues to decline. The application 
of new regulation of PSC gross split is expected to provide an attractive investment climate for the 
contractor so that there will be more reserves found and an oil production increases.

In a worldwide, transportation sector is the largest user of oil fuel. Some countries have started 
various alternative mechanism to reduce oil consumption in the transportation sector, such as 
(Fergusson et al, 2006): (1) the use of fuel-efficient vehicles by means of hybrid car technology 
development, (2) the use of alternative fuels, e.g. biofuels and compressed natural gas (CNG), 
(3) fuel efficiency in transport system with emphasis on public transportation and infrastructure, 
and (4) minimizing vehicles use to reduce the amount of fuel needed. As well as Indonesia 
which also made all these efforts, but its impact on national energy share remains low because 
only conducted in several major cities. Considering that Indonesia’s gas reserves in 2015 were 
150.4 TCF (101.54 TCF of proven reserves and 48.85 TCF of potential reserves), and half of 
its production is used for exports, hence maximizing the use of natural gas for transport sector 
is essential to conduct to reduce dependence on oil. Converting oil fuel to CNG is a common 
program in some countries, like in Iran, Thailand, Pakistan, Bangladesh, and China.

2. Methodology
This study developed Mardiana et al. (2013) previous study by adding research period data, from 
1990 to 2016 and adding some policy changes into the model. The research methodology was 
conducted in four stages:

a. Create an Indonesia’s energy balance model by modifying the IEA’s world energy 
model by including non-fossil energy (i.e., hydropower, geothermal, and biomass) 
into the model that reconciles the flow of energy supply, transformation, and the 
final demand which is disaggregate per sector of energy user and type of energy. 
Also, policy changes variables are included in the model. A total of 80 variables were 
included in 48 equations, consists of 26 behavioral equations and 22 identities.

b. Solve the model using simultaneous econometric approach, with employed two 
stages least square regression analysis. Testing the relationship and correlation 
among different variable in the economy, energy, and policy.  

c. Validate the estimated simultaneous equation resulted in the actual data by generating 
an ex-post forecast (Greene, 2008) from 2010 to 2016 to determine the model’s ability 
to predict the variable. The forecast will be evaluated regarding the accuracy and the 
ability to predict data changes, by using the Root mean percent error (RMSPE) and 
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Theil’s U (measure of forecasting quality) tests. A higher RMSPE and a lower Theil’s 
U indicate better performance in predicting turning points in the data.

d. Forecasting the baseline energy demand and simulates various alternative strategies 
to deal with oil dependency such as: increase the refinery capacity, and optimize 
the energy diversification on transportation sector from oil to gas, by changing 
the value of exogenous variables. Building baseline model assumption includes 
population growth, economic growth, energy price, policy, and regulatory changes. 
The population rate is assumed to fall for only 0.6% until 2030; the growth trend 
continues to decline along with the increasing public awareness of education, health, 
and prosperous family. Seeing economic growth in the last five years that tends to 
decline due to slowing global economic growth and current economic conditions, 
assumes that GDP growth is at the average of 5.4% per year until 2030. The energy 
price assumption was based on South East Asia Outlook by International Energy 
Agency (IEA) in 2015; the price is increases 1.2% per year for coal, 0.9% per year for 
gas, 2.3% per year for fuel.

Figure 1. The energy balance model scheme

3. Result
The estimation resulted from econometric modeling of energy balance for oil demand in all the 
economic sector for the period of 1990 to 2016 in Indonesia is shown in table 1. It is concluded 
that domestic fuel price has a negative relationship on oil demand in all sector except on power 
generation sector. The changes of energy source to generate electricity due to price change 
could not be done directly. In addition, the price of electricity is still getting subsidies from the 
government for several consumer groups. The declining of world oil price since mid of 2014 is 
indirectly affected by the oil fuel and energy demand because at the same time the government 
also revokes the fuel and energy subsidy policy. In 2015-2016, domestic gasoline price decreases 
but its consumption slightly declined due to the slowing Indonesia economy. The income affects 
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the oil demand in the form of sectoral GDP and GDP per capita that has a significant correlation 
and positive relationship on oil demand, except on household sector because people are already 
switching to subsidized LPG and the difficulty in obtaining kerosene. The effect of natural gas 
switching program in oil demand is seen in several variables such as the ratio of fuel and gas 
demand, gas demand in the sector, and gas prices.

Table 1. The 2SLS estimation result of energy demand across all sector

Endogenous 
Variable 

Exogenous 
Variable 

Coefficient Std. Error t-
Statistic 

Prob. R2 

Oil demand in 
commercial 
sector, 
COMOLT 

C -12725.7700 3518.8170 -3.6165 0.0003 0.9103 
GDP 18867.1300 4393.2110 4.2946 0.0000 
Ratio oil to gas in 
commercial  0.4667 0.1259 3.7070 0.0002 

COMOLT(-1) 0.0006 0.0005 1.2497 0.0920 
Oil demand in 
power 
generation 
sector, EGOLT 

C -192221.6000 43586.2600 -4.4101 0.0000 0.9172 
Diesel price 0.0031 0.0123 0.2503 0.0802 
Gas demand in 
power generation 
sector 

-0.6974 0.1534 -4.5449 0.0000 

Population 1.2425 0.2395 5.1873 0.0000 
Oil demand in 
industrial 
sector, IDOLT 

C 16420.5300 9515.9690 1.7256 0.0851 0.8534 
Diesel price -0.0195 0.0131 -1.4909 0.0367 
Gas demand in 
industrial sector 0.1485 0.1010 1.4704 0.0421 

GDP industrial 
sector 0.0093 0.0412 0.2253 0.0218 

IDOLT(-1) 0.7005 0.1249 5.6081 0.0000 
Oil demand in 
transport sector, 
TROLT 

C 14544.81 15873.18 0.9163 0.0027 0.9909 
Gasoline price -0.1079 0.01338 -8.0649 0.3600 
LGV price 0.2271 0.03047 7.4551 0.0000 
GDP/capita 9686.9670 2796.9350 3.4634 0.0006 
Number of vehicle 2.1995 0.2203 9.9842 0.0000 

Oil demand in 
residential 
sector, REOLT 

C -265602.0000 82903.6700 -3.2037 0.0015 0.8529 
LPG price -0.0757 0.0215 -3.5157 0.0005 
Ratio oil to gas 203334.8000 70114.8800 2.9000 0.0039 
Number of 
household 4.2145 0.5332 7.9048 0.0000 

GDP/capita -4539.7100 3684.5450 -1.2321 0.0186 
Oil demand in 
other sector, 
OCOLT 

C 6541.1930 5203.6090 1.2570 0.0094 0.8774 
Diesel price -0.0025 0.0022 -1.1658 0.0443 
GDP other sector 0.0091 0.0086 1.0621 0.0887 
OCOLT(-1) 0.6015 0.1474 4.0814 0.0001 

 

Currently, Indonesia oil reserves share is only 0.2% of the total world oil reserves. It is expected 
that until 2030 there will be an additional of 25% contingent resources that rise into reserves, 
thus slowing the production declining (2.2%) as a result of the implementation new regulation 
of PSC gross split. Considering for the last five years, the oil production has shown a decline in 
4.3% due to mature oil production wells and the limited new production wells. At the beginning of 
2017, the Indonesian government changed the upstream fiscal term into PSC gross split under 
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MoEMR law No. 08/2017 to create a flexible PSC, to account many terms for uncertainties in 
field size, reservoir condition, oil price, production, economics, etc. This change is significant 
for the government to challenge the PSC operators to streamline and operate more effectively 
and efficiently, as well as to increase state revenues, by completely eliminate the cost recovery 
system, removing the need for related project budget scrutiny by Indonesia’s upstream oil and gas 
regulator but keep continue to control the formulation of policies on the work program and provide 
its approval. The regulation then revises into MoEMR No.52/2017 to provide more economic 
benefits for the PSC contractors. 

The drop in oil prices since mid-2014 and followed by the world economic slowdown, has had 
an impact on the slowdown in economic growth and energy consumption in Indonesia in the last 
two years. To support the average economic growth of 5.4% per year, it is estimated that energy 
demand needs to increase by 4.3% per year or increase from 1,648 million BOE in 2016 to 3,221 
million BOE in 2030 (figure 2). The low rate of energy demand growth compared to GDP is more 
due to economy shifting continues to occur in which the commercial sector as the largest GDP 
producer (6.9% per year) consumes less energy. 

In 2030 energy mix, oil share predicted continues to decline from 33% to 30%, its position as the 
leading energy slightly changed by gas and coal, in 17% and 26% of energy total, respectively. 
Electricity share also increases from 8% to 11% as the shifting in lifestyle along with the economic 
improvement and technology development. While the increase in renewable share is predicted 
remain small if it is running at the current business as usual, where its development is still 
constrained by bureaucratic licensing, investment and price. 

Figure 2. Chart of Indonesia’s energy demand

Transportation still dominates oil use in Indonesia with a share of 79% in 2030 (figure 3) and 
grows 5.5% per year from 922 thousand bpd in 2016 to 2.2 million bpd in 2030 along with the 
increase of GDP/capita and a number of the private vehicles. On the contrary, fuel consumption 
in other sectors (residential, industry, commercial, power generation, and other) will decrease. 
Oil demand for electricity generation will be declining to 4% per year as well as the commercial 
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sector, fell by 5.6% per year until 2030. In the residential sector, kerosene will be fully replaced 
with LPG and city gas starting in 2021.

A number of vehicles are predicted to grow 5.6% per year. In Indonesia, the car ownership is not only 
indicated as an economic take-off, but also indicative of the effect of rising incomes, prestigious, 
and the move towards higher-end private transportation. Furthermore, estimation results show if 
it is assumed that oil price range from 60-80$/barrel up to 2030, the government’s efforts to build 
mass transportation facilities are deemed not to significantly reduce fuel consumption, given that 
the online taxi transportation is expected to continue to grow.

Figure 3. Indonesia oil demand 1990-2030

Without aggressive energy diversification, the share of oil fuel in transportation sector remained 
large at 96% while the rest of 3% and 1%, respectively, are coming from biodiesel and natural gas 
that is expected to grow. According to simulation that examines the intensive CNG conversion 
program until 2030, by gradually convert 10% of the total non-motor vehicle, especially for public 
transportation, i.e. buses, taxies, and government vehicles. The fuel consumed by different 
transportation modes and activities may vary. Applying energy intensity in transportation sector 
from Sugiyono (2013) in the calculation, this program projected to convert about 8 million vehicles 
in 2030 that will reduce consumption by 9% of total oil fuel demand in the transportation sector, or 
decrease about 205 thousand bpd of total 2.2 million bpd. 

In addition to the necessary supply of gas, the availability of CNG fueling stations is also required. 
This scenario assumes that one CNG fueling station will serve 5,000 cars and buses. Thus the 
simulation estimates that government should add more than 63 gas stations in 2018 and increase 
to 1,600 gas stations in 2030. Therefore, the government is expected to immediately prepare a 
long-term plan of integrated and available gas infrastructure, such as fuel storage, pipeline, LNG 
receiving terminal unit, mini LNG, and CNG carriers for delivery and distribution to fueling station 
from gas sources in remote areas. Thus real-sector economy will grow, create jobs, and reduce 
oil dependency.  

Another thing, this study pointed out that although oil share is expected to decrease, the demand 
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of fuel until 2030 continues to increase along the impact of economic and population growth while 
refinery capacity remains the same until 2019, causing high imports of crude oil and fuel. Starting 
in the next three years, as shown in figure 4, it is expected to have an additional refinery capacity 
to reach 2 million barrel per day (bpd) or 727 million barrel in 2030, thus increasing import in both 
crude and fuel to reach the national fuel demand of 2.2 million bpd. The import dependency ratio 
increase from 41% in 2016 for crude oil and 24% for fuel, to 82% and 43% respectively for crude 
oil and fuel in 2030. It indicates that Indonesia is beginning to experience in high dependency on 
the crude oil supply from abroad so greatly affect the national energy security. 

Figure 4. Crude oil and fuel supply and demand

Alternatively, by increasing the refinery capacity, Indonesia will be out from the dependence on 
the import fuel and petroleum product in 2028 through the expansion of crude oil refinery to the 
capacity of 3 million bpd (1,095 million barrel) or increase 50% of the baseline, even though 90% 
of the crude or 2.7 million bpd will be obtained from imports in 2030. However, there will be a 
reduction of import value by 11% from baseline scenario, as well as additional value added of 
refining sector and the export of fuel and petroleum product by 20% of the total import value. 
The addition of this refinery is expected that the government can also immediately build crude 
oil storage facilities for refinery input as well as aimed to be used as strategic crude oil storage. 

To accommodate the increasing demand of electricity that is predicted become the future 
energy, in 2015, Indonesia set a target of power capacity to 136 GW by 2025 and 430 GW 
by 2050, compared with the current capacity of 55.5 GW. Based on General Plan for National 
Electricity Development (RUKN), there will be additional generation capacity of 80.5 GW over the 
period 2016-2025, dominated by coal (43% of total additional capacity), followed by natural gas 
(29%), hydro (18%), and geothermal (8%). This program is very ambitious considering that the 
additional capacity represents double of Indonesia’s installed power capacity causing a possibility 
of excess capacity, so the emerging market of new power users is needed, such as industrial 
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sector will be expanding, the household sector is encouraged to switch to the electricity-based 
home appliances, and the transportation sector is challenged to developing the use of electric 
vehicle. Moreover, delayed experiences of similar programs in 2005-2014 due to licensing and 
land acquisition issues, lack of financing, delays in government-backed loans, grid infrastructure 
constraints, construction setbacks, and various technical difficulties (Cornot-Gandolphe, 2017) 
causing a possibility of the time delay of program target. In this scenario, the additional 80.5 GW 
power capacity supply is expected to be commencement in 2030 from the initial plan of 2025, 
or increase 5.4 GW per year only. Thus, the coal exports are expected to decline in next future 
years, from 77% of the last five years to 66% in 2030 due to rising domestic demand.  

4. Conclusion
Indonesia’s energy demand in 2030 is expected to increase by two times, from 1,648 million boe 
in 2016 to 3,221 million boe in 2030. Coal and gas will replace oil fuel in the energy mix, to meet 
the needs of industrial, power generation, and transportation sector. There will be an increase in 
electricity demand as a result of shifting lifestyle. 

The growth of oil demand in an average of 3.5% per year has implication for Indonesia on 
dependency on both of crude and oil product. This paper shows that strategy of increasing 
refinery capacity to 3 million bpd and shifting from oil to gas on transportation sector will be able 
to reduce on oil dependency and value-added on the economy. Even though Indonesia has made 
several efforts to reduce its dependence on oil import, this paper suggests that sustainable energy 
security in Indonesia can be achieved by focusing earlier on the optimization of various energy 
resources to support the economy and the energy consumption growth, while the oil production 
will be exhausted in the next decade, and building storage facilities for crude and oil fuel reserves.
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A Concept of  Energy Security the Case of  Indonesia

Donny Yoesgiantoro

Indonesia Defense University
Summary
Current global issues consist of food, energy, and water. The three main reason these three 
things become current global issues are, repetition of the event 1970 agreed by Club of Rome 
(Doomsday Scenario), the growth of demand, and source of bilateral and regional conflict. Club 
of Rome is a club consists of think tanks, such as bureaucrats, presidents, former presidents, and 
others where they concentrate on crucial issues and facing humanity. Facing humanity is an event 
that has previously been expected to occur crucial problems in the future.

In 1972 the Club of Rome made a Report Result of Limits to Growth Model. In the report has 
been analyzed on crucial issues that will be faced by humans in the future. These issues consist 
of resources that go down, population will rise, pollution will rise, factor production will rise, and 
others.

After the current global issue, followed by knowing ourselves. Knowing ourselves at the policy level 
is geopolitics and geostrategy. Geopolitics is the perspective of the nation and its environment. 
Geostrategy is used to achieve geopolitics ideals. 

At the Indonesia Defense University, there is a very important course in the Energy Defense study, 
where we must think that at some point there will be special threats that require a reorientation in 
military strategy. Inside energy and defense if its energy is ahead and its defense behind, it means 
that defense must protect the energy infrastructure. But if the energy is behind and the defense 
is in front, under certain conditions, in military operations, in a state of war, energy must support 
the defense.

Geostrategy is the way to achieve the goal that contained in geopolitics. Indonesia geostrategy 
is national security. In term of energy, this includes how the development of energy systems in 
protecting human being from disasters, both predictable and unpredictable. In term of welfare of 
society, especially the future generations, because this context is sustainability, we hope the next 
generation gets more than the current generation. Whatever the context, national security must 
be able to protect all systems against disasters, but the fact is that sometimes people in the outer 
islands are not protected.

Mr. Donny underlined that the geopolitics of Indonesia is the insight of the archipelago, namely 
the archipelago that covers all, Bhineka Tunggal Ika. In this case is the geopolitical energy, where 
one of the energy geopolitics applied by the government today is the secondary price of each 
area overall archipelago is the same. Actually, one price policy is secondary price, actually fuel 
price in depo from Sabang to Merauke same. The strategy itself must be improved from time to 
time.

National security is Panca Gatra, which consists of Static Gatra and Gatra Dynamic. Static Gatra 
consists of geography, natural resource wealth, and demography, and Dynamic Gatra consists 
of Ipoleksosbud: ideological, political, economic, socio-cultural, and defense of security. Energy 
security is part of the economic security that is part of national security. However, energy security 
is not only part of economic security, but part of other security, such as political and ideological 
security, socio-cultural security, technological security, and defense and security. This can be 
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proven if our energy security is problematic, not only economic resilience is hit, social resilience, 
ideological resilience, other resilience can also be affected.

Indeed, laws and policies from year to year should be better. There is no wrong policy. If something 
goes wrong, then create a new policy, so it’s not compromised in the old policy that is considered 
wrong. The policy has an era and is applicable in its era.

The process of energy policy began in the 1970s when oil booming, exploration and exploitation 
reached its maximum point, so the depletion also increased. At that time the concept of sustainable 
development was not known yet. Then we go into the revenue stages of oil and gas. At that time 
was the period before the subsidy policy. Then the subsidy is done by the government, but until 
now there may be a big question, whether the benefits of subsidies or incentives given at that 
time can provide stimulus or stimulate economic activities at that time that should can be felted 
the impact until now. Finally, we are worried about oil and gas whose resources are declining, 
so the government must have an exit energy strategy, which is not dependent on oil and gas, 
and increase the diversification of energy used. For the policy, there are two sides, namely from 
supply and demand. From energy pricing, the direction of the subsidy given is direct subsidies, 
not price subsidies, and to consider subsidizing upstream, not downstream. Energy and electricity 
demand is increasingly increasing, so Conservation and energy saving must be improved. This 
can be achieved through education. There should be continuous education on efficiency in the 
field of energy, efficiency in the field of electricity. The purpose of energy security is energy 
independence, which leads to good energy security conditions. So an iteration.

Implementation of the concept of 4A and 1S are: availability in the form of resource problems, 
infrastructure accessibility in the form of depot / distribution / refinery for oil and gas, where the 
conception of one price of fuel price is actually the price at the depot; gas pipeline plans in parts 
of Sumatra, installed generating capacity and transmission length for electricity, and terminal 
capacity at coal mines. Affordability is the ability of purchasing power. Indonesia is a developing 
country whose burden of price subsidies on GDP is very high. Acceptability, about 70% of the fuel 
subsidy is not right on target because it is not enjoyed by the people down, so with the stimulus 
provided no impact is expected. It is estimated that 40% of the subsidies are enjoyed by the upper 
class. Sustainability, the installed capacity of new renewable energy-based generators is still very 
low when compared to the existing potential. Additional capacity is small. The development of 
new and renewable energy is not easy and many challenges are faced.

The challenge faced in developing good energy security is the demand for energy is still high and 
increasing, the existing infrastructure is very limited, the energy supply is still very far from the 
location that requires energy, fiscal incentives and taxation is still very limited, has not been able 
to stimulate investment in the field of infrastructure subsidies because this is a political decision, 
and the ability of people’s purchasing power is still low so that subsidies are still needed for a 
particular social class. Indonesia is one of the most developed subsidies in developing countries.

The opportunity is the availability of diverse sources of energy both within and outside the country, 
the capacity of local capability, new and renewable energy potentials require lower price subsidies 
from oil and gas, economic growth is expected to increase people’s purchasing power so that the 
price subsidy scheme can be changed into direct subsidies.

The direction of national energy development is the achievement of the energy mix in 2025 that 
minimizes the use of oil and enlarges the portion of renewable energy.
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1. NATIONAL ENERGY DEVELOPMENT    
 1.1. Current Global Issue  
   

THREE MAIN REASON TO BE CURRENT GLOBAL ISSUE : 
1. REPETITION OF THE EVENT 1970, CLUB OF ROME (DOOMSDAY SCENARIO) 
2. THE GROWTH OF DEMAND (GROWTH OF POPULATION) >> THE GROWTH 

OF SUPPLY 
3. SOURCE OF BILATERAL & REGIONAL CONFLICT 

3 

Food 

Energy Water 

CURRENT 
ISSUE 
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1. NATIONAL ENERGY DEVELOPMENT   
 1.1. Current Global Issue 

 
   

Report Result of Limits to Growth Model 

Source: Ekonomi Energi, Teori dan Praktik, Yusgiantoro P, 2009 
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1. NATIONAL ENERGY DEVELOPMENT   
 1.2. Geopolitics vs Geostrategy  
   HUMAN ACTIVITIES ARE NOT HAPPENED IN OUTER SPACE, BUT ON THE EARTH 
(GEO), SO STRATEGY AND POLITICALLY  MUST BE CONSIDERED OF CALCULATING 
GEOGRAPHY  GEOPOLITICS & GEOSTRATEGY (Daoed Joesoef, 2014). 
 
GEOPOLITICS : PERSPECTIVE TO THE NATION AND  ITS ENVIRONMETAL  
INDONESIA GEOPOLITICS IS  THE ARCHIPELAGO INSIGHT (WAWASAN 
NUSANTARA) THAT “SARWA” THE ARCHIPELAGO IS ALL IN ONE (BHINEKA 
TUNGGAL IKA). 
 
CARL VON CLAUSEWITZ (1832) “WAR IS CONTINUATION OF POLITICS THAT USING  
MILITARY WAY”. AGAINST FROM PERSPECTIVE OF JEND. VO NGUYEN GIAP (2004) 
“POLITICS IS CONTINUATION OF WAR WITH DIFFERENT WAY”  
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1. NATIONAL ENERGY DEVELOPMENT   
 1.2. Geopolitics vs Geostrategy  
   

GEOSTRATEGY IS THE WAY TO ACHIEVE GOAL THAT CONTAINED IN 
GEOPOLITICS. INDONESIA GEOSTRATEGY IS  NATIONAL SECURITY. 
 
THE CONDITION OF NATIONAL SECURITY ALWAYS NEED TO 
INCREASE CONTINUOSLY FROM TIME TO TIME, INCLUDE ENERGY 
SECURITY (Geopolitics & Geostrategy Module Modification, 
Lemhannas 2013 &  Ekonomi Pertahanan, Purnomo Yusgiantoro, 
2014 ).      
 
ENERGY GEOPOLITICS & GEOSTRATEGY  EARTH AREA  
GLOBAL, REGIONAL AND NOT EACH EVERY COUNTRY  
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1. NATIONAL ENERGY DEVELOPMENT   
 1.2. Geopolitics vs Geostrategy  
   GEOSTRATEGY IS THE WAY TO ACHIEVE GOAL THAT CONTENTED IN 
GEOPOLITICS.  
 
INDONESIA GEOPOLITICS : NUSANTARA INSIGHT THAT “SARWA” THE 
ARCHIPELAGO IS ALL IN ONE (BHINEKA TUNGGAL IKA). ENERGY 
GEOPOLITICS, THE SECONDARY PRICE ON EACH AREA OVER ALL 
ARCHIPELAGO IS THE SAME (PRICE OF FUEL AT DEPO IS THE SAME ALL 
OVER THE ARCHIPELAGO) 
 
INDONESIA GEOSTRATEGY : THE CONDITION OF NATIONAL SECURITY 
NEED INCREASE FROM TIME TO TIME, INCLUDE ENERGY SECURITY 
(Geopolitik & Geostrategi Module Modification, Lemhannas 2013 &  
Ekonomi Pertahanan, Purnomo Yusgiantoro, 2014 ).  
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1. NATIONAL ENERGY DEVELOPMENT   
 1.3. Geopolitics vs Geostrategy  
   

RESILIENCE vs DEFENSE vs SECURITY 
1. RESILIENCE IS CONDITION OR SITUATION ALL ASPECT OF STATE AND 

NATION LIFE FACING THREAT (+CHALLENGE, OBSTACLE, AND 
DISRUPTION)  

2. DEFENSE IS EFFORT OR ATTEMPT TO BUILD, USE AND DEVELOP  THE 
POWER OF STATE AND NATION FACING THREAT (+CHALLENGE, 
OBSTACLE, AND DISRUPTION)  

3. SECURITY COVER PUBLIC SECURITY (S-SMALL) AND SECURITY OF 
BIGGER STATE AND NATION  LIFE ASPECT (S-BIG)  
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1. NATIONAL ENERGY DEVELOPMENT   
 1.3. National Security vs Energy Security 
 

STATIC CONDITION 
(AUTHORIZED CAPITAL): 
1.GEOGRAPHY 
2.NATURAL RESOURCES (SKA) 
3.DEMOGRAPHY 
 
DYNAMIC CONDITION (NATIONAL 
DEVELOPMENT) : 
1.IDEOLOGY 
2.POLITICS 
3.ECONOMY 
4.CULTURE SOCIAL  
5.SECURITY DEFENSE 
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1. ENERGY NATIONAL DEVELOPMENT   
 1.3. National Security vs Energy Security 
   

Energy security : part of economy security,  and econnomy security is part of national 
security. There is thought,  energy security : part of ideology, politics, economy, social 
culture and defense security resilence  
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1. ENERGY NATIONAL DEVELOPMENT   
 1.4. Law Foundation Energy Development 
   

▪ UU No. 22/2001 ttg Minyak dan Gas Bumi 

▪ UU No. 30/2007 ttg Energi 

▪ UU No. 04/2009 ttg Mineral dan Batubara  

▪ UU No. 30/2009 ttg Ketenagalistrikan 

▪ UU No. 21/2014 ttg Panas Bumi 

▪ PP No. 70/2009 ttg Konservasi Energi 

▪ PP No. 79/2014 ttg Kebijakan Energi Nasional 
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1. ENERGY NATIONAL DEVELOPMENT   
 1.4. Energy Development Law Foundation 
   

           Modification Coordinating Minister of Economy 
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1. ENERGY NATIONAL DEVELOPMENT   
 1.5. General Policy Energy Development 
   - EARLY 1970-AN  BOOMING OIL AND GAS 

a. PRICE OF OIL HIGH  OIL AND GAS EXPLORATION AND EXPLOITATION  
MAXIMUM (FAST RATE OF EXTRACTION  RAPID DEPLETION) 

b. NATURAL GAS (LNG) EKSPORT   INCREASE STATE BUDGET (ASIA PASIFIC 
MARKET  MONOPOLY BY INDONESIA PRODUCER) 

c. AVOIDING SUSTAINABLE DEVELOPMENT PRINCIPLE 
 
- REVENUE OF OIL AND GAS >> FUEL PRICE SUBSIDY 
a. FUEL PRICE KEEP LOW  PRICE SUBSIDY 
b. PRICE SUBSIDY  STIMULUS ECONOMIC GROWTH (?) 
c. THE REALITY IS WASTE OF USAGE FUEL, ELASTISITY > 1 
     
- THE WORRY OF OIL AND GAS SCARCITY 
a. SOME OIL AND GAS COUNTRIES PRODUCER  DUTCH DESEASE 
b. ENERGY POLICY FOR NOT DEPENDING TO OIL AND GAS 
c. DIVERSIFICATION OF ENERGY IS FALTERED 
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1. NATIONAL ENERGY DEVELOPMENT   
 1.5. Energy Development General Policy 
   

ENERGY PRICE 

FEEDSTOCKS 
SUPPLY 

CITIZEN 
AWARENESS 

EXPLORATION 
PRODUCTION 

CONSERVATION 

DIRECT SUBSIDY 

DIVERSIFICATION 

CONSERVATION 
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1. NATIONAL ENERGY DEVELOMENT   
 1.5. General Policy Energy Development 
 

23% 

2014 2020 

2025 

290 
Juta TOE 

215 
Juta TOE 

450 
Juta TOE 

Bussiness As Usual  TARGET 2025 

400 
Juta TOE 

PRIMARY ENERGY 
CONSERVATION 11% 

EBT 

Coal 

Natural Gas 

Oil 

30% 

22% 

25% 

EBT 

Coal 

Natural Gas 

Oil 

17% 

29% 

22% 

32% 

EBT 

Coal 

Natural Gas 

Oil 

6% 

29% 

24% 

41% 

▪ TOTAL PRIMARY ENERGY 215 
MTOE (NATIONAL) 

▪ PRIMARY ENERGY EBT:  13 
MTOE 
✓GEOTHERMAL: 6 MTOE 
✓BIOFUEL: 4 MTOE 
✓BIOMASSA: 2 MTOE 
✓WATER: 1 MTOE 

* Source MEMR 

1. NATIONAL ENERGY DEVELOMENT   
 1.5. General Policy Energy Development 
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2. ENERGY SECUTRITY 
  2.1. Energi Security vs Energy Independency 
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2. ENERGI SECURITY 
 2.2. Element of Energy Security 
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2. ENERGY SECURITY 
 2.3. Energi Security : 4 A + 1 S - Availability 

FOSIL ENERGY RESOURCE RESERVE PRODUCTION 
RESERVE 

RATIO/PROD 
(TAHUN)*) 

Oil 56,6 miliar barel 8,2 miliar barel**) 357 juta barel 23 

Natural Gas 334,5 TSCF 170 TSCF 2,9 TSCF 59  

Coal 104,8 miliar ton 18.8 miliar ton 229,2 juta ton 82 

Coal Bed Methane (CBM) 453 TSCF - - - 

Estimation of CBM will be one of the reliable Indonesia future energy 
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2. ENERGY SECURITY 
 2.3. Energy Security : 4 A + 1 S - Accessibility 

FUEL DISTRIBUTION INFRASTRUCTURE 

2. ENERGY SECURITY 
 2.3. Energy Security : 4 A + 1 S - Accessibility 
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2. ENERGY SECURITY 
 2.3. Energi Security: 4 A + 1 S - Accessibility 
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2. ENERGY SECURITY 
 2.3. Energy Security : 4 A + 1 S - Accessibility 
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2. ENERGY SECURITY 
 2.3. Energy Security: 4 A + 1 S - Affordibility 
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2. MORE OR LESS 70% FUEL (BBM) PRICE SUBSIDY ENJOYED BY 40% HIGH CLASS 
SOCIETY  

3. INCREASE FUEL (BBM) PRICE  SWITCHING ENJOYMENT HIGH CLASS SOCIETY TO 
LOW CLASS SOCIETY 

FUEL (BBM) SUBSIDY DISTRIBUTION 
BY SOCIETY CLASS  

2. ENERGY SECURITY 
 2.3. Energy Security : 4 A + 1 S - Acceptability 
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NON FOSIL ENERGY RESOURCES INSTALLED CAPACITY 

Hydro Power 75.670 MW (e.q. 845 mio BOE) 4.200 MW 

Geothermal 27.670 MW (e.q. 250 mio BOE) 1.052 MW 

Mini/Micro Hydro 500 MW 86,1 MW 

Biomass 49.810 MW 445 MW 

Solar Energy 4,80 kWh/m2/day 12,1 MW 

Wind Energy  9.290 MW 1,1 MW 

Uranium 3.000 MW (e.q. 24,112 ton) for 11 year 30 MW 

2. ENERGY SECURITY 
 2.3. Energy Security : 4 A + 1 S - Sustainability 
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additional power plant capacity of new energy and 
renewable energy (EBT) year 2014 in amount 651 MW 

NO TYPE OF POWER 
PLANT 

CUMULATIVE INSTALLED POWER PLANT  
UP TO YEAR 2014 (MW)  

2013 2014 ADDITIONAL 
1 GEOTHERMAL  1.343,50 1.403,50 60,00 
2 HYDRO POWER 7.573,60 8.111,55 537,95 
3 BIOENERGY  1.716,50 1.740,40 23,90 
4 SOLAR ENERGY 42,77 71,02 28,25 
5 WIND ENERGY 1,33 3,07 1,74 
6 HYBRID 0,54 0,54 0,00 

 T O T A L 10.678,24 11.330,08 651,84 

30 
 Source : MEMR 

2. ENERGY SECURITY 
 2.3. Energy Security : 4 A + 1 S – Sustainability 
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POWER PLANT CAPACITY OF RENEWABLE ENERGY 
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Barrier 
• High demand of energy and continuosly increased 
• Limited energy infrastructure 
• Supply energy location is far apart with the location of energy needed 
• Fiscal incentive and taxation are still limited for stimulating investment in 

infrastructure, including oil and gas refinery  
 

Opportunity 
• Availability of international and domestic 
• Adequate domestic capability 
• Government commitment for giving fiscal incentive  
• Opening for cooperation developing infastructure to attract investment 

2. ENERGY SECURITY 
 2.4. Opportunity & Barrier Energy Security 
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Barrier 
• Eventhough subsidy is still needed in term of direct subsidy,  however to change 

price subsidy to direct subsidy has high political impact  
• Power purchasing of society keep low and have not equally, so the price subsidy 

is still needed for certain class of society  
• The value price of subsidy is very big in amount and part of its consumed by 

medium high class of society (improper subsidy) 
 
Opportunity 
• Varoius availability of energy alternative need price subsidy lower than fuel 
• Economy development to increase power purchasing of society 
• Increasing power purchase of society will have an opputunity to change price 

subsidy to be direct subsidy 

2. ENERGY SECURITY 
 2.4. Opportunity & Barrier Energy Security 
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• ENERGY HAVE LINKAGES WITH  ECONOMY, ENVIRONMENTAL AND  POLITICS. 
THE RESERVE OF GLOBAL OIL CONCENTRATED IN MIDDLE EAST GIVE POLITICAL 
IMPLICATION   TURMOIL OF OIL PRICE 

• GLOBAL DYNAMICS : STILL DEPENDING TO FOSSIL ENERGY, ESPECIALLY OIL. THE 
FORWARD TENDENCY IS GAS, NEW AND RENEWABLE  ENERGY WILL BE 
INCREASING  

• REGIONAL DYNAMICS : CONSUMPTION GROWTH WILL INCREASE IN NON-OECD, 
ESPECIALLY DEVELOPED COUNTRIES : ASIA  CHINA AND INDIA  

• NATIONAL DYNAMICS: CONCERNED IN SUPPLY SIDE (EKSPLORATION AND 
EKSPLOITATION), PRICE, AND NEEDS (EFFICIENCY AND DIVERSIFICATION NOT TO 
USE FOSIL ENERGY ESPECIALLY OIL) 

• NATIONAL ENERGY SECURITY IS RELATED TO AVAILABILITY (SUPPLY),  
ACCESSABILITY  (INFRASTRUCTURE) AND AFFORDIBILITY (POWER PURCHASING 
OF SOCIETY) NEED TO BE INCREASED IN TERM OF OPERATIONAL POLICY AND 
STRATEGY  

2. ENERGY SECURITY 
 2.4. Opportunity & Barrier of Energy Security 
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2. ENERGY SECURITY 
 2.5. Forward Direction National Energy Development 

Target & Achievement of Energy Mix in Indonesia Based on Presidential Decree 
(Perpres) No. 5/2006 & National Energy Policy (KEN)  

Coordinating Minister of Economy 

Energy Source Perpres 
No.5/2006 
(2025) 

Target KEN 
2025 

Target KEN 
2050 

Achievement 
2010 

Oil < 20% < 25% < 20% 49% 

Natural Gas > 30% > 22% > 24% 22% 

Coal > 33% > 30% > 25% 14% 

New Energy & 
Renewable Energy  
(EBT ) 

 
> 17% 

 
> 23% 

 
> 31% 

 
5% 

The Biggest Energy Source   
KEN 2050 

The Biggest Change of Energy Mix  and 
The Lowest Achievement  

Utilization EBT is still low (17% & 23% vs 5%)  
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2. ENERGY SECURITY 
 2.5. Forward Direction National Energy Development 

TARGET 2025 

REALIZATION 2014 TARGET 2025 

REALIZATION 2013 

FINAL ENERGY MIX 
(National Energy Policy, Govt. Reg No.79/2014) 

ENERGY MIX OF POWER PLANT 
(General Planning of National Electricity – RUKN Draft 2015-2034) 

Coordinating Minister of  Economy 
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Q and A Session

Linggo Sunaryo (Masyarakat Reksobumi Lereng Muria Jepara)

Question:
Energy security is no longer needed, while Mr. Donny says it is necessary. Please confirm.

Answer:
Energy security is the direction of energy independence, and energy independence itself 
will go back into energy security. It is an iteration, it will never be energy independence 
forever, the future is always dynamic. As I said, the government must be keen to see the 
needs that exist in the community. From my perspective, energy security will support 
energy independence. Energy independence will also iterate into energy security. Such 
circulation also applies as a policy. It will never be perfect policy, done. Policy until 
whenever it is, will be iterated.
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Community Based Renewable Energy in Mentawai

Jaya Wahono

Clean Power Indonesia

Summary
The problem with the construction of new and renewable energy power plant is not in its technical 
aspect. Instead, the problem is the social and environmental aspect. All the technical problems 
had been addressed, while the social aspects had not been addressed. If we listen to all the social 
aspect, then everything can be delayed, while if we ignore them, we will not get the maximum 
benefit of the power plant. The presentation will emphasize on the community-based aspect of 
the renewable energy. Why community-based? Because when we talk about renewable energy 
on the level of the village, the end user of this energy is the community. This is very much different 
from when we talk about renewable energy generation in the city which has different and various 
end-user. If we are unable to embrace the community-based approach, then the construction of 
the plant will not go as planned.

The only electrified area of Indonesia when we see it from the space is only Sumatera and Java. 
The more we go to the east, fewer lights will be visible from the space. There are still 50 million 
people in Indonesia which had not been electrifying and more than 50.000 villages had not been 
electrified. This is a challenge for us all.

Mrs. Sri Mulyani once said that electrification is an important aspect for the less developed area 
to catch up to the more developed area. In case of no electrification provided by the government, 
then these people will need to pay 10 or 20 times more compared to the people living in big city. 

In Mentawai, we have bamboo farming and inter-cropping to support the biomass power plant. 
This activity can be done in the state-owned forest, production forest or forest with managing 
license. With this method, we will be able to utilize the area for bamboo plantation which will also 
provide jobs for the locals. With this scheme, we expect an increase in the locals quality of life. 

Mentawai will be a pilot project area for community-based renewable energy development. With 
the developed biomass power plant from bamboo, the locals as the producer of the biomass fuel 
will receive an income. The generated electricity can then be sold to PLN who will distribute the 
electricity and give an incentive to the locals for generating the electricity locally.
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Community based Renewable Energy in Mentawai 
Alternative RE Development Mechanism in Indonesia 

Jaya Wahono 
Clean Power Indonesia 
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Economic growth  
is unevenly distributed 
throughout Indonesia due to lack  
electricity in terms of consumption per capita 

More than 50 million people in rural communities in more than 
50,000 villages and 4000 islands without access to reliable power. 
Mostly in Eastern part of Indonesia. 

AVAILABILITY OF ELECTRICITY IN INDONESIA 
Picture taken by NASA in 2017  
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 “We find that energy 
poverty means two 
things: poor people are 
the least likely to have 
access to power. And 
they are more likely to 
remain poor if they stay 
unconnected.” 
 

Sri Mulyani Indraswati 
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• People are using kerosene lamps 
or expensive diesel genset for 
simple lighting which roughly cost 
them about 10-20 times higher 
for electricity than what people 
are paying in Jakarta and other 
big cities in Indonesia  

• Some received solar PV grant 
assistance from Ministry of 
Energy, but they have difficulty in 
maintaining and replacing spare 
parts when it break down. 

The experience of people in Mentawai 
who do not have access to PLN  
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Prosperity 

Bamboo Farming 

Employment 

Power Plant 
Electricity Access 

Lighting and 
other productive 
activities 

Size: about 
2/3 of Bali 

Surfing 
hotspots 

Paul Walker 

Hemsworths 

20,000 foreign 
visitors per year 
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Off-grid Electricity Scheme 

Local Village will provide 
biomass for power plant 
and part owner of the 
power plant. 

Private Developer will develop 
and build the source of biomass 
feedstock, the power plant and 
the distribution network.  

PLN will provide offtaker 
guarantee and distribute 
government’s subsidy to 
local communities 

MENTAWAI MODEL 

New bamboo plantation 

Managed 
bamboo forest 

Biomass distributed power Clean Cookstove 

PYC INTERNATIONAL 
ENERGY CONFERENCE 2017 
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INDONESIA 2045 

2045 
The Government 
aims to bring 
universal access of 
electricity to 
Indonesia and 
increase electricity 
consumption by 
300% before 2045 

2015 

1st centennial 
celebration 
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Question and Answer
1. Novena (Indonesia Defense University):

Questions:
• Is bamboo an indigenous plant of this area? Is there a potential for an issue similar 

to palm oil plantation?
• Is there any utilization of the bamboo after they were incinerated for the power plant?

Answer:
• There is a difference between a plantation and a forest. For a plantation, the permit 

is Hak Guna Usaha while the one we propose at the moment is not to change the 
purpose of the forest itself. The forest will still be a forest. However, the locals can 
utilize the forest and provide bios-mass fuel to the locals.

• The utilization of the bamboo will not be limited after they are used for the power 
plant. The expected usage of the planted bamboo is only 20% of the total. The rest of 
the bamboo can be used for industry.

2. Iman (ITB)

Questions:
PLN is the only grid provider in Indonesia. When will PLN enter Melawai? What about the 
other 3T area in Indonesia?

Answer:
• The project in Mentawai is a grant and not a commercial project. The grant came 

from America under the Green Prosperity program valued at the US $12 Million for 
3 villages including the forest, power plant and grid. It is known that to create a 
community-based, off-grid renewable energy is a very tough challenge.

• By default, all area of Indonesia is under PLN responsibility. So, if there is an area out 
of PLN reach, it will still be PLB market.
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General National Energy Plan

Adhi Wibowo

Indonesia National Energy Council

Summary
The National Energy Council (DEN) have 4 main tasks:

1. Designing the National Energy Policy (KEN)
2. Deciding steps to cope with energy crisis
3. Oversee the implementation of cross-sectoral energy policy
4. Creating DEN as a reliable and independent agency

Every country will need energy security in order to fulfill the demand. The general energy policy 
direction is written in UU No.30/2007 energy which will be applied until 2050. 

The main policies are:

1. Availability of for national demand
2. Energy development priority
3. Utilization of national energy sources
4. National energy reserve

Energy independence can be fulfilled by shifting our paradigm of energy management as the 
foundation of national development and not only as an export commodity.  Optimization of energy 
sources is aimed at national economic development, national added value, and utilization of 
workers.  One of the step to achieve this is by prioritizing coal and gas for national consumption 
instead of exporting them. Hopefully, by 2035 there will be no gas export and by 2046 no coal will 
be exported.

Long-term planning of national power plant development still highly dependent on coal. On the 
other hand, the developed countries already considered the environmental effect of coal including 
its pollution and acid rain. While nuclear is still an option, it should be put on the last option as a 
high risk of failur because of natural hazard is highly likely to happen in Indonesia.
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GENERAL NATIONAL ENERGY PLAN 
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NATIONAL ENERGY COUNCIL (NEC) 
”National Energy Council is a national, independent and permanent institution 
in charge of the execution of the national energy policy.” 
 Law of Energy no. 30/2007 

ROLE OF NEC 

DESIGNING AND FORMULATING 
 NATIONAL ENERGY POLICY 

DETERMINING  
MASTER PLAN ON NATIONAL ENERGY 

 

DETERMINING RESPONSES TO ENERGY 
CRISIS AND EMERGENCY CONDITIONS 

MONITORING THE IMPLEMENTATION OF 
CROSS–SECTORAL ENERGY POLICIES    

N
E
C 

To Achieve Energy 
Security that Support 
Sustainable National 

Development 

NEC VISION 

PYC INTERNATIONAL 
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REGULATION HIERARCHY 
NATIONAL ENERGY POLICY AND PLANNING   

Law Number 30/2007 on Energy 

Goverment Regulation Number 79/ /2014 
On National Energy Policy 

Presidential Decree Number 22/2017 
On National Energy Planning  

Regional Energy 
Planning – Province  

 
Regional Energy Planning 

District/City  
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NATIONAL ENERGY CHALLENGES 

National 
Energy 
Security 

The New 
National Energy 
Policy 

National Energy Security to ensuring the 
availability of energy, people's access to 
energy at affordable prices should remain 
consistent with environmental sustainability 

High Energy 
Demand 

Low energy 
supply 
security  Decrease  

fossil energy 
reserve 

Fossil energy as 
export commodity  

Inefficiency and low 
conservation on 
energy management 

NRE utilization is 
not optimal  

R&D Capacity for 
industry and 
infrastructure is not 
optimal  

Low energy access 

Energy price 
subsidized 

Strategic 
Energy reserve 
is not available 

Current 
Condition 

Geopolitic and 
global  
environment 
issue 
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NATIONAL ENERGY POLICY 
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The Supporting Policies The Main Policies 

Availability of Energy to 
meet the national demand 

Priority of energy 
development 

Utilization of national 
energy resources 

National energy reserves 

Environment safety 

Energy conservation, Conservation of 
energy resources and diversification of 

energy 

Pricing, subsidy, and energy incentives 

Infrastructure and access to energy and 
energy industry for the public  

Research, development, and application 
of energy technology 

 Institutional and funding matters 

NATIONAL ENERGY POLICY DIRECTION 
   (Article 3, Government Regulation 79/2014 on National Energy Policy) 

PYC INTERNATIONAL 
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EXPECTED CONDITIONS 

▪ High Energy Demand 
▪ Energy supply security has not 

kept up with the increase in 
demand 

▪ Fossil energy reserve decreasing 
▪ Limited access to energy : 

inadequate/lack of  infrastructure  
▪ Fossil energy as export commodity  
▪ Oil imports increased 
▪ Low energy efficiency and 

conservation in energy 
management 

▪ NRE utilization is still  not-optimal 
▪ Energy reserves are limited 

CURRENT CONDITION EXPECTED CONDITIONS 

NATIONAL 
ENERGY 

SECURITY 

Achieving energy security and energy 
independency in support of sustainable 
national development : 
▪ Change of energy management paradigm; 

energy resources as a national capital 
▪ Independency on energy management; 
▪ Ensuring the availability of energy ; 
▪ Optimalization energy resources 

management; 
▪ Efficient use of energy in all sector 
▪ Increasing public acces to energy 
▪ Enhancing self-reliance in technological 

capability and capacity in energy industry` 
▪ Creating employment opportunity, and 
▪ Preserving the environment  
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enhancement: 

• economic growth 
• Industrial growth 
• absorption of manpower 

• Fuel exercise 
• depletion premium 
• fiscal incentives 
• national budget 

comodity 2014 2019 export  
0% 

Gas 57% 64% 2035 

Coal 20% 60% 2046 

1. Energy independence is achieved by 
realizing energy resources as a 
national capital development. 

2. Optimizing energy use, for: 
• national economic development 
• creation of value added in the 

country 
• absorption of manpower. 

a shift of paradigm on energy 

~ Article 6 dan 7 Govt. Reg . 79 of 2014 

Govt. Reg. 79 of 2014 
on National Energy Policy 

Increasing the 
portion of gas 

and coal for 
domestic rather 

than export 

alignment fiscal 
target's with the 

energy policy 

economic 
multiplier 

effect 

Energy as National Development Capital 

Ministry of Finance and Ministry of 
National Development Planning 

PYC INTERNATIONAL 
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01 NEW PARADIGM 

Establishment  of a new paradigm of energy 
sources as  capital of the national 
development 

02 ENERGY ELASTICITY 

Energy elasticity achievement shall be less 
than 1 (one) in 2025 that comply with the 
economic growth 

03 ENERGY INTENSITY  

Reduction in final energy intensity of 1% 
(one percent) per year up to 2025 

04 ELECTRIFICATION RASIO 

Achievement of Electrification Ratio of 85% 
(eighty five percent) in 2015 and close on 
100% (one hundred percent) in 2020 

05 HOUSEHOLD GAS UTILIZATION RATIO 

Achievement of the household gas utilization 
ratio of 85% (eighty five percent) in 2025 

06 ENERGY MIX 

Achievement of optimal primary energy mix 

NATIONAL ENERGY POLICY TARGET 
   (Article 9, Government Regulation 79/2014 on National Energy Policy) 
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CURRENT ENERGY CONDITION 
a. High dependency on fuel.  
b. Indonesia energy mix 2015: Oil (46%); ); Coal (26%); Gas (23%); 

NRE (5%). 
c. Indonesia has been a net oil importer since 2004. Production 

(287 MBOE); Consumption (420 MBOE); oil fuel import (195 
MBOE); crude oil import  (121 MBOE); refinery capacity of ± 1 
million barrels per day. 

d. Energy consumption per capita is still low                            (5,4 
BOE/cap); Consumption of electricity (865 kWh / cap); 
Electrification ratio (88.3%); Power generation capacity (53 
GW). 

e. Energy Subsidies: ± 400 trillion IDR (2014) and ± 138 trillion 
IDR (2015), ± 90 trillion IDR (2017) 

f. Energy is still used as an export commodity: 
 Gas : + 42% exported  
Coal : + 82% exported 

g. Fuel operational reserves only for 20-25 days and there are no 
reserves of energy buffer. 

h. The final energy elasticity is above 1 
i. Supporting infrastructure has not been developed optimally 
j. The development of new and renewable energy is not optimal. 

Government Regulation number 79 of 2014 On 
National Energy Policy, target of the energy mix          
by 2025 : 
– Oil   : < 25%,  
– Gas    : > 22% 
– NRE     : > 23% 
– Coal   : > 30% 

Energy Mix 2015 

NRE 

Oil 
Gas 
Coal 

43% 

34% 

19% 

4% 

166 MTOE 
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0.2
3 

0.2
5 0.3 

0.2
2 

0.05 

0.4
6 0.31 

0.18 
0.3
1 

0.2 
0.2

5 

0.2
4 

205  
MTOE 

400  
MTOE 

1.000  
MTOE 

Existing 2025 2050 
PP Capacity 55 GW   115 GW 430 GW 

Energy Consumption 0,8 TOE/cap 1,4 TOE/cap 3,2 TOE/cap 
Electricity Consumption 787 KWh/cap 2.500 KWh/cap 7.000 KWh/cap 

NATIONAL ENERGY MIX to 2050 
   (Article 8 & 9, Government Regulation 79/2014 on National Energy Policy) 

New and Renewable Energy 
Oil 
Gas 
Coal 



418 PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017

PYC INTERNATIONAL 
ENERGY CONFERENCE 2017 

NATIONAL ENERGY PLANNING (RUEN) 

PYC INTERNATIONAL 
ENERGY CONFERENCE 2017 
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Development of Power Plants 

1. increasing the electrification ratio by nearly 100% in 2020 (Ministry of 
Energy and Mineral Resources/MEMR) 

2. power plant capacity development: 
➢ 135,4 GW in 2025: 90.4 GW of fossil energy power plants and 

45 GW of NRE power plants 
➢ 444,5 GW in 2050: 275,4 GW of fossil energy power plants and 

169 GW of NRE power plants (MEMR) 
3. formulating of land use mechanism for energy supply on overlaps 

land use. (Ministry of Land and Spatial Planning/ MLSP) 
4. formulating of regionalization electricity business.                                    

(Ministry of State-Owned Enterprises/ MSOE) 
5. applying the progressive electricity tariffs. (MEMR) 
6. ensuring strategic energy infrastructure projects. (Ministry of Finance) 
7. developing a prototype of steam power plant ≤ 200 MW using 100% 

local content, until ready for commercial (Ministry of Research, 
Technology and Higher Education/MRTHE) 

8. mastering of technology nuclear power plant. (MRTHE) 
9. strengthening the implementation and utilization of technology and 

power plant technology components. (MRTHE) 
10. Encouraging the establishment of the Engineering Procurement 

Construction (EPC) for electricity projects with a capacity ≤ 200 MW. 
(Ministry of Industry/MoI) 

11. Facilitating the process of licensing services for the utilization of forest 
areas (including: leasing, cooperation, utilization of environmental 
services, or the release of forest area) for energy sector activities. 
(Ministry of Environment and Forestry/ MEF) 

12. formulating policies that prioritize the use of the national production of 
equipment and services including energy industry. (MoI) 

ACTION PLAN 

TYPE 2015 2020 2025 2030 2040 2050 

NRE 
8.6  16.2  45.2  69.7  118.6  167.6  

14.3% 19.4% 33.3% 36.6% 37.4% 37.8% 

 FOSSIL  
51.5  67.3  90.4  120.6  198.6  275.4  

85.7% 80.6% 66.7% 63.4% 62.6% 62.2% 
 Total  60.1  83.4  135.5  190.2  317.2  443.1  

PYC INTERNATIONAL 
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New and Renewable Energy Targets 

1. Build NRE power plants: 
 
 
 
 

                                           (MEMR) 
 
 
 
2. Establishing a specialized business entity for NRE. (MSOE) 
3. Allocating subsidies feed-in tariff of renewable energy plants. (MEMR) 
4. Providing an area of 4 million hectares gradually to fulfill the needs of 

biofuel raw materials to produce 16.4 million kiloliters of biofuel.(MLSP) 
5. Developing a roadmap of priority plant species and prepare a biofuel 

feedstock crop seeds while maintaining food security. (Ministry of 
Agliculture) 

6. fulfilling biofuel production target of at least 15.6 million kl in 2025 and 
54.2 million kl in 2050. (MEMR) 

7. Developing roadmap biogas development and fulfill the production 
target of 47.4 MMSCFD in 2025. (MEMR) 

8. Assignment of State Owned Enterprises / Public Service Agency to 
develop geothermal power plants. (MEMR) 

9. Assignment of specific State Owned Enterprises to produce and 
purchase biofuels. (MEMR) 

10. Strengthening research and development and application of energy 
industry systems and components primarily for the use of NRE 
(MRTHE) 

11. Facilitation of the location of geothermal and water energy resources in 
the area of conservation forest and protected forest (MEF) 

12. Developing guidelines to encourage potential energy subsidies from 
local government (Ministry of Home Affairs/ MoHA) 

Types of Power Plant (MW) 2025 2050 
Geothermal 7.239 17.546 
Hydro & Micro hydro 20.960 45.379 
Bioenergy 5.532 26.123 
Solar 6.379 45.000 
Wind 1.807 28.607 
Other NRE 3.128 6.383 

2025 

23% 
NRE mix 

92,2 
MTOE 

23,0 
MTOE 

Biofuel 13,9* 
mio KL 

Biomass 8,4  
 mio ton 

Biogas 489,8 
mio M3 

CBM 46,0 
MMSCFD 

electricity 
45,2 

 GW 
69,2 
MTOE 

2050 

31% 
NRE mix 

315,7 
MTOE 

79,4 
MTOE 

Biofuel 52,3* 
mio KL 

Biomass 22,7  
Mio ton 

Biogas 1.958,9 
mio M3 

CBM 576,3 
MMSCFD 

electricity 167,7 
 GW 

236,3 
MTOE 

ACTION PLAN 
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1. Increasing the capacity of the national oil 
refinery to more than 2 million barrels per 
day in 2025, through the construction of new 
refineries and Refinery Development Master 
Plan (RDMP). (MEMR) 

2. Setting the type and volume of operational 
reserves for the purposes of a minimum of 
30 days of consumption. (MEMR and 
MSOE) 

3. Establishing the type, quantity, time, 
location, and management of buffer stocks 
of energy (CPE) and draw up a master plan 
/ roadmap CPE management. (National 
Energy Council) 

4. Providing fiscal and non fiscal incentives for 
energy sales in the country, especially in 
industrial activity. (MoF) 

5. improving the quality of public services the 
local governments who support the 
acceleration of the issuance / simplification 
of license and energy infrastructure 
development in the area. (MoHA c.q. Local 
Government) 

6. Increasing Reserve Replacement Ratio up 
to 100% in 2025. (MEMR) 

Developing of Oil Refinery and Oil Supply 

Import fuel 

Production of fuel from 
domestic refineries 

potential new refinery 1,76 

3,72 
unit: mbpd 

1,4 
1,6 

2,1 

2,4 

2,8 

3,3 
fuel needs appropriate to the National Energy Policy 

ACTION PLAN 
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Coal as the reliable National Energy Supply 
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1. Restructuring the industry machinery, 
publishing green industry standard and 
giving incentives for industrial facilities that 
implement energy efficiency. (MoI) 

2. Accelerating the development of mass 
transport and increased use of gas and 
electricity. (MoT) 

3. Rejuvenating public transport to improve the 
efficiency of energy use. (MoT) 

4. Implementing Minimum Energy 
Performance Standard  (MEPS) dan 
labeling on energy utilizing equipment. 
(MEMR) 

5. Developing Energy Service Company 
(ESCO) policy for the implementation of 
energy efficiency projects. (MEMR) 

6. Accelerating the substitution of fuel with the 
gas transport sector and the development of 
electric trains. (MoT) 

Comparison of economic growth on energy consumption 

Energy Efficiency and Conservation  

Note: 
APAEC  : Asean Plan of Action for Energy Cooperation 
EE&C    : Energy Eficiency and Conservation 

ACTION PLAN 
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2015 2020 2025 2030 2035 2040 2045 2050

49,6 

75,2 

168,9 

unit:  MTOE 

Transportation Sector 

fuel electricty 
biofuels gas 

total 

1. Use of gas 
engine vehicle 

2. Use of EV 
3. Increasing use of 

biofuel 
4. Developing MRT 

system 
5. Applying urban 

transport 
management 
system 
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Industry Sectors - Energy and Raw Materials 

72 

293 

118 

unit:  MTOE 
1. Giving Priority for 

domestic industry 
2. Providing fiscal 

incentives and 
competitive price 

3. Increasing share of 
non-oil investment 

4. Increasing chemical 
industries capacity 

5. Giving location 
preference close to 
energy source 

6. Applying energy 
management 

7. Establishing coal 
gasification 
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Increase Gas Network and DME - Households 

Production LPG 

Import LPG 

Absorbed Natural 
Gas 

unit:  MTOE 
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“Formulating the implementation roadmap of a nuclear 
power as a last choice in the priority of national energy 
development.” 

Nuclear as the last choice in the National Energy Policy, translated in RUEN 
as the following steps: 
• Develop roadmap implementation of nuclear power as a last choice in 

the national energy development priorities; 
• Multi-criteria analysis of the implementation of the NPP; 
• Pre-feasibility study NPP; 
• Build a power reactor as a laboratory research; 
• Encourage international cooperation to enhance technology capability. 

ACTION 
PLAN 

Nuclear Power Development 

2016 2050 
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thank you 
NATIONAL ENERGY COUNCIL 

Jalan Gatot Subroto Kav 49 
JAKARTA 12950 
tel. (62)-21-fax (62)-21- 
www.den.go.id 
 
Adhi Wibowo 
adhiw@esdm.go.id 
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Question and Answer
1. Dennis (Indonesia Defense University)

Questions:
What can DEN do in order to keep the high-quality coal domestically?

Answer:
According to the DMO policy, every mine need to have 26% of their return for domestic 
consumption. When they ran out of contracts, two options will be given: to stop mining or 
to continue mining but with all the production goes into the domestic market.

2. Iman (ITB)

Questions:
In energy mix 2050, there is a 31% share of new and renewable energy while the rest 
came from coal, oil, and gas. How sustainable is this mix?

Answer:
In concept, we also consider technological growth. With the presence of electric cars in 
the future, we believe that the produced electricity from the renewable energy sources 
will be fully utilized.

3. Novena (Indonesia Defense University)

Questions:
We are coming close to the 2025 23% target of the energy mix. What is the recommendation 
DEN can give to jump-start the renewable energy development?

Answer:
We need to have guidance to work efficiently. KEN is the guidance that in 2025, there will 
be 23% share of renewable energy in the energy mix. We have a lot of renewable energy 
sources. However, to utilize those resources, the permission does not stop in the ministry 
of energy and mineral resources alone, and further permission from different ministers 
and agency are required. This, of course, will take a lot of time to be sorted out.

4. Linggo Suryo (Masyarakat Reksobumi Lereng Muria Jepara)

Questions:
If we are not sure with the nuclear power plant, it is better not to include it in the plan. This 
is my suggestion

Answer:
The decision is not in my hand. However, I can give this message to the board as it is 
true that in board discussion would like to exclude option from the nuclear power plant.
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East Natuna: Is it Hydrocarbon or Carbon Dioxide Field?
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Abstract. The East Natuna gas field is located in the Greater Sarawak Basin (East Natuna 
Basin) about 225 kilometers northeast of the Natuna Islands. The reservoir is at a water depth 
of 476 ft within the Miocene Terumbu Formation with a crest at 8,720 ft subsea. The estimated 
resource in place of the East Natuna field is around 222 trillion cubic feet of which total proven 
reserves of natural gas are 46 trillion cubic feet, and forecasted production scenario to be 
around 1.98 billion cubic feet per day.  The gas has an average composition of 71% Carbon 
Dioxide, 28% methane and heavier hydrocarbons, 0.5% H2S and around 0.5% N2. With the 
current economics, gas produced from this field is less competitive in the gas market. With 
high cost, gas sales price will be high to meet project economics criteria. Current oil price also 
contributes putting this field development less competitive.
This report shows the Carbon Dioxide wide utilization of Carbon Dioxide flooding for Enhanced 
Oil Recovery, Carbon Dioxide conversion to Fuel and intermediate chemicals, and supercritical 
solvents can benefit the East Natuna Development. This study shows us if field commercial 
scenario includes hydrocarbon (CH4) and Carbon Dioxide product as sales commodity there 
is around 100 percent increase in revenue compared to CH4 product sales only. To the 
extreme, by installing Methanol Plant in field battery limit, total revenue will become 20 times 
compared to current scenario (CH4 product sales only). 
Keywords:  East Natuna, Carbon Dioxide, Methanol

Background
When gas from reservoir contains significant amount of hydrogen sulfide and carbon dioxide, it is 
defined as Acid or Acidic Gas, because when dissolved in water they form weak acids. Hydrogen 
sulfide combined with water forms sulfuric acid and carbon dioxide combined with water forms 
carbonic acid. Both are undesirable because they; causing corrosion in the flowlines, gas plants, 
and pipelines; reducing heating value and thus sales value; hydrogen sulfide is poisonous and may 
be lethal. The composition of hydrogen sulfide and carbon dioxide varies for each gas reservoir. 
This will lead to other terms, sour gas; if the gas contains only with hydrogen sulfide and other 
sulfur compounds. The removal technology for acid gas also varies depends on the composition 
of the hydrogen sulfide and carbon dioxide in the raw gas. Once removed from the raw gas, 
the question arises as to what should be done with the separated acid gas. If there is a large 
amount of hydrogen sulfide concentration, it may be economical to build sulfur plant to convert 
the hydrogen sulfide into the more benign elemental sulfur. Once the hydrogen sulfide has been 
converted to sulfur, the leftover carbon dioxide can be emitted to the atmosphere or produced as 
industrial product. For small acid gas streams, sulfur plants are not feasible. The development 
cost for this type of fields relatively larger than dry or lean gas fields. Moreover, when the reserve 
is not large enough then project economic become marginal or worst, not commercial.

In some countries, it was permissible to flare small amounts of acid gas. However, with growing 
environmental concerns, after Kyoto Protocol, such practices are being minimized. Recently, acid 
gas injection has quickly become the method of choice for the disposal of such gases. 
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The East Natuna gas field is located in the Greater Sarawak Basin (East Natuna Basin) about 225 
kilometers northeast of the Natuna Islands. The reservoir is at a water depth of 476 ft within the 
Miocene Terumbu Formation with a crest at 8,720 ft subsea. The estimated resource in place of 
the East Natuna field is around 222 trillion cubic feet of which total proven reserves of natural gas 
are 46 trillion cubic feet, and forecasted production scenario to be around 1.98 billion cubic feet 
per day.  The gas has an average composition of 71% Carbon Dioxide, 28% methane and heavier 
hydrocarbons, 0.5% H2S and around 0.5% N2. 

 

Figure 1. East Natuna Site Location (Source: Wood Mackenzie)

Status of  current Development
The field was discovered in 1973 by an Agip-led consortium and it was relinquished in 1978.  On 8 
January 1980, the Natuna D Alpha block was awarded to a joint venture of Exxon-Natuna (Exxon) 
and PERTAMINA. However, due to the high Carbon Dioxide content, the partnership was not able 
to start production. In 1995, the Indonesian government signed a basic agreement with Exxon and 
Pertamina to develop the field. In the development plan, produced gas would be stripped of inerts 
offshore and transported to a new, purpose-built LNG plant on Natuna Island. In December 1998, 
Exxon and Mobil merged their global operations to form ExxonMobil. The extension exploration 
term of the PSC expired on 9 January 2005 and a further extension was granted up to 2009.  
BPMIGAS terminated the PSC license in January 2009 due to a continued lack of progress in 
developing the block.  The Indonesian government appointed PERTAMINA to carry out a feasibility 
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study including the identification of new PSC partners for the development of the Natuna D Alpha 
Block. Later in 2009, eight companies were officially listed as potential partners - Shell, Statoil, 
Total, Eni, ExxonMobil, Chevron, PETRONAS Carigali and China National Petroleum Corporation 
(CNPC).  In December 2010, it was announced that PERTAMINA had signed heads of agreements 
with ExxonMobil, PETRONAS Carigali and Total to work together on the development of the East 
Natuna PSC, containing the Natuna D Alpha field. Correspondingly, the field was renamed East 
Natuna to be geographically more precise. In February 2012, PETRONAS withdrew from the 
East Natuna PSC consortium and in November 2012 it was confirmed that PTTEP would join 
the consortium. Total withdrew from the consortium in mid-2013. In July 2017, ExxonMobil and 
PTTEP withdrew from the consortium. ExxonMobil and PTTEP decided to pull out of after a 
feasibility study confirmed that development of the Natuna D Alpha giant gas field is not economic 
in the current technology and market condition PERTAMINA has announced that it will look for 
new partners before proceeding with further activity.

Carbon Dioxide Characteristics
Carbon dioxide is chemical compound consist of one molecule of Carbon and two molecules of 
Oxygen. Carbon dioxide was the first gas to be identified as a discrete substance. Carbon dioxide 
was discovered in 1640 by a Belgian chemist Jan Baptist van Helmont. He observed that resulting 
ash from charcoal combustion in a closed vessel was much less mass than that of the original 
charcoal. The mass was described transformed into invisible gas. Joseph Black, a Scottish 
physician and chemist, in 1750 studied the properties of Carbon Dioxide. Black noticed that upon 
heating, limestone or calcium carbonate (CaCO3) produced a gas that was denser than air and 
could not sustain fire or animal life. He called this gas ‘fixed air’. Black discovered that when 
bubbled through an aqueous solution of lime (calcium hydroxide), it would precipitate calcium 
carbonate. In 1772, English chemist Joseph Priestley demonstrated that fixed air (now known 
as Carbon Dioxide) can be produced from several reactions including alcoholic fermentation, 
combustion and a mixture of oil of vitriol and chalk (sulfuric acid and calcium oxide). He also 
showed that it is soluble in water and that its toxic effects can be reduced when agitated in water. 
In 1823 by Humphry Davy and Michael Faraday liquefied a number of gases including Carbon 
dioxide at elevated pressures. In 1835 by Adrien-Jean-Pierre Thilorier observed the critical point 
of Carbon Dioxide and solid Carbon Dioxide. He noted that a glass tube containing both liquid 
and gaseous Carbon Dioxide would contain only one phase if it were warmed above 30C; the 
pressure at this point was 7.4MPa.

Modern chemical establishes Carbon dioxide is produced from respiration, photosynthesis, 
fermentation, decomposition, pyrolysis-combustion, ocean release, synthetic ammonia production, 
hydrogen production, limestone calcination, and the earth release from mining and exploration 
activities. Carbon dioxide is colourless. At low concentrations the gas is odourless however, it has 
a sharp acidic odour at sufficiently-high concentrations. 

Supercritical Carbon Dioxide
One of interesting Carbon Dioxide characteristics is its behaviour beyond critical temperature. 
Carbon dioxide in standard temperature and pressure usually behaves as a gas or as a solid 
called dry ice when frozen. Carbon dioxide behaves like a gas but with a density of a fluid, if the 
temperature and pressure beyond its critical temperature (304.25 K, 31.10 °C, 87.98 °F) and 
critical pressure (72.9 atm, 7.39 MPa, 1,071 psi). 
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Figure 2. Supercritical CO2 Phase Diagram

Phase boundary lines define the areas of each Carbon Dioxide phase. At the triple point, solid, 
liquid and gaseous Carbon Dioxide coexist in thermodynamic equilibrium. Along the solid-gas 
line below the triple point, Carbon Dioxide sublimes from a solid to a gas. Along the solid-liquid 
line above the triple point, solid Carbon Dioxide melts to a liquid. Along the liquid-gas line above 
the triple point, liquid Carbon Dioxide evaporates into a gas. At the critical point, the liquid and 
gaseous states of Carbon Dioxide are indistinguishable, and no phase boundaries exist. Beyond 
critical point, temperature and pressure characterize the area in which Carbon Dioxide is a 
supercritical fluid.
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Figure 3. Pressure Effect to Supercritical Carbon Dioxide Density adapted from Solubility in 
Supercritical Carbon Dioxide, Gupta and Shim, 2007

Supercritical fluids cannot be liquefied even with extreme compression. However, one may 
increase pressure to change the density of a fluid continuously from a gas-like state to a liquid-like 
state. Near the critical region, small changes in pressure can give rise to large changes in density.

Supercritical Carbon Dioxide, with this phase behaviour, is becoming competitive to be transported, 
injected, and used as a solvent in various chemical extraction. As a solvent, relatively low 
temperature and stable supercritical Carbon Dioxide allows most compounds to be extracted with 
little damage or denaturing, meanwhile, the solubility of many extracted compounds in Carbon 
Dioxide varies with pressure, permitting selective extractions. Supercritical carbon dioxide has 
been industrially used in a variety of processes, including coffee decaffeination, tea decaffeination, 
and extraction of fatty acids from spent barley, pyrethrum, hops, spices, flavours fragrances, corn 
oil, and colour from red peppers. Other applications include polymerization, polymer fractionation, 
particle formation for pharmaceutical and military use, textile dyeing, and cleaning of machine and 
electronic parts. Carbon dioxide is the supercritical fluid of choice because it is non-flammable, 
nontoxic, inexpensive, and has near-ambient critical temperature. Supercritical Carbon Dioxide 
can improve power conversion efficiency as working fluid in Recompression Closed Brayton 
Cycle (RCBC) compared to Steam Rankine Cycle. 

East Natuna Development Challenges
Hypothetically, the economics of an oil and gas fields development depends on following financial 
and technical challenges and considerations:

1. Low revenue due to:

a. low reserve capacity
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b. low recoverable reserve (i.e. low production) with conventional recovery method and 
technology

c. low oil and gas price
d. state and local regulations and policies

2. High cost due to:

a. recovery method and technology
b. drilling method and technology
c. production method and technology
d. product purification method and technology
e. product conditioning method and technology
f. byproduct and waste management
g. abandonment method and technology
h. transportation
i. offshore location
j. water depth
k. remote area
l. very long project duration
m. high oil and gas price which led the increasing of steel /metal price
n. state and local regulations and policies

3. High risk due to:

a. lack of information on reserve capacity
b. geographical conditions
c. state or local political conditions

Above current status on East Natuna Development describes it is facing significant challenges. 
First, the location of the field is remote and stranded. The field located near Indonesia border with 
Vietnam and Malaysia.

Table 1. East Natuna Distances from Specific Sites

To Indonesian Asset To Foreign Asset 
225 km to Natuna Island 226 km to M3 Field Malaysia 
367 km to North Belut CPP 268 km to Kanowit (FLNG Satu) Malaysia 
398 km to West Kalimantan shoreline 600 km to Kerteh Malaysia 
463 km to Anoa FPSO 256 km to Lan Do Vietnam 
469 km to Gajah Baru CPP 278 km to Chim Sao FPSO Vietnam 
1400 km to Java Indonesia 600 km to Vietnam shoreline 
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Figure 4. East Natuna Distances from Specific Sites (using Upstream Tools Wood Mackenzie)

Building a huge offshore complex infrastructure to accommodate most likely 222 TSCF raw gas 
produced from the reservoir at a remote and stranded area is a challenge. The remote location of 
the field, distant from all of the major regional gas markets. Gas transport will be one of significant 
cost drivers for the development.  

East Natuna reservoir consists of 71% Carbon Dioxide, 5000 ppm H2S, and these are the other 
challenges for development. Carbon Dioxide and H2S removal cost will have a negative impact 
on the development economics. A Huge amount of Carbon Dioxide and H2S release to the 
atmosphere will be a problem for the environment. Carbon Dioxide injection is an option, but it 
will not give direct incentive to development economics. It is like us save our money to the bank 
but without an interest rate. The capital cost of Carbon Dioxide and H2S removal for East Natuna 
development can reach approximately 10-20 percent of total project capital expenditure depends 
on technology selection.

With the current economics, gas produced from this field is less competitive in the gas market. 
With high cost, gas sales price will be high to meet project economics criteria. Current oil price 
also contributes putting this field development less competitive. 

Opportunities
We can look from a different view; With reservoir consists of 71% Carbon Dioxide, East Natuna will 
become giant Carbon Dioxide producer. We can put this Carbon Dioxide giant reserve in world’s 
supply and demand picture. Carbon Dioxide demand depends on Carbon Dioxide utilization. 
In Oil and Gas upstream sector, promising alternatives for carbon Dioxide utilization are Cyclic 
Stimulation or Huff and Puff Stimulation, and Carbon Dioxide flooding (EOR). Cyclic Stimulation 
or Huff and Puff is stimulation technology which injects Carbon Dioxide into depleted and aging oil 
wells. The well then shut-in to provides certain time to allow Carbon Dioxide dissolved to oil. This 
soaking causes oil swelling, increased saturation and permeability, and reduced viscosity. Carbon 
Dioxide injection also suppress water production from coning and reduce paraffinic effect. Huff 
and Puff is generally used only in small fields or in a pilot test to establish suitability or potential 
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for Carbon Dioxide flooding (EOR). 

 

Figure 5. Cyclic Stimulation or Huff and Puff adapted from Technical aspects of CO2 enhanced 
oil recovery and associated carbon storage, Global CCS Institute 2013

Enhanced Oil Recovery (EOR) using Carbon Dioxide now is a promising route compared to 
Chemical EOR. Carbon Dioxide flooding comes in two methods which determined by reservoir 
pressure and influenced by operating parameters. The first method is an immiscible flood. It is 
basically a drive mechanism that injected Carbon Dioxide pushes the oil towards the production 
well. The second method is miscible flood which Carbon Dioxide is injected into the reservoir to 
contact with the oil. Carbon Dioxide and oil create a miscible zone that can be moved more easily 
to the production well. Usually, Carbon Dioxide injection is combined with water injection to sweep 
the oil towards the production zone. Beside of pushing, Carbon Dioxide reduces oil viscosity and 
density (oil swelling) that results in a more efficient sweep of oil. 
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Figure 6. CO2 Flooding (Miscible) adapted from Technical aspects of CO2 enhanced oil 
recovery and associated carbon storage, Global CCS Institute 2013

In other sectors, Carbon Dioxide utilization also becomes wider. The alternatives utilization routes 
in the downstream sector are:

1. Carbon Dioxide Conversion to Fuel

Carbon Dioxide conversion to Methane has been first discovered by Sabatier and Senderens in 
1902. The Sabatier reaction or Sabatier process involves the reaction of hydrogen with carbon 
dioxide at elevated temperatures (300–400 °C) and pressures in the presence of a nickel catalyst 
to produce methane and water. It is described by the following exothermic reaction:

CO2 + 4H2 ⟷ CH4 + 2H2O   ∆H = −165.0 kJ/mol

Later, the process consists of a collection of chemical reactions that converts a mixture of carbon 
monoxide and hydrogen into liquid hydrocarbons first developed by Franz Fischer and Hans 
Tropsch at the Kaiser-Wilhelm-Institut für Kohlenforschung in Mülheim an der Ruhr, Germany, in 
1925. The Fischer–Tropsch process occurs in the presence of certain metal catalysts, typically 
at temperatures of 150–300 °C and pressures of one to several tens of atmospheres. Reactions 
involved in the methanation of carbon oxides from this process:
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Table 2. Possible Reaction Occurs in Fischer–Tropsch and Methanation Process

Reaction 
No 

Reaction Equation Enthalpy 
H at 298K 

1 CO + 3H2 ⟷ CH4 + H2O -206.1 
2 CO2 + 4H2 ⟷ CH4 + 2H2O -165.0 
3 2CO + 2H2 ⟷ CH4 + CO2 -247.3 
4 2CO ⟷ C + CO2 -172.4 
5 CO + H2O ⟷ CO2 + H2 -41.2 
6 CH4 ⟷ 2H2 + C 74.8 
7 CO + H2 ⟷ C + H2O -131.3 
8 CO2 + 2H2 ⟷ C + 2H2O -90.1 
9 nCO + (2n+1)H2 ⟷ Cn+H2n+2 + H2O  

10 nCO + 2nH2 ⟷ Cn+H2n + nH2O  
 

2. Carbon Dioxide Conversion to intermediate chemicals

One of prime intermediate chemicals is Methanol. It is commercially produced from syngas (CO, 
CO2, and H2) using CuO/ZnO/Al2O3 catalysts. Reactions involved in this process:

Table 3. Possible Reaction Occurs in Methanol Production from Synthetic Gas

Reaction 
No 

Reaction Equation Enthalpy 
H at 298K 

1 CO + 3H2 ⟷ CH4 + H2O -206.1 
2 CO2 + 4H2 ⟷ CH4 + 2H2O -165.0 
3 CO2 + 3H2 ⟷ CH3OH + H2O -49.5 
5 CO + H2O ⟷ CO2 + H2 -41.2 
7 CO + 2H2 ⟷ CH3OH  -90.5 
 

Direct conversion from Carbon Dioxide to Methane and Methanol is facing undergoing research 
and pilot plant challenges. Other Carbon Dioxide conversion to intermediate products summarized 
in the following table.
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Table 4. Chemical Compounds from Carbon Dioxide adapted from CO2 utilization: 
Developments in conversion processes Alper and Orhan(2016)

3. Carbon Dioxide as solvent 

The supercritical phase of Carbon Dioxide allows its supreme application in pharmaceuticals or 
food sectors chemical extraction. Some application of Supercritical Carbon Dioxide solvent for 
natural extracts describes in the following table:  



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 437

Table 5. Natural Extracts using Supercritical Carbon Dioxide (adapted from Natural Extracts 
Using Supercritical Carbon Dioxide, Mamata Mukhopadhyay, 2000) 

Extract                                Source                      Commercial Applications 
Ginger oil Zingiber officinalis Oriental cuisines, beverages 
Pimento berry oil Pimenta officinalis Savoury sauces, oral hygiene 
Clove bud oil and oleoresin Eugenia caryophyllata Meats, pickles, oral hygiene 
Nutmeg oil Myristica fragrans Soups, sauces, vegetable juices 
Juniper berry oil Juniperus officinalis Alcoholic beverages, gin 
Celery seed oil Apium graveolens Soups, vegetable juice (tomato) 
Vanilla absolute Vanilla fragrans Cream liqueurs, pure dairy foods 
Cardamom oil Elletaria cardamomum Meats, pickles, spice blends 
Aniseed oil Illicium verum Liqueurs, oral hygiene 
Coriander oil Coriander sativum Curry, chocolate, fruit flavours 
Pepper oleoresin and oil Piper nigrum Spices, meat, salad dressing 
Cinnamon bark oil Cinnamonum zeylendium Baked goods, sweet products 
Cumin oil Cuminium cyminum Mexican and Indian cuisines 
  and pharmaceuticals 
Marjoram oil Majorlana hortensis Soups, savoury sauces 
Savory oil Satureja hortensis Soups, savoury sauces 
Rosemary oil Rosemary officinalis Antioxidant, soups 
Sage oil Salva officinalis Meat, sauces, soups 
Thyme oil Thymus vulgaris Meat, pharmaceutical products 
Paprika color (oleoresin) Capsicum annum Soup, sauces, sweets 

 

The main advantages of using Supercritical Carbon Dioxide as the extractant described as follows:

a. High yield
b. Generally regarded as safe and non-hazard for the environment, non-flammable 

and non-combustible. Carbon Dioxide is non-toxic to the process and much-reduced 
pesticides

c. Loss of top notes and back notes of the extracted product are unlikely. 
d. Thermal degradation of the extracted product is avoided due to low temperature and 

inert environment of the supercritical phase of Carbon Dioxide. Therefore, it is suitable 
for extraction of thermally labile-heat sensitive flavour and fragrance components. 
Natural extract products having light colour, transparent (shining) quality.

e. Supercritical Carbon Dioxide allows selective extraction of components, and 
eliminates oxidants or dissolved oxygen.

f. Energy efficient solvent regeneration 

4. Carbon Dioxide utilization is acknowledged for such long time for food and beverages industry. 
Carbon dioxide is used for gas flush usage for modified atmosphere packaging), anaerobic 
agent to control bacteria, snow and dry ice – usually rice style dry ice or pellets, cryogenic 
freezing and pre or post-cooling applications to enhance the refrigeration value of a food 
product, carbonation of soft drink, brewery, and champagne products. 

5. Carbon Dioxide also used as coolant fluid for the industrial cooling system. Designated 
ASHRAE Code for Carbon Dioxide coolant is R-744. 
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Market
Currently, Carbon Dioxide supply comes as a by-product or waste product from petrochemical 
and power. Carbon capture supply form oil and fields are growing. Revenue generated from 
Carbon Dioxide sales is likely to be moderate. The price of bulk CO2 is typically agreed through 
private negotiations between parties and is not generally openly published currently. The number 
is varying from US$5/ton to US$26/ton.

 

Figure 7. Carbon Dioxide Demand and Consumption adapted from Accelerating the uptake of 
CCS: industrial use of captured carbon dioxide, Brinckerhoff, P. (2011)

Carbon Dioxide demand is projected to be upward due to Carbon Dioxide Flooding increasing 
consumption. The consumption by 2020 can reach double from current consumption. Carbon 
Dioxide price is projected to be down due to strong potential supply surplus. Since utilization of 
Carbon Dioxide in Enhanced Oil Recovery, its price considered ties with oil price. Carbon Dioxide 
price does no longer consider or depend on Carbon Capture (removal and purification) from 
petrochemical and power plant cost. 

 

Figure 8. 2011 Carbon Dioxide Capture Cost from Power Plant adapted from Gerdes. K NETL 
2014
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Figure 9. Carbon Dioxide Forecast Price ties with Oil Price adapted from Gerdes. K NETL 2014

How about the Methanol market? Global methanol market shows positive demand. It is likely to 
surpass 120 million metric tons by 2025. The major demand comes from China, boasting above 
50 percent of world demand.

 

Figure 10. World Global Methanol Demand adapted from http://zeep.com/market-opportunities/

Methanol pricing is driven by supply and demand pressures. Historically, Methanol price is up 
and down since 2008. Methanol becomes competitive as building block for intermediate chemical 
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production compare to crude oil derived products.

 

Figure 11. Methanol Historical Price adapted from https://www.icis.com/subscriber/
icb/2017/03/13/10086615/price-and-market-trends-europe-methanol-hits-eight-year-high/

Take Away for East Natuna
Carbon Dioxide wide utilization from supercritical solvent up to the production of intermediate 
chemical and fuel, allows us to assure that Carbon Dioxide supply from oil and gas field has 
economic values. In East Natuna case, the assumption of production capacity 1,000 MMscfd 
CH4, there will be 2,536 MMscfd Carbon Dioxide or almost 132,000-ton/day Carbon Dioxide 
available to be processed and monetized. If we converted Carbon Dioxide to produce Methanol, 
East Natuna Carbon Dioxide will produce approximately 95,896 ton/day Methanol. With current 
Carbon Dioxide price of 20 – 40 US$/ton and Methanol price of 430US$/ton, the field now becomes 
competitive compared to 2-3 US$/ MMBtu CH4 product.
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Figure 12. Revenue Comparison between East Natuna possible product

With respect to East Natuna production assumption of 1000 MMscfd CH4, daily revenue of CH4, 
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Carbon Dioxide or CH3OH as follows:

Table 6. Revenue from East Natuna (assumption 100 percent CO2 conversion rate to Methanol)

1.000                         MMscfd CH4 = 1.000.000               Mmbtud 3.000.000               $/d
2.536                         MMscfd CO2 = 131.857                   ton/d CO2 5.274.286               $/d

1 ton/d CO2 = 0,73 ton/d CH3OH or
131.857                   ton/d CO2 = 95.896                      ton/d CH3OH 41.235.325             $/d

What we get from East Natuna Equal to Revenue

Figure 13. Gibbs Equilibrium Reaction for 1 MMscfd CO2 to Methanol

Hydrogen production cost suspected to be significant major cost driver. Current estimated cost 
for hydrogen production in situ is 1-3 US$/kg, predominantly sea water electrolysis fuel cost. 
Utilization of renewable technology, wind and solar energy for electrolysis, opens the opportunities 
to supress hydrogen production cost. 

Above calculation purpose is to show other opportunity beside gas production and Carbon Dioxide 
injection. It must be followed with proper analysis and engineering study to determined exact 
economics of East Natuna development.

 

Figure 14. World’s Largest CO2 Methanol Plant – George Olah in Iceland (picture taken from 
http://carbonrecycling.is/george-olah/)
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Conclusions
East Natuna gas field development is under pressure with the current scenario. Stranded location, 
high Carbon Dioxide impurities and gas price condition under low oil price atmosphere, drive the 
project economics to be worst. With Carbon Dioxide emissions up to 71 percent of gas produced 
from East Natuna Field, the project becomes threats to surrounding environment. Another view 
of this field development is required to include all opportunities. One of the views is product-by-
product utilization, product-by-product values, and competitiveness.

Carbon Dioxide supercritical behaviour, non-toxic properties, non-flammable, and non-combustible 
with good solubility in a chemical compound like natural extracts and hydrocarbon, widening its 
utilization as an industrial solvent and flooding fluid for Enhanced Oil Recovery. 

Carbon Dioxide is potentially a suitable building block to replace oil and gas in many synthetic 
applications. Its conversion to fuel and many intermediate chemicals is economically potential. 
Carbon Dioxide is a non-toxic component and can replace toxic building blocks such as Carbon 
Monoxide and Phosgene in many commercial chemical processes. Carbon Dioxide conversion 
is an alternative pathway to produced Methanol and has competitive economics compared to 
petroleum-based Methanol. Methanol is one of the valuable chemical compounds for industrial 
purposes. Its demand is likely increasing, but the pricing is still strongly depending on global 
methanol supply and demand.

Product price comparison shows us if field commercial scenario includes a hydrocarbon (CH4) 
and Carbon Dioxide product as sales commodity there is around 100 percent increase in 
revenue. To the extreme, if we install Methanol Plant in field battery limit, then commercially 
we include all hydrocarbon and Methanol products as sales commodity, the total revenue will 
become approximately 15 times compared to current scenario (CH4 product sales only). It is 
almost assured that East Natuna can be competitive to be developed again.

Nevertheless, the further techno-economics analysis is required, to estimate more detail 
technology and the production cost of each scenario. This analysis should include proportional 
sales distributions and production capacity combination of Methane – Carbon Dioxide – Methanol. 
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Baturaden Geothermal Work Area (WKP) has a total area of 24,660 Ha that covered Banyumas, 
Tegal, Brebes, Purbalingga, and Pemalang District, Central Java Province according to Keputusan 
Menteri Energi dan Sumber Daya Mineral Nomor 1557 k/30/MEM/2010. Keputusan Gubernur 
Jawa Tengah Nomor 541.1/27/2011 which issued on April 11th, 2011 had declared that PT 
Sejahtera Alam Energy (PT SAE) acquired legal permit Izin Usaha Pertambangan then adjusted 
into Izin Usaha Panas Bumi (IPB) to develop WKP Baturaden. 

According to the Head of Energy and Mineral Resources of Banyumas, the total production 
capacity of Baturaden Plant was planned to reach 220 MW, divided into three stages. The first 
stage in 2017 was targeted to achieve 110 MW, the second stage in 2019 will be increased 
by 70 MW, and the third stage in 2021 will be increased by 40 MW for total capacity 220 MW. 
This large capacity can be used for fulfilling electrical demand in Banyumas District and Central 
Java in general. Banyumas’ electrical consumption reached 1.408 million kWh in 2015, and the 
demand is increasing every year. According to Statistik Daerah Kabupaten Banyumas Tahun 
2015, 94.33% of total electric energy provided by PLN was used for domestic use. Economic 
activities of locals around the Baturaden in general are depended on agriculture, livestock, and 
small-scale home industry. 

The development of geothermal energy has destructive impacts on the environment if it is 
reviewed in the short term and local perspective, but has a beneficial role to the environment 
globally and long term perspective. When compared with some other energy sources such as 
fossil fuel, geothermal produce minor pollution and minimum damage to the environment. In 
reality, geothermal development should be in harmony with environment preservation and efforts 
to control global warming so that geothermal can benefit from the Clean Development Mechanism 
of the Kyoto Protocol. Local consequences of geothermal development are land opening which is 
often located in protected areas, the pollution of water sources in the vicinity of the location of the 
project, as well as changes to the forest ecosystems. Unfortunately, these impacts are the ones 
that come into contact with the local communities. 

Based on complaints from the local community, there has been water contamination of the Prukut 
River in Cilongok Subdistrict, Regency of Banyumas. Pollution of the river water is the result of 
road construction which dumped tree materials and soil into the river. The occurred turbidity was 
affecting the activities of local people because the river water is the primary source of clean water 
in Cilongok district. The majority of the people in the area occupied by farmers, ranchers, and tofu 
producer, so economic activity being hampered due to dependencies over the Prukut River [2].

Exploration drilling activity is also suspected by locals as a reason that many wild animals went 
into the residential area and damage the existing crops. Residents reported the presence of the 
boar and monkeys that get into the settlement and damaging the vegetable crops; there are even 
citizens who claim to have ever seen a leopard near the settlement [3]. Drilling activity was also 
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feared would siphon clean water from the Banjaran and Logawa River in large quantities.

Another problem that became a concern in the development of the geothermal activity in the 
Baturaden Geothermal Field is the lack of socialization to local communities. Many citizens 
claimed they were not informed by both government and developer. Socialization, in fact, had 
been done by the Government and PT SAE to the local community. Based on the report of PT 
SAE Quarter III in July-September 2016, socialization has been held four times in each district in 
September. However, the public did not understand enough about this development process, so 
there are some citizens that not knew about the existence of the project [5].

The last socialization on May 24th 2017, was inviting Director of New-Renewable Energy and 
Energy Conservation, head of the Energy and Mineral Resources of Central Java Province, head 
of Department of Environment of Banyumas Central Java Province, local Government Leaders, 
NGO, mass media, Student Body and Student Association of Nature and Adventure Activity 
(Mapala) UNSOED. Unfortunately, many invited were not present, and some invited even walked 
out after the declaring their refusal of this project [2]. This forum was a good attempt from PT SAE 
at conveying information to the public, but the program was not put to good use by participants to 
seek a win-win solution. 

The case of the WKP Mt. Slamet and other geothermal location proved the urgency of intensive 
communication between industry, government, social community, civic institutions, and educational 
institutions. Geothermal development permit holders currently have been returned to the Central 
Government, but of course, that does not mean there is no clear communication between Local 
and Central Government. The reason is that local Government deal directly with communities and 
familiar with the conditions of the regions.

Declining water quality around project area should be responded by tactical and dynamic manners. 
There is a need for water treatment in the water sources which used by the local communities and 
vital to the ecosystem. For the case of Baturaden, PT SAE has done treating in the upper stream 
of the Prukut River that covered by mud and sediments due to exploration drilling activity and road 
construction [4]. Still, it is best for the community to be able to control and provide an alternative to 
other water sources that are relatively safe to use.

Common society often confused in understanding a Geothermal Work Area (WKP) with the area 
that will be converted. The total area WKP Baturaden is 24.660 Ha, but the project will only use 
675 Ha of its total work area.The area is relatively small when compared to total green forests in 
the region of Mount Slamet that reach 52.617 Ha. However, this forest conversion will still disturb 
the equilibrium of the very sensitive Mt. Slamet’s ecosystem. Hence, it is mandatory to have 
cooperation from all parties to conduct careful and potent reforestation to replace the converted 
forest.

Many communities have not been sufficiently understood about geothermal energy, so it is 
often confused between geothermal development with the exploitation of gas and oil. There are 
fears in some communities that geothermal exploitation can lead to disastrous Lumpur Lapindo. 
Furthermore, in a number of locations there is an increment of volcanic activity that triggers 
chemical changes in soil and can produce gas that caused phenomenon similar to the mud, as 
in the northern part of Mt. Tangkuban Perahu. Though of course the scale of this phenomenon is 
minor and non-destructive.

Geothermal still has negative stigmas in some communities who very protective of the natural 
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environment. The existing mindset of conservative society needs to be straightened out so that 
information is not distorted by some parties aiming to take advantage of this conflict. We need 
to promote geothermal not only to corporate or intellectuals but also to the general public. So 
there is an awareness that the advantages of geothermal are not only addressed to the elites 
but also contributing positively to the general public especially around the site of the project. The 
implication of the community in the geothermal development project is necessary because it 
concerns the home and life of the community.

It is best for geothermal development to coordinate with educational and research institutions 
when facing a clash with community-related to the project. It is based on several things: First, the 
educational institution is more trusted by the community, and it can be served as a neutral and 
objective mediator between developer and society. Secondly, educational institutions especially 
colleges have extensive scientific resources and creativity to be applied in dealing with the 
challenges in the field. Third, the responsibilities of the educated to help communities that are 
aligned with one of the Tri Dharma Perguruan Tinggi: public service. Fourth, the competencies 
of the College is its adaptability to heterogeneous social conditions to look for solutions. The 
student as a part of the educated class must also play active roles in critical, objective and neutral 
manners for geothermal development. So it can look for the best solution for all parties.

Production of geothermal energy ideally is accompanied by productivity increase of the local 
community around development area. The project must be able to absorb labor from the local 
people, provide education, to improve social welfare, as well as the modernization of economic 
activities of the community. Reconciliation with the community is certainly becoming a mandatory 
checkpoint in geothermal development if the project is designed to be sustainable. Therefore, by 
providing positive contributions to the community, then the relationship with the community will 
be improved.

The geothermal development project can potentially contribute to a reduction of 675 Ha forest in 
Mount Slamet of the total 52.617 Ha. Negative influence posed short-term development needs 
to be mitigated to prevent further harm. The water source contamination must be dealt with care 
as it pertains to the primary needs for the sustainability of the communities around the project. 
Socialisation in conjunction with several institutions and organizations should also be intensified 
so that the public can understand comprehensively.
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I recently spent a weekend in the East Java countryside, and every evening as the sun set the air 
became pregnant with the smell of wood smoke. This is because many people in that area still 
cook their meals on stoves heated over wood fires. Those hazy evenings were enjoyable, but they 
also served as a reminder that supplying sufficient energy to rural and remote areas in Indonesia 
is an ongoing challenge. 

Eastern Java is relatively well served by the existing power grid. But the problem becomes acuter 
in remoter parts of the archipelago, like the Maluku Islands or Papua. A typical village house might 
use biomass fuel like wood for cooking, while running a few lightbulbs and a television on a diesel 
generator. These diesel generators are dirty and costly, subsidized largely by the government 
(SERIG, 2017). The state energy company, PLN, is struggling to get these areas consistently 
electrified. Building reliable electrical grids in far-flung islands, particularly in the eastern edges of 
Indonesia, is capital-intensive and rates, even when accounting for subsidies and price controls, 
are much higher than in other areas. 

President Jokowi’s infrastructure investment plan includes the ambitious goal of increasing 
energy production by 35 GW, yet much of this is concentrated in traditional coal-fired plants and 
expanding the existing grid in population-heavy islands like Java and Sumatra (The Economist, 
2016). The energy needs of the eastern part of the country are not comprehensively addressed 
in the plan. Indeed, the Asian Development Bank just approved a $1.1 billion loan targeted at 
the Indonesian energy sector, over half of which is specifically earmarked for developing energy 
solutions in eastern Indonesia (Asian Development Bank, 2017). 

The major obstacle is simply geography, and that cannot be changed. Islands in the east of 
Indonesia are remote and suffer from under-developed infrastructure. They are hard to get too, 
and economic activity is often low, making it difficult to justify investment in capital-intensive power 
plants and distribution systems. Other obstacles are familiar: land acquisition is cumbersome 
and time-consuming; sustainable financing can be hard to come by; and regulatory hurdles, 
including navigating the decentralized labyrinth of Indonesia’s bureaucracy, act as a barrier to 
entry (Rakhmat, 2017). 

These obstacles are policy problems, however, and they have policy solutions. Steps have already 
been taken to address some of these issues (PwC, 2016). The National Land Use Agency (BPN) 
was authorized via legislation to re-centralize control over land use issues in 2012. Permits for 
power plants can now be obtained in a one-stop shop in Jakarta, and the Investment Coordinating 
Board has been theoretically empowered to streamline the process. And, especially in recent 
budgets, substantial sums have been allocated for developing power plants and upgrading the 
grid. President Jokowi has made it clear that he is serious about investing in Indonesia’s future, 
and the state is making real efforts to address energy challenges, something that most people 
seem to understand even if they have doubts about how effective it will be. 
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The challenges posed by geography, on the other hand, cannot be changed through bureaucratic 
reforms or legislation. What they require is a re-thinking of the role that sustainable, non-traditional 
energy sources, driven by new technologies, can play in addressing challenges of geography. 
Indeed, new energy technologies can turn Indonesian’s diverse geography and rich variety of 
natural resources into an asset. In far-flung islands, expensive coal-fired power plants feeding a 
traditional grid will never make economic sense, nor will costly imported diesel. But smaller plants 
feeding micro-grids that capitalize on the unique natural resources available in different regions 
are feasible on both an economical and practical level.

The United States Department of Energy has already caught onto this possibility, and is exploring 
pilot programs for developing sustainable energy solutions in Indonesia. In 2013, the DOE 
launched the Sustainable Energy for Remote Indonesian Grids (SERIG) project. A team looked 
at 3 different Indonesian areas and found that each area had a different most efficient natural 
resource for electricity generation – solar, wind and biogas from waste fills (Burman, 2014). In 
inner Kalimantan, for instance, the report found that capturing biogas from palm oil waste could 
reduce dependence on diesel by 98%. 

Capturing biogas from waste fills is an especially interesting avenue for renewable energy. Clean 
Power Indonesia, a Jakarta-based renewable energy company, has been busy signing contracts 
to build bamboo gasification plants including an off-grid plant in Sumatra and a grid-connected 
plant in Bali (Colombu, 2016). Jaya Wahono, the company’s founder, sees a big market in the 
future for biogas, with the Indonesian government taking steps recently to promote attractive 
feed-in tariffs and tax incentives for renewable developers. This method of energy capture is 
especially suited for areas of Indonesia where agricultural plantations generate large amounts of 
waste. Using technology to capture that waste and convert it into clean energy is an ideal solution 
for hard to reach areas of Sumatra, for instance, where environmentally harmful plantations have 
frequently been over-developed. 

Solar power may not be viable as a national power source (Indonesia, located on the Equator, 
experiences substantial cloud cover during the year) but some areas, like East Nusa Tenggara, 
receive consistent sunlight making them ideal locations to build small-scale solar plants. A 5 MW 
solar plant that recently came online in Kupang is an instructive example of utilizing renewable 
technology that can be tailored to the unique circumstances of different areas. The plant, which is 
located in a remote eastern province of Indonesia, is able to operate in isolation while feeding a 
micro-grid serving the surrounding area. The plant is a proof of concept that can be scaled up in 
other remote, sunlight-rich parts of Indonesia (Pradipta, 2016). 

The key point is that a one-size-fits-all approach to energy policy is inappropriate for Indonesia, 
which faces a variety of geographical challenges in generating and distributing sufficient power to 
the many and various inhabited islands that comprise the country. The adaptability and flexibility 
of emerging renewable technologies may hold the answer. By carefully evaluating the needs 
and the natural resources available in specific areas, renewable plants using biogas and solar 
can harness the potential of the local environment to generate enough energy to feed small 
micro-grids. This would bypass the need to build costly plants and grids, and would embrace an 
approach where solutions are designed to suit the available resources. 

Thus far, the government is taking the right steps and saying the right things. They have made bold 
and ambitious promises about not only the total electrical output they are seeking, but diversifying 
it so that it contains a healthy mix of renewables. This has been backed up with tweaks to feed-
in tariffs designed to force developers into renewables, even if the return on investment is less 
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attractive (Susanto, 2017). It is also backed up by efforts to reduce regulatory barriers for power 
plant permits and land acquisition. But these must be complemented by a fundamental shift in 
philosophy and an acknowledgment that investing in capital-intensive, traditional coal-fired plants 
and costly one-way grids is not going to be sufficient for the unique type of power challenges 
Indonesia faces. 

This is a reminder that energy policy in Indonesia should also focus on filling the gaps not covered 
by traditional grids or coal plants. This can be done by embracing the diversity of power sources 
throughout the archipelago, acknowledging that remote villages need specialized solutions that 
match their unique circumstances, and importing the technology and expertise that can develop 
and implement those solutions. This has been implicitly acknowledged in the revival of an SBY-
era program called the Bright Indonesia Program, designed to bring electricity to 12,000 rural 
villages and signaling that the government is not exclusively focused on grid-connected energy 
investment in Java and Sumatra. The program has been incorporated as a component of Jokowi’s 
larger 2019 Indonesian Power Plan, but the extent to which it will receive financing and political 
support is as yet unknown (Jakarta Post, 2016). 

Nevertheless, these are all steps in the right direction. Going forward, companies like Clean Power 
Indonesia ought to serve as a good bellwether for how effective these steps have been and how 
committed authorities are to the process. If Clean Power continues booking contracts for both on 
and off-grid facilities in remote areas, it will indicate that markets, investors and regulators are 
beginning to recognize and embrace the promise of renewable energy solutions like biogas, and 
are working to create conditions where such solutions can flourish. It will augur the beginnings of 
a new, smarter and more nimble approach to energy policy. And it will signal that the confounding 
challenge of electrifying an archipelago spread across thousands of kilometers is being met by 
solutions that are equal to the task. 
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The world is transitioning into renewable energy and green technologies. All of this effort is made 
to achieve cleaner energy production and to create a less negative impact on our environment. 
Fossil fuel, coal, and gas have been the primary source of energy, especially to generate electricity. 
The long production process of the non-renewable energy from exploration, to drilling and mining, 
to refining and extraction, caused harm to the environment. This harm includes degradation of air 
quality, harmful byproducts, and eventually leads to global warming. Since the demand for energy 
grows rapidly, it is important to make sure that the transition into renewable energy is done at a 
fast rate with cost as low as possible. According to REN211, the worldwide installation of new and 
renewable energy sources in 2016 was 161 GW which was a 10% higher than 2015. Moreover, 
the cost of solar and wind power keeps decreasing, making it possible that the transition to 
renewable energy will be faster than expected. 

In Indonesia, the government established an Electricity Supply Business Plan known as Rencana 
Usaha Penyediaan Tenaga Listrik (RUPTL) 2017 – 2025. This plan is created to achieve maximum 
fulfillment of electricity and maximize the potential use of renewable energy sources. National 
Energy Policy has a target of mixing energy resource, with 25% renewable energy sources. 
Moreover, it is very important to make sure that our nation is not dependable to fossil fuel and coal 
as the main source of energy. As Mr. Arcandra Tahar, The Vice Minister of Ministry of Energy and 
Mineral Resources said, that our oil reservoir is most likely to last only for another 12 years since 
the production rate is two times higher than finding new resources. Other than that, Indonesia’s 
national electricity company known as Perusahaan Listrik Negara (PLN) has a mission to run 
business with an environmental concept, which is in line with the national commitment to reduce 
greenhouse emission. To achieve this mission, PLN has some policies which include prioritizing 
the development of renewable energy, using low carbon technology, and fuel switching2. Therefore, 
switching from fuel to renewable energy should be done.

Oil and gas platform is a facility built offshore to carry out drilling, extraction, processing, and 
storage of oil or natural gas. The cost of building one oil platform is approximately 225 million 
USD, which includes the cost of materials, labor, and equipment3. Nevertheless, oil platform has 
a lifespan, means that one day it will no longer work. It is due to the matured basin or well which 
might run off of the oil itself, or the crash of oil price makes the production process no longer 
economically beneficial. The question is, what happens to these no longer working oil platforms? 
1  Carrington, D. (2017, June 06). Spectacular Drop in Renewable Energy Costs Leads to Record Global Boost. 
Retrieved October 01, 2017, from https://www.theguardian.com/environment/2017/jun/06/spectacular-drop-in-renewable-
energy-costs-leads-to-record-global-boost.
2 Keputusan Menteri ESDM Nomor 5899 K/20/MEM/2016. (2016, June). Pengesahan Rencana Usaha 
Penyediaan Tenaga Listrik PT Perusahaan Listrik Negara (Persero) Tahun 2016 s.d. 20125. Kementerian Energi dan 
Sumber Daya Mineral.
3  Kaiser, M.J., Snyder, B.F. (2012, January 07). Reviewing Rig Construction Cost Factors. Retrieved October 
01, 2017, from http://www.offshore-mag.com/articles/print/volume-72/issue-7/rig-report/reviewing-rig-construction-cost-
factors.
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These inactive oil platforms will usually be decommissioned. Decommissioning an oil platform 
could take 2 – 3 years, with cost about 4 – 10 million USD for a shallow water platform4. Current 
regulation obligates oil and gas companies to remove inactive platform. The decommissioning 
process includes using explosives to remove the platform. Meanwhile, oil and gas platform is also 
functioning as artificial reefs. Below these platforms, fish densities can be 20 to 50 times higher 
than the in the surrounding water5. The usage of explosive during decommissioning brings harm 
to the marine life. In the United States, Brunei, and Malaysia, a Rigs – to – Reefs (RTR) practice 
is being done for these decommissioned platforms. As a program, RTR can increase biological 
productivity and provide habitats for marine life. 

It is important to find other alternatives to solve the problem regarding the high cost and 
environmental impacts accompanying the decommissioning process other than RTR. Therefore, 
rather than decommissioning this offshore oil platform using explosives or abandoning it to be 
used only as artificial reefs, we can utilize this oil platform as a base for Renewable Energy Power 
Plant. The suitable renewable energy to be applied on the decommissioned platforms is offshore 
wind power and wave power. The illustration of our proposed idea is shown in Figure 1. 

Figure 1. Illustration of utilizing decommissioned platform as a base for Renewable Energy 
Power Plant

• Offshore Wind Power

Our proposed idea includes building wind turbines on the decommissioned platform. Higher wind 
speed can be achieved offshore, which can be used to generate electricity in the form of Offshore 
Wind Power. The most important reason is the reduction of the construction cost to build an 
offshore wind farm because we utilize the platform as the base for the wind turbines. The benefits 
of the offshore wind power compared to the wind farm on land are the more consistent wind 
resource, can be used to electrify coastal areas and less obstacle. When building offshore wind 
power, we do not need to open a new area or land to construct the wind turbines. Therefore, 
minimizing the impact on the environment. Currently, Europe is the leading country of the offshore 
wind farm, where they build wind turbines offshore. An offshore wind farm consists of 75 wind 
turbines can generate 300 MW electricity when the wind speed is 9.8 m/s6. In Asia, operating wind 

4  Callahan, E. (2014, September 03). The Realities of Decommissioning an Active, Offshore, Oil-producing. 
Skyscraper. Retrieved October 01, 2017, from http://www.huffingtonpost.com/emily-callahan/the-realities-of-
decommis_b_5761842.html.
5  Bureau of Ocean Energy Management. (2007, October). Alternate Uses of Existing Oil and Natural Gas 
Platforms on The OCS. Alternative Energy Programme EIS.
6  IRENA. (2016). “Innovation Outlook: Offshore Wind.” International Renewable Energy Agency, Abu Dhabi.
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capacity in 2015 reached 1.2 GW, all built in China. 

• Wave Power

It is important to consider wave power as an energy source in Indonesia because we know 
that Indonesia is a maritime country which consists of a large area of oceans. Wave around oil 
platform can be used to generate electricity. There are several concepts of technology used to 
create energy from the wave: Oscillating Water Column, Point Absorber, Attenuator, Oscillating 
Surge Converter, and Submerged Pressure Differential7. These concepts will work best regarding 
the  conditions such as the height and period of the wave. The decommissioned platform can be 
utilized as an anchor to these devices. One example of the device is Oscillating Water Column 
(OWC). When the wave impacts the device, the water will fill the chamber from the bottom opening 
and then the level will fall once the wave passes. It will compress and expand the air and push 
the air through the turbine at the top which is connected to the generator. From the calculation 
of the wave height in Java Sea (Laut Jawa), it is estimated that the power generated from one 
OWC during maximum condition is 425 kW8. Wave power must be built largely to be economically 
viable. Therefore, utilizing decommissioned platform can increase the possibility and facilitate the 
construction of the wave power farm. 

From our point of view, the mentioned alternatives above can be constructed either individually 
or all together on the decommissioned platform. The electricity generated from this platform can 
be transported through the existing pipeline which connects the platform offshore to the land as 
shown in Figure 2. Other than that, the cable used to receive power from land during operation of 
the platform can also be used to transmit the electricity generated. Therefore, it will minimize the 
impact of related construction and installation. 

Figure 2. The existing subsea pipeline9

This plan of utilizing decommissioned platforms as a base for wind and wave power plant is visible 
to be done in all countries which have oil and gas platforms, especially in Indonesia. It will reduce 
the need to open up new land area. Hence we can make sure that our land is occupied for a better 
purpose and that we do not disturb the natural function of the land. The less environmental impact 
7 European Marine Energy Centre. Wave Devices. Retrieved October 08, 2017, from http://www.emec.org.uk/
marine-energy/wave-devices/
8 Utami, S. R. Studi Potensi Pembangkit Listrik Tenaga Gelombang Laut dengan Menggunakan Sistem 
Oscillating Water Column (OWC) di Tiga Puluh Wilayah Kelautan Indonesia. Departemen Teknik Elektro, Fakultas Teknik, 
Universitas Indonesia.
9 Toyo Engineering Corporation. Dynamic Pipeline Simulation. Retrieved October 09, 2017, from http://www.toyo-
eng.com/jp/en/products/analysis/pipe/
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generated from this transition is better. With this plan, these decommissioned oil platforms do not 
need to be removed with such high cost, which is not beneficial for the company. This utilization 
can be done by a partnership between the company and government. The technology is no longer 
under development and is ready to be applied anytime. Indonesia has a huge potential for those 
renewable energy sources mentioned above. Hence it is important to maximize the use of these 
potentials to achieve the national electrification plan. Nevertheless, decommissioning the offshore 
platform can harm the marine life which uses the platform’s leg as an artificial reef. Therefore, 
it is better to let the offshore platform on the place and utilize it as a base for renewable energy 
power plant. 
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Energy is a fundamental part of human life. It provides electricity, heating, power for cooking and 
also transportation. Bill Gates in his 2016 letter mentioned time and energy as critical to realizing 
one’s full potential. He associated poverty as the absence of those resources. I firmly believe 
energy poverty is a humanitarian catastrophe with a staggering amount of potential casualties 
that must be addressed by governing bodies around the world immediately.

In a survey held by the International Energy Agency, 17% of global population lack access to 
electricity, and 38% of the global population lack clean cooking facilities. Most of them are either 
sub-Saharan African or developing Asian, and around 80% are in rural areas (Fig 1). To looking at 
the bigger picture, the statistics show how uneven the distribution of energy actually is. Breaking 
down the core causes give us three talking points: the governing policies, distribution of energy 
supplies, and education level of the people.

Figure 1. Population percentage without electricity (http://grist.org/climate-energy/coal-giant-
exploits-the-global-poor-to-save-its-own-hide/).
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Initially, the government of a certain nation must be aware of the urgency of this issue. Only by 
being so can they manage in designing policies that promote ease of energy access to everyone. 
The main obstacle that hampers the distribution of energy is the overcomplexity of bureaucracy. 
Permit and legal issues take ages to be settled, and lack of law protection limits the maneuver of 
energy companies in charge of explorations. Therefore, policy reformation is required. Not only 
as a statement of intent from the government to promote investments, but also as the gateway for 
the seamless progress of energy distribution to the whole nation.

There are two types of breakthroughs that can be implemented to accelerate the even distribution 
of energy: fiscal and non-fiscal incentives. For the short-term plan, financial incentive is the most 
effective solution. The fiscal incentive comes in the form of bigger allocation of the government 
budget and also lower but progressive taxes for investors. The lower initial tax will invite more 
investors while the increase of tax as the taxable amount increases will maintain the stability of 
national income as long as they convince the investors with several non-fiscal policies. 

The long-term plan is the non-fiscal incentives and also investment in renewable energy resources. 
Several steps include security assurance in operations, adequate infrastructure for distribution, 
and also high-quality services. Investment in renewable energy is emphasized on research and 
development, especially regarding efficiency. The major setback in the utilization of renewable 
energy has always been efficiency, in which the average efficiency of the renewables we have 
known is still below 50%, making them uneconomical and less strategic.

Even countries with huge amount of energy resources struggle in distributing energy evenly. 
In Nigeria, Africa’s most prolific conventional energy producers, over 70% of their population in 
rural areas still depend on fuel wood. This dependency has led to rapid deforestation and other 
environmental issues, with 3.6% of their total forest area depleted annually. The irony that is also 
happening in several naturally rich developing countries is caused by the absence of decent road 
networks. The key to an evenly distributed energy is infrastructure.

To help eradicate energy poverty, a country must have the best system of infrastructure based 
on their geographical characteristics. Two distinctive examples are Bolivia and Indonesia. Bolivia, 
with only 73% electricity coverage in rural areas in 2016, is a landlocked country in South America 
with complex topography and mountainous area. The geographical character of Bolivia requires 
them to build extensive road system to reach the rural areas, otherwise they have to use air 
transportation. On the other hand, Indonesia is the world’s largest archipelago. To cover every 
island, the government of Indonesia doesn’t only need roads and bridges, they also need lots of 
ports and tankers, as they are also currently ambitious in building a maritime nation.

Besides infrastructure, it is mandatory for a country to recognize their very own potential. What is 
their biggest energy potential, or if their country is potentially unable to satisfy the national needs, 
what steps must be taken to ensure the satisfaction of the people’s needs. The way to do this 
comprehensively is to do intensive research on conventional and alternative energy resources of 
a country. Research project can also be broken down into short and long term strategies. 

The short-term strategy is to maximize the role of government and private research institutions 
in building a solid and periodically updated energy database. The main problem with current 
research programmes is the lack of depth in every sector. This is due to limitations in instrument 
technologies and lack of manpower quality. Instruments are mostly outdated and rarely maintained. 
Researchers are paid with below-standard wages and rarely encouraged by training and courses. 
Another issue is many research projects never reached the outermost or the most remote areas, 
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due to the lack of financial support, or simply a lack of ambition.

The long-term part is to invest in research collaboration and also an education. Establishing a 
cooperation with reputable institutions specialized in a certain resource will not only ease the 
run of research projects, but also will subsequently grow their very own research bodies, as 
knowledge and skills are gained through collaborating experiences. Education is also vital in 
empowering the youth of a nation in skills urgently required in solving their country’s energy 
problems. The government can finance higher and specialized education for youngsters in a 
specialized university or research institutes. With a commitment to return and serve for the 
betterment of their country, in as early as 10 to 15 years the impact will be felt as the surge of 
specialized manpower enter the workforce. 

Electricity has been extended and distributed to 1.7 billion more people between 1990 and 2010, 
and also 1.6 billion more people have gained access to cleaner cooking fuels. This seemed like 
a job had been done very well, but sadly, during the same period, the world population grew 1.6 
billion more. High growths happened in regions with poor energy access, mainly concentrated 
in about 20 countries in Asia and Africa. Considering population growth, now the world has to at 
least double the effort in extending electricity to plug the leak, unless, they do something with the 
population variable.

Birth control is not a new concept. It was designed in densely populated countries with the hope to 
control population growth, so that every family and children could get appropriate housing, foods, 
healthcare, education, and most importantly, energy. It has shown some impacts, but remains 
a long-term unfinished project until the ultimate goal of energy for everyone is achieved. The 
best scenario that can happen is the extension of energy distribution coupled with controlled 
population growth. 

Figure 2. Breakdown of the steps to end Energy Poverty.
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Rulers from around the world should reiterate the purpose of birth control, with more emphasis 
on energy supply for everyone. Education is the best tool to trigger this programme. Organized 
socialization programme with support from NGOs, student organizations, and local authorities 
may help make the campaign viral. There are also technologies such as newspapers, television, 
and social media which are known to be very powerful in spreading awareness. Therefore, instead 
of using them for hoaxes and hate campaigns, it is best for them to be used for humanitarian 
campaigns such as energy poverty.

In conclusion, to eradicate energy poverty, the world must unite and collaborate. The ultimate goal 
of energy distribution can be achieved with short and long-term strategies in energy policy, energy 
distribution & education, and also in educating the people of the awareness to energy poverty 
(Fig 2). At the end of the day, energy poverty knows no geographical or cultural boundaries. It 
must be addressed from the top to the bottom of the each nation’s hierarchy and it must be done 
immediately. 
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Indonesia is acountry well known for its natural resources. All the natural resources are spread 
from Sabang to Merauke, both on land and in the oceans, whether in the form of minerals, oil or 
natural gas that we usually use as the energy source to live. For example, to turn on the lights 
at home, watching television, we need electricity, to run a vehicle that we use to go to work, we 
use fossil-fueled cars or we need gas to cook, and so forth. But, how far have we understood or 
even know the potential of natural resources in Indonesia?  Have we already optimized all of our 
natural resources?

Until now, Indonesia still uses oil as main natural energy source. But, from the data collected 
from SKK Migas, per December of 2015, Indonesia just have around 3.6 billion barrel of proven 
oil reserves. Globally, Indonesia’s oil reserves are only about 0.2% of all oil reservesin the world, 
which is about 1698 billion barrels. In addition, it is mentioned that Indonesia also has proven gas 
reserves of 100.3 TCF or equivalent to 1.5% of the total gas reserves in the world (6599 TCF). 
All oil and gas resources in Indonesia is spread from the western part of Indonesia to the east of 
Indonesia which is divided by Work Area (WK) by SKKMigas.

Figure 1. Image of WK distribution in Indonesia as of November 2016 (source: http://skkmigas.
go.id/)

Indonesia has a population of 250 million people, and the need for oil energy resources is 1.6 
million barrels per day, while the amount of Indonesia’s oil production reaches only 834,000 
barrels per day. Meanwhile, domestic gas consumption has increased by 9% since 2003, and as 
of July 2016 reached 4,016 BBTUD (Billion British Thermal Unit per Day). On the other hand, it 
is predicted that our oil reserves are only enough to meet our needs for up to 12 years, while the 
natural gas reserves are enough to meet our needs for up to 37.8 years.
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Table 1. Statistic Data of Oil and Gas Reserves in Indonesia (source: SKK Migas)

Indonesia’s 
reserves World’s reserves Ratio of Indonesia to 

World Reserves
Estimated Depletion 

Time (Years)

Oil 3.6 Billion Barrel 1.698 Billion Barrel 0.20% 12

Gas 100.3 TCF 6599 TCF 1.50% 37.8

In addition, the replacement ratio of oil and gas reserves per July of 2017 reached only 8.98% of 
the targeted by the country that is equal to 60%. There placement ratio of oil and gas reserves 
is a ratio between the number of oil reserves found and exploited oil reserves. Suppose we take 
our oil and gas reserves of 100 barrels, then there placement ratio of 100% is when we can also 
find new oil and gas reserves of 100 barrels as well. This ratio is aimed to create a sustainable 
production and exploitation system. Based on these data, we realize that Indonesia has not 
been able to meet daily needs using only petroleum energy sources and the oil exploration and 
production cycle in Indonesia is still far from ideal, so we should take another effort to fulfill the 
public energyconsumption.

One of the efforts made by the government is by issuing Government Regulation (PP) No. 79 
of 2014 about National Energy Policy. In the first paragraph of PP chapter III about National 
Energy Policy Direction, it is emphasized that one way to increase energy availability can be 
done by increasing the exploration of energy resources, potential and/or proven energy reserves 
from both fossil energy and renewable energy. Then in the next paragraph, it is emphasized 
that the energy development that considers the balance of energy economy, energy supply 
security, environmental conservation, and energy supply for people who do not have access to 
electricity and household gas becomes the priority for energy development.Therefore,from all of 
the information above, we need to optimize any natural resources in Indonesia in order to fulfill 
our energy needs.

One option to answer the problems is to optimize the energy in geothermal resources. We offer 
this option because Indonesia is located in Ring of Fire, where there are several plates subduction, 
causing Indonesia has many volcanoes so the potential for geothermal resources can be easily 
found. In addition, Indonesia has geothermal reserves of approximately 29 Gigawatt, which is the 
world’s largest reserves geothermal, about 40% of the world’sreserves. But only about 4-5% has 
been utilized. This shows that geothermal resources in Indonesia has potential and can still be 
developed further.

Geothermal is one of the renewable energy resources, where the utilization of these energy 
sources is sustainable. In geothermal exploration, we look for heat sources and fluid in the 
reservoirs at certain depths and temperatures. Study and exploration are done near thevolcano 
area because it has good potential for a heat source. In its exploitation, we extract the fluid inside 
the reservoir to power the turbine which is capable of generating electricity. Geothermal is called 
renewable resources because the fluid that was originally extracted from the reservoir will later be 
injected back into the reservoir so that the fluid flow cycle and the geothermal reserves  in the field 
are well sustained. Interms of electrical energy generated, this geothermal source can generate 
electrical energy sources up to hundreds of megawatts of electricity.
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Figure 2. Illustration of geothermal processing power plant (source: http://geo-energy.org)

Unfortunately, there are some problems to be acknowledged using this renewable energy resource. 
With the technologies that we have today, the production cost for generating electricity using 
geothermal is still quite high, and causing the price for electricity generated from this resource is 
29.6 cents dollar per kWh. This number is considered still not affordable for the public. Also, most 
of the potential geothermal resources that exist in Indonesia are still located in conservation forest 
areas, so it is still difficult to explore and find more area with geothermal prospects. That explains 
the low number of geothermal utilization in Indonesia.

As a solution to the problems in the previous paragraph, the government issued Government 
Regulation No. 7 in 2017 about Geothermal for Indirect Use, which mentions about the procedures 
for conducting feasibility studies in conservation forest areas. This regulation is expected to 
accommodate us in finding the more geothermal prospective area. In addition, we suggest 
government to encourage and support our researcher to invent and improve any technologies and 
research regarding geothermal exploration and exploitation, so there will be many breakthrough 
and innovation in geothermal that can be applied in industry. If the regulation can be executed well, 
we can increase the percentage of geothermal resources utilization to be above 5%. Therefore, 
the price per kWh of electricity is expected to go down when there are many geothermal sources 
that can be fully utilized. It is also necessary to have a grand design for the next few years to start 
considering the development of electricity distribution to make sure our people get equal benefits 
of geothermal products that can be enjoyed together, especially for those living in the remote area 
who do not have access to electricity.
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From all previous explanations, we can conclude that geothermal can be one of renewable 
alternative energy that is environmentally friendly and the energy source utilization can be 
sustained. Therefore, according to the PP. 79 in 2014, it is better that we maximize all components 
from upstream (exploration and production) to downstream (distribution and equity) and work 
together optimally to meet the energy needs for the people, especially in geothermal in Indonesia.
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Nowadays, countries are racing to achieve energy security and independence. Indonesia is one 
of them. As a developing country, Indonesia has steady yet robust growth of population and 
economy, resulting in increasing demands for energy. Unfortunately, Indonesia is currently relying 
heavily on fossil fuels as the main energy resources, which have inflicted a substantial economic 
burden on the government due to gasoline and crudes import. Consequently, achieving energy 
security and independence is particularly important for Indonesia. Increasing energy efficiency to 
reduce the energy demands and finding new energy sources to enhance the energy supplies are 
among possible actions to attain the goals. All of these efforts require the active contribution from 
every stakeholder: government, enterprises, academia, and the citizen.

To improve energy efficiency, the government and enterprises can work together to scale down 
the consumption in industrial sector since it was the most energy-consuming sector, demanding 
for 2.7 PJ/year out of 7.3 PJ/year total consumptions. There are some potential regulations and 
policies the government can pass on to promote energy saving. For instance, China in 2006 
implemented a program that obliged the top-1000 enterprises by energy use to reduce their 
consumption. This program successfully cut down the energy intensity by 19.1% in 2010. Similarly, 
Singapore also announced an improvement in their Energy Conservation Act in the first quarter 
of 2017 that targeted the industrial sector. The key element of these programs is the assessment 
of the energy-efficiency potentials, which are stimulated by incentives and disincentives. The 
programs require the industries to measure and report greenhouse gas (GHG) emissions, 
encourage the energy efficiency measures, set the minimum energy performance standards for 
industrial equipment and systems, and allocate fund to granting some incentives and promoting an 
energy-efficiency program. Indonesia can adopt the programs with some modifications to create 
the best-fitting regulations for themselves. For example, the program can start progressively by 
setting commensurate energy-efficiency standards for equipment and systems. If it succeeds, the 
program can be extended to promoting the active participation of the industries through sharing 
the efficacious energy-efficiency systems that have been applied so that the systems can also be 
applied to the other industries.

Besides the role of industry, our people can as well take part in the effort to achieve energy 
security through reducing per capita consumption by minimizing wasted energy. Today, we have 
been highly consumptive in purchasing tertiary needs—electronic device, cars, etc. Such an 
impulsive lifestyle, though instrumental in our economic growth, entails intensive energy usage 
especially for transportation and household, for which 46% of final energy consumption in 2014 
accounted. At present, Indonesia spends 0.17 Kg oil equivalent (KOE) of energy per 1 US$ of 
GDP, far from that of developed countries in Europe (e.g., 0.04 KOE/USD in Switzerland). The 
government, therefore, needs to educate our people about the benefits of conserving energy 
not only from the economic but also from health and environmental perspectives, since only 
limited groups of people have been aware of efficiency in energy use. One of the ways is by 
collaborating with local NGOs in propagating the message to save energy. In Indonesia, there 
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are many local communities who advocate environment and sustainable energy, such as YPAL, 
BIRU, and GREAT Indonesia. They, however, often struggle with funding and their roles are still 
overlooked. Instead of initiating new programs, more budget should be devoted to assisting them 
on organizing community development, seminars and campaigns as they are more emotionally 
attached with the local people, thus making it much easier to raise the awareness of saving 
energy. Furthermore, Indonesia should provide more opportunities for our next generation to 
pursue formal education in three fields: energy policies, energy economics, and the development 
of sustainable energy. In the future, the graduates will become the powerhouse in strengthening 
our energy security through both professional and academic pathways with their expertise in 
those areas.

From the supply side, Indonesia has to shift the main energy source from fossil to new and renewable 
energy. In particular, the potential of enhanced geothermal systems (EGS) has recently emerged 
as one of the hottest prospects for our future energy sources. According to a finding from the US 
Department of Energy, energy from EGS is extremely clean and the resources are considered 
massive. Theoretically, unlike the conventional hydrothermal systems that require sufficient heat, 
fluid, and permeability, EGS can be harnessed to generate electricity almost everywhere as long 
as there is a heat source at depth. Indeed, development of EGS will necessitate huge capitals. 
Even in the US, EGS is still in its infancy as it is technologically expensive and involves high 
risk. Yet, we should remember that the booming of shale oil and gas in the US is the result of 
their persistent efforts in developing and perfecting the technology of hydraulic fracturing and 
multi-lateral wells, which have been initiated since the 1920s. Thus, the government has to start 
composing strategic planning to exploit EGS to its fullest extent. Establishing favorable energy 
policies in geothermal industry, especially in pricing, is one of the most critical steps to encourage 
more investors. Engaging more private parties in power generation industry can also be the 
solutions to the heavy economic burdens of PLN in providing electricity from renewable energy. 
Electrification grid integration and expansion is another essential action-item for the government 
to promote conducive electricity market generated from geothermal power plants. Lastly, 
maintaining collaboration in research with universities that have conducted extensive studies in 
geothermal, such as the University of Auckland and the University of Southern California, can be 
helpful to advance the development of EGS.

In a nutshell, there are some rooms in the supply and demand of energy that the government 
can manipulate to lead our country to achieve energy security. The government as a regulator 
can be the main agent of change towards the energy independence. They can cooperate with 
enterprises to create energy-saving programs involving industries in Indonesia by adopting some 
successful strategies implemented in other countries. Meanwhile, as a citizen, we can also play 
a central role in improving the energy efficiency through changing our consumptive mindset, 
enrolling in programs organized by local NGOs to glean more insights into efficient energy-use, or 
taking an advanced degree in energy and becoming a practitioner or scholar. Finally, a transition 
from hydrocarbon-based energy sources to new and renewable energy has to be accelerated if 
we want to escape from oil dependency and, in turn, attain a stronger energy-wise foundation.
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Usage of gasoline and diesel fuel produce greenhouse gas emissions and pollutions that are 
harmful to human health. The automotive industries are now progressing toward renewable fuels. 
One application of renewable fuel is to use electricity as the main power source of a car. The 
lithium-ion battery considered as one of the most promising candidates for the next generation of 
power storage in electric and hybrid cars due to high energy density and good cycle capability [1]. 
For several years, graphite usage as battery anode has been increasing significantly. Although 
graphite has a low operating voltage and excellent cycle capability, its capacity at Li is limited to a 
theoretical maximum of 372 mAh / g [2]. The disadvantages of graphite anode lie in its tendency 
to form dendrites of metallic lithium on the surface at high charge/discharge rate, resulting in 
a short circuit that may trigger a fire or explosion [3]. Intrinsic safety in this situation cannot be 
ignored. The dendrites formation themselves is evidenced by the graphite’s low-value lithiation 
voltage of 0.05 V vs. Li / Li + adjacent to the low lithium metal voltage [4].

Several other types of research have been conducted to obtain an alternative anode material 
that has excellent performance. The lithium titanate spinel (Li4Ti5O12, LTO) demonstrates potential 
as an alternative anode material that has safety performance, and stable face-centered cubic 
(FCC) spinel crystal structure and high reversible (zero-strain material) capabilities [5]. LTO has 
a high lithiation voltage of about 1.55 V vs. Li / Li +, which is higher than the general reduction 
potential of the electrolyte solution, preventing the formation of solid electrolyte interphase (SEI) 
and lithium dendrite deposition on the surface of the anode material. However, there are some 
deficiencies in the LTO; for example, it has only half of the theoretical graphite capacity of 175 
mAh / g, low diffusion capability, and low electrical conductivity [6]. There are several ways that 
have been developed to overcome this disadvantage. One of them is by introducing tin metal (Sn) 
[7]. Tin has been found as an alternative anode material candidate due to its theoretical capacity 
of 994 mAh / g. The advantages of mixing Li4Ti5O12 / Sn using solid-state methods will theoretically 
increase the capacity up to 480 mAh / g, by addition of 15 wt% Sn. 

On the other hand, tin-plate waste is considered as one of the main environmental issues in 
Indonesia. Tin-plate can is one of the practical and portable containers that are widely used by the 
food and beverage industry. The can is basically a steel-based can that coated with tin to sterilize 
the food inside. Increasing usage of cans as containers cause environmental issues. The waste 
may interfere with the environment and will also harm soil fertility. Unfortunately, Indonesia has 
not recycled this waste optimally yet. 

The element tin has three crystalline forms: Grey (α) tin—cubic crystal structure and is a 
semiconductor, White (β) tin—body-centered tetragonal structure and in the form of metallic tin, 
and rhombic (γ) tin—also metallic. Tin is stable in the white (β) metallic form between temperatures 
of 12 and 160 oC and is stable in its grey (α) form at temperatures below 10 oC, at room temperature 
(22 oC), tin will become stable in the metallic form of β, but when the room temperature drops to 
13,2 oC, the metallic tin becomes unstable. The unstable metallic (β) tin will transform into its gray 
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semi-conductor (α) tin which is stable at the lower temperature. When the transformation occurs, 
the tin expands in volume for up to 26% [8]. The transformation of metallic β tin into intermetallic 
α tin, coupled with the volume expansion, causes the presently brittle tin to crumbles, producing a 
powder. This low-temperature transformation of tin accompanied by crumbling from the stress of 
lattice expansion is called tin pest or tin disease. The tin pest transformation rate tends to be more 
readily below -32oC. Therefore, tin can be extracted by utilizing this tin pest unique phenomenon. 
The powdered product can then be used as an additive to Li4Ti5O12 battery anode. [12] 

The processing of Li4Ti5O12 synthesis is carried out using five main stages, which consists of sol-
gel process, calcination, hydrothermal, mixing, and sintering. The process of sol-gel synthesis is 
a chemical reaction that begins with ions or molecular compounds forming a three-dimensional 
network and forming an oxygen bond between them, as well as the release of water or other 
molecules [9]. This first stage produces xerogel TiO2. The sol-gel process is carried out for 2 hours 
over the magnetic stirrer by slowly adding the secondary solution which is a mixed solution of pH 
3 ethanol with aqueous water of H2O into the primer solution which is the mixed solution of 3.4 gr 
titanium tetrabutoxide (Ti (OBu)4) with a pH 3 20 ml ethanol solution in a thin plastic-coated beaker 
glass. After the sol-gel hydrolysis and alcohol condensation process occurs from the solution, the 
precursor will further thicken and eventually solidify to form a clear gel (by aging). Precursor then 
carried open-air drying in the beaker glass for 24 hours, which is called the drying process [9]. The 
second stage is calcination process at a temperature of 300oC for 2 hours in the furnace flowed by 
pure oxygen gas to remove impurities of alcohols and water and to alter the crystalline structure 
of the TiO2 xerogel to TiO2 anatase. The third stage is the hydrothermal process of TiO2 anatase 
to increase the surface area, reduce the particle, and increase the interaction between solids, 
so it is expected that the interaction between TiO2 and LiOH is better to form Li4Ti5O12 [10]. The 
hydrothermal process is carried out in the furnace at a temperature of 120oC for 15 hours. The 
result of TiO2 hydrothermal process is then carried out into a mechanic-chemical process which 
aims to mix TiO2 with the lithium compound, powdered LiOH. Mixing TiO2 with LiOH particles is 
done in a ball mill machine for 15 minutes, and the reaction will result in homogenous Li4Ti5O12. 
The final stage is sintering process which is carried out to increase the crystallinity of Li4Ti5O12 
to make TiO2 and LiOH react optimally. The sintering process is carried out at 750oC for 3 hours 
because it is the optimum temperature to form the Li4Ti5O12 compound [11]. At the end of this 
process, a sample Li4Ti5O12 with a spinel crystal structure is obtained. 

Sn particles are obtained by cooling tin-plate can with liquid nitrogen below -32oC to stimulate tin 
pest phenomenon. This severe cooling will make the tin coating layer in can waste crumbles and 
produce alpha non-metallic tin powder in an instant. To improve the quality of anode Li4Ti5O12 that 
is doped with Sn, semiconductive α tin powder needs to be transformed again into the conductive 
β tin form. This can be achieved by heating alpha tin powder until beta tin stable temperature or 
applying mechanic load such as shear stress that also can generate heat because of friction. 
The 15 wt. % white β tin are then mixed with the LTO using a ball mill to produce homogenous 
Li4Ti5O12 / Sn. 
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Energy is indispensable in the running of country’s economic activity, both for consumption and 
production activity in various economic sectors. Indonesia is the largest archipelago country in 
the word that is famous for its abundant energy resource. It consists of 17,508 islands with a 
population of 242 million in 2011. But until now energy/electrification has not fulfilled has yet. 
The electrification ratio of Indonesia is 75,8% (PLN Statistik, 2012), which means, there still 24,8 
people in every 100 people that haven’t got access to electricity in their area.  There are four 
strategic issues which often appears in national electricity processing, including 1) inequality 
types of power plant, 2) application of the centralized electric base rate (TDL), 3) the diversity 
of the geographical condition, and 4) the increasing of environmental stresses. Then the right 
solution for overcoming this issue is the change in the paradigm of national energy management 
based on to Pro-Job, Pro-Growth, Pro-Poor, and Pro-Environmental.

Pro-Job and Pro-Growth, answer the issue of the energy security. Determination of the current 
power rates refers to general rules of industry electricity, started by calculating the allowable cost. 
PLN as a single buyer determines the efficient and reasonable costs in setting the selling price of 
electricity to customers. The allowable costs (direct and indirect costs) were agreed upon as the 
key ingredients in the production process of supplying electric power that reasonably and fairly 
charged to customers. The concept of allowable cost is only used for the calculation of the sale 
price of electric power and is not representative of the business results as reflected in a PLN report 
profit/loss. By using allowable cost concept as the basis for calculating, the customer just will pay/
bear fees of the consumed electricity production and not going to bear the PLN unproductive 
cost. At the other side the revenue requirement should be calculated. Revenue requirement is the 
total income that is required by PLN to able to obtain a reasonable rate of return on investment in 
their business. However, TDL priority is not able to close all its expenditure of PLN. Therefore, the 
revenue requirement is important, not only the underlying consideration of TDL. Now, the fare of 
electricity does not depend on electricity economic grades, so it is not attractive to investors. TDL 
applies uniform (centralized), while each area has characteristics that are not uniform. In line with 
the decentralized mechanism of area development and the authorities mechanism for regional 
autonomy, the local government’s policy to should spur investors to fulfill the expected exertion 
electricity. 

The parties that participated in the determination of regional tariff consists of three components, 
namely manufacturers, consumers and local governments. Patterns of regional rates based on 
the enactment of bottom-up planning resulting from the community level, where the community 
can specify the resources that can be allocated to solve problems and decide on a plan and 
program implementation to achieve the purpose of issue solving. In determining the policy of 
regional electricity base rate, the large population should consider reasonable cost, allowable 
cost, in accord with the standards, consistently calculated, accounted by the accounting principles 
in Indonesia, well documented and supported by adequate evidence. Thus, the determination of 
regional electricity rates creates an electric base rate on rules of a good economy to expand 
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investment in sectors of electricity in the region (decentralized). 

Pro-Poor, answering affordability energy issues. For the suppliers of energy, such as electricity 
generation facilities, low prices are determined by the government that reduced the incentive to 
commit new capital investment. This kind of events often occurs in Indonesia when it brought 
subsidies due to the bad financial condition of a public energy company and their ability to invest 
in infrastructure (Mourougane, 2010). In 2009, the sales revenue of PLN electricity only a half 
of the supply cost (an average of Rp650 per kWh and Rp1,300 per kWh). Consequently, PLN 
is not able to perform new investment in villages, extending an electrical connection even to 
just perform standards of maintenance (Mourougane, 2010). It shows the lack of power plants 
capacity building and often of a blackout. Therefore, the subsidies enactment for consumers is 
important, which in fact is not capable of being directed to customers who are connected to the 
grid. In other hands, those who off the grid or who lived in remote areas with renewable energy 
priority, are available by applying a pattern of Universal Service Obligation (USO).

Implementation of directional subsidies starting with price adjustment, is the first step in 
rationalizing the real price. The real price is the equilibrium, which means a meeting point between 
supply and demand. To gradually withdraw, electricity subsidy will show a good commodity rising 
prices speculation. But as compensation of increasing price, the government allocates funds, 
resulting from the increasing price, that the public cannot afford through cash assistance. While 
for remote areas using patterns of universal service obligation (USO) with renewable energy 
priority, consisting of 3 phases of processing. 1) The first phase, people in the region of USO are 
driven to use the renewable energy that is available in its territory for operation or daily use. 2) The 
second phase, people use renewable energy to add the value of their activity which is expected 
to find innovative business model supported by existing local resources. 3) Lastly, the community 
should contribute towards the country. This pattern of the USO has been successfully applied in 
the telecommunications sector to provide telecommunications services in remote areas.

Pro-Environmental, answering climate change issues. Energy subsidies encourage excessive 
consumption and reduce incentives for efficient use of energy. The habit of electricity consumption 
from a fossil fuel power plant (coal & fuel) surely will result greenhouse gas emissions, air pollution, 
and the depletion of natural resources. Therefore, through the application of the initiative clean 
energy by reducing emissions from burning fossil energy will integrally reduce the emission 
from Fossil Fuel burning (REFF-burn), relying on renewable energy. There are three steps in 
the reduction of greenhouse gas emissions, 1) Pre Fossil Combustion Technology, using more 
fossil fuels: energy/Energy Efficiency (EE) and Renewable Energy (RE), and Zero Carbon Power 
Generator (ZPG). 2) During Fossil Combustion Stage, to reduce greenhouse gas emission: 
Clean Coal Technology (CCT), Clean Oil Technology (COT), Clean gas Technology (CGT), Clean 
Energy Utilization (CEU). 3) Post Fossil Combustion Stage, to mitigate existing greenhouse gas 
emissions: Carbon Capture (CC), Carbon Storage (CS), and Carbon Utilization (CU). So that 
Indonesia involved in the ratification of the Kyoto protocol and have made some steps to answer 
the issue of climate change.

Kyoto protocol, through a Clean Development Mechanism (CDM) provided developing countries 
like Indonesia to obtain benefits in the form of financial flows and technology from developed 
countries. The basic things about Kyoto protocol, potential carbon dioxide trade / clean 
development mechanism, trade fossil fuels and possible tendency changes, should become 
anticipated material and strategic planning prepared by Indonesia.
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Conclusion
One of the solutions to increase the electrification ratio in Indonesia is a change in the paradigm 
of national energy processing. The approach would not only to answer energy security issues, but 
also climate change and affordability. It can be implemented by applying the 4-Pro in energy policy, 
namely Pro-Job, Pro-Growth, Pro-Poor, and Pro-Environmental. The benefits of this application 
are 1) Encouraging the independence of local areas in providing and constructing of the provision 
of electric power. 2) Benefits the employers services electric power because the price can be 
set based on the value, the electric power economic push for, transparent, and accountable. 
3) Financial flows and technology from developed countries resulted from the ratification Kyoto 
protocol. 4) Reduce dependence on fossil fuels by using the local energy resources, particularly 
in remote areas. By that way, hopefully Indonesia become the optimistic country to improve 
electrification ratio not only for energy security but also for energy sustainability.
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Abstract
This essay reminds us how extreme phenomenon in term of global energy is changing in 
relatively short anthropological time let alone geological time. Global new energy era is especially 
signified regarding ‘green investment’ for solar power, special battery development, wind power, 
hydropower, geothermal, biofuel until the presence of electric, hydrogen and hybrid vehicles.

Furthermore, if the green investment is closely related to global mobile network system, it will 
indicate toward the following industrial revolution. It has been a long time; various parties voiced 
the importance of ending fossil fuel oil era. The last sign can be read on Saturday on 12 December 
2015, when the prominent leaders coming from 170 countries vowed to cut off carbon emission 
resulted from fossil fuels oil in Paris Agreement Forum. This agreement was essential in the 
human history so that the most prominent leaders called it as the biggest ceremony for signing 
global commitment made in one day.  How powerful message forwarded by the agreement, so 
that UN Secretary-General that time, Ban Ki-Moon named it as a new agreement upon the future. 
Even an Environmental activist, i.e. Leonardo Di Caprio who became UN climate ambassador for 
Environmental Affairs commented this as similar as the effort to end slavery time”.1

Keywords: renewable energy, oil companies, fossil fuel, green energy, clean energy. 

Introduction
Paris Agreement firmly underlined if the countries in the world have failed to cut off global 
emission until the year of 2020, the world cannot probably keep global warming below 2oC in 
relation to pre-industrial levels by 2100. So order that the commitment made to be fulfilled, Paris 
Agreement should be included in the government policy as well as the corporation to free from 
world dependency towards fossil fuels. It is, therefore, the government needs to follow up, in 
which Indonesia wanted a targeted energy mix as high as 23% from overall national energy 
needs in 2025.2

Meanwhile, in order to fulfill this commitment to overcoming the global climate change without 
curbing economy and social development, the level of carbon intensity at fossil fuel emission shall 
be made. The active role of oil and gas companies as fossil fuel producers become a centering 
point. They are asked to develop strategic energy transition at the most efficient level compared 
to fossil fuels, and to produce low carbon emission. This is the first part of this essay.

The second part of the essay will explore the dilemmatic position of oil and gas companies under 
more environmentally friendly of alternative energy pressure. The third part of the essay will 
describe the achievement profile of global oil and gas companies which have made a lot of 
investments in the field of clean energy. The fourth part will explore several approaches of the 
1  https://www.theguardian.com/environment/2016/apr/22/un-climate-change-signing-ceremony, World 
Governments Vow to End Fossil Fuel Era at un Climate Signing Ceremony
2 Lintas EBTKE, Information & Investment Services, Gerbang Indonesia Untuk Energi Terbarukan dan Konservasi 
Energi



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 475

national energy sector in terms of the implementation of the targeted energy mix.

DILEMMATIC POSITION FOR OIL AND GAS COMPANY
Recognized or not, numerous drives or policies to promote ‘green ‘ energy finally become  
dilemmatic problems for major oil companies which have so far enjoyed how delicious taste of 
the profitable business of fossil fuels.  Major oil companies are unexpectedly faced with new 
inconvenient reality especially in the field of drastic drop in their market share. 

Case in Europe is a good example. Major oil companies are seriously charged to hold lobbies and 
other intensive endeavors to postpone or hold slow transition towards clean energy.  In minimum 
scale, charge addressed to major oil companies is about a push on gas energy harnessing 
which probably influences clean targeted energy utilization in Europe in the coming 2030. As the 
Guardian wrote that some fossil oil companies even exercise their power and money to control 
the groups of renewable energy lobbying. Just one mission was made, namely how to retard 
primary aim toward clean energy. 

By quoting some prominent officials in Europen Photovoltaic Industry Association (EPIA), the 
Guardian just estimated for a renewable-gas alliance as the answer to Europe’s energy security 
concerns.   Some internal information voiced that European Wind Energy Association (EWEA) 
has reduced it’s 2030 clean energy ambitions by a third. The apparent arguments sounded that 
position directed to gas use has driven the governments of European Union in determining climate 
target in 2030.

Scientific reasons proposed to support gas utilization are about emission resulted from natural 
gas, just a half compared to coal emission.  It is therefore that the natural gas can be becoming 
renewable reserves for instance regarding cloudy times or less wind circulation. 

However European scientists have said that fossil energy industry superiority is regarding capital. 
Fossil fuel business has resulted in more profitable business compared to the renewable energy 
business. Oil and gas companies and energy utilities embark on entering renewable energy 
associations to drive policy lobbies.  Based on Guardian sources, Marketing Director of big oil and 
gas company for Total namely Mr. Oliver Scharfer has been elected as the president for European 
Photovoltaic Industry Association (EPIA), whereas another Total executive, Arnaud Chaperon 
became vice president for EPIA in 2013. 

There was a clear indication that the strong influence of fossil energy company was seen from 
the renewable trading groups which were suddenly changing renewable groups’ position on 
European Union climate goals agreed by governments in 2014.  

European Wind Energy Association (EWEA) which had previously supported 45% renewable 
energy in the energy mix for Europe by 2030, however, some representatives opposed a higher 
target than 30%. 

In Indonesia, rumors among the oil and gas company to back up clean energy program do not 
relatively appear clearly.  Complaints among the association of biodiesel producers are among 
others that the national oil companies are reluctant to provide the contribution in the research 
and development of renewable energy, and even the commitment of the national oil and Gas 
Company to harness bio-based aviation fuels is no longer heard. 

Gasoil fuels (diesel oil) sales from Pertamina and Patra Niaga (Pertamina subsidiary company) 
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in 2016 was estimated at the top of 12.03 million kiloliters. Meanwhile, Non-Pertamina sales in 
the same year are estimated to reach 4.3 million kiloliters. A regulation issued by the Ministry of 
Energy and Mineral Resources No. 12 /2015 shall mandate to use FAME or biodiesel as high 
as 20 percent.  20 percent coming from 16.33 million kiloliters is a huge number. Therefore high 
FAME or biodiesel market share harnessing in Indonesia is suspected to the reluctance of oil and 
Gas Company to support clean energy utilization.

CONTRIBUTION OF THE GLOBAL OIL AND GAS COMPANIES
Regardless of those unverified information’s, some of the major oil companies have invested in the 
field of renewable energy resources and other low emission carbon solution.  Various strategies 
have been made as part of their business diversification outside oil and gas. Shareholders of 
the major oil companies claim that the companies have to play active roles in the global climate 
change. 

Guardian informed that last year Shell New Energy prepared annual capital expenditure of US$ 
200 million for acquisition and an amount of US$1.7 billion of capital investment as well.  New 
Division of the global biggest oil company will be running hydrogen business activities, biofuel, 
and electricity as well as to handle new business for wind farming.

Last year, this company made a bid for building two windfarm off the coast of Netherlands.  The 
amount of capacity could generate electricity for 825,000 households. Before that Shell has 
owned share for another wind farm project in North America and Europe.

All it seems very urgent that global oil and gas companies to anticipate the fall of fossil fuel oil 
business as has been performed by Statoil. The Norwegian oil and gas company, according to 
Guardian, has been long active in the business of renewable energy. This company has arranged 
its complement business portfolio gradually with low emission carbon business as the profitable 
renewable energy solution.  Last year this company committed to spending 1.2 billion Euros 
to build wind farm project at Arkona in the German Baltic offshore in cooperation with E.O.N.  
Recently Statoil has succeeded in hiring Hywind seabed off Scotland which was planned to be 
built as the largest floating wind farm in the world.3

In that project, a new battery storage solution for offshore wind energy will be piloted from the 
same project. Statoil has also set up a new division for new energy for wind farm development as 
well as CCS (Carbon Capture and Storage). This company has prepared for the funding Statoil 
Energy Ventures that will spend for investment amounting $200 million within more than seven 
years.4

However, according to NASDAQ, no major oil companies which have more renewable energy 
business than Total. Today Total is the major shareholder for SunPower solar panel producer.  
SunPower has been the global leader in producing solar panels.  How serious Total in that 
business, so that purchased Saft battery producer amounting to 1.1 billion US dollar last year.5 
The most dramatic thing is the planned asset sales belonging to Saudi Aramco to create foreign 
$2,000 billion wealth funds.  This movement was similar as Greenpeace has just made such as 
Switzerland has just left banking business.  Some experts have seen this effort as an extraordinary 

3 Seabed based on Merriam Webster is sea bed from the sea or ocean.
4 https://theguardian.com/business/2016/may/21-oil majors-investments-renewable-energy-solar-wind, Green 
Really is the New Black as Big Oil Gets a taste for Renewable.
5 http://www.nasdaq.com/article/total-continues-its-look-beyond-fossil-fuels-to-renewable-energy-cm850814, 
Total Continues Its Look Beyond Fossil Fuels to Renewable Energy
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symbolic sign for an exit strategy from fossil fuel business.6

NATIONAL (OIL AND GAS COMPANIES) ACHIEVEMENT
Main problems for Indonesia for the achievement of renewable energy contribution as high as 
23% in the year of 2025 is viewed as the fact that renewable energy contribution today is just at 
the top of 7%. All is clearly known that renewable energy potential in Indonesia is estimated at 
the top of 440,000 MW. Of the total number, the utilization is just about 8,200 MW or less than 2 
% of the total potential.7 In the Capaian Energi Baru Terbarukan & Konservasi Energi, Semester 
I/2017 (Renewable Energy and Energy Conservation Achievement-Semester 1/2017), Ministry 
of Energy and this ministry has explored targeted achievement performance in the year of 2017 
namely in the field of geothermal and bioenergy. While renewable energy development such as 
solar energy and micro hydropower seems very difficult to achieve the targeted goal in 2017.8

What is far from targetted achievement is among others that the target for harnessing wind power 
which is just decided at the top of 5% in 2025.9 The location for wind farming in Indonesia lies at 
a wide range of the northern and southern coasts of Java, the eastern part of Madura, North and 
South Sulawesi and the eastern part of Lombok. Those locations are most potential to generate 
electrical power.10 

According to Kompas, the problem seems to remain similar. First, the production cost is more 
expensive compared to fossil energy production. Second, the majority of wind farming technology 
in Indonesia is imported. Third, renewable energy policy sometimes is changing rapidly. Fourth, 
no incentive is made by  the government for  running this business. Last but not least, how difficult 
to obtain the permits. And some other classical problems.11

Even for the major achievement, especially in the field of geothermal seems not to become a 
new business. Years of 1926 until 1929, Kamojang becomes the first location for geothermal 
exploration activities.12 Of the total geothermal achievement amounting to 1400 MW in 2015, 
Pertamina remains dominant in this business.13 

However, though Pertamina has set up The Directorate of Gas, New, and Renewable Energy, it 
remains unclear in developing and creating new renewable energy reserves.  Regarding power 
expansion, clean wind power, solar panel up to battery industry as such as Shell and Total have 
made as new engine growth, does not become priority for this company.

Learning the success story in transforming kerosene into LPG in the year of 2007, it seems 
that the government of Indonesia needs to think over the same strategy in optimizing national 
oil company as catalysator in the development of renewable energy in Indonesia. If necessary, 
there is no wrong supposed the government drives directive national oil and gas companies 
to develop renewable energy resources.  The company has; of course, own human resources, 
capital, technology, basic facilities as well as supporting international network.  In some cases, 
the role of big oil companies (Shell, Statoil and Total) has firmly proven in augmenting electricity 
6 https://www.theguardian.com/business/2016/apr/01/saudi-arabia-plans-to-sell-state-oil-assets-to-create-2tn-
wealth-fund, Saudi Arabia Plans to Sell State Oil Assets to Create $2tn Wealth Fund
7 Kompas 26th August 2017, Kendali dan Komando
8 Capaian Energi Baru Terbarukan & Konservasi Energi, Semester I/2017, Ministry of Energy and Mineral 
Resources Republic of Indonesia.
9 R. Choerniadi Tomo, Biofuel, Melawan Ketidakpastian Energi. 
10 R. Choerniadi Tomo, Renewable Energy Resources, Persembahan Pertamina Bagi Bangsa dan Dunia
11 Kompas 26th August 2017, Kendali dan Komando
12 National Geographic Indonesia, www.nationalgeographic.co.id
13 R. Choerniadi Tomo, Biofuel, Melawan Ketidakpastian Energi.
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power capacity.  The capacity of professional human resources within the oil and gas company is 
convinced capable of increasing carbon intensity for energy production mix now. 

Aside from the availability of human resources, national oil and Gas Company is relatively ready 
to work out regarding capital investment in the business.  However, that investment should cover 
public expenditure for the clean energy sector. The available factor of readiness for the national 
oil and Gas Company includes international experience and language skills.  Other oil and gas 
company competitive advantages are closely linked with available basic infrastructures such as 
harbor, fuel oil terminal and electric power plant. The availability of infrastructure does not need 
changes during renewable energy implementation. Clean energy business model is relatively 
easy to set up by using existing business model. 

Several renewable business acquisitions will seemingly provide competitive superiority over 
national oil and gas companies in facing a burgeoning clean energy market.  Furthermore, the 
collapse of crude oil price has relatively shaken the economy of oil-depending countries such as 
Arab Saudi, Nigeria, and Venezuela.  Strategic renewable energy business acquisition can be a 
hedging device upon the risk of falling fossil fuel price and demand in the forthcoming decade. 
There are a lot of energy experts who have reminded the oil and gas companies how to transform 
their business.  If there is no mental revolution in their mind, oil and gas companies will face a 
sorrowful end of their business in the short terms, say in a decade.14
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Geothermal  World's Huge Trapped Energy Hidden in Indonesia

Rowi Alfata, Rangga Hadiwibowo, Muhammad Al-Wafiy

Metallurgy and Materials Engineering, Universitas Indonesia

GEOTHERMALGEOTHERMAL

40%

60%

INDONESIA REST OF 
THE  WORLD

At the deep of 10,000 meters beneath our feet, there is a layer of hot and 
molten rock, called magma. This layer is continually produced heat that makes 
it even hotter than sun's surface. By drilling to the depth of 1 - 3 kilometers, 
we will get the heat that can be used to generate clean, renewable energy 
known as

INDONESIA, located in the PACIFIC RING OF FIRE with 
hundreds of active volcanoes, is the country which has 
the largest geothermal potential with the amount of 
40% OF THE WHOLE WORLD’S POTENTIAL. This huge 
amount of energy can bring Indonesia towards 
achieving fast, clean, and sustainable development.

GEOTHERMAL 

1,375
1.11

OIL
31.49

COAL
24,82

GAS
19.04

HYDRO
POWER

2.36

BIOMASS
21.05

GEOTHERMAL
ONLY

Unfortunately,
Indonesia has not fully utilized this huge potential, showed by a 
small number of geothermal power plants that have been 
installed. In 2015, geothermal energy only contributed  1.11% of 
total supply of national primary energy. This percentage 
represents 1,375 GW installed capacity which makes Indonesia 
THE THIRD COUNTRY in the amount of geothermal energy 
production.

Geothermal Resources
in Indonesia
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How Does It 
Work?

Advantages

Different from fossil fuels, geothermal energy is 
generated right near the plant, so it saves 
transportation cost and free from global market 
fluctuation.

Geothermal power can be produced as a baseload 
renewable energy resource, meaning it operates 24 
hours a day, 7 days a week regardless of changing the 
weather, providing a uniquely reliable and 
continuous source of clean energy.

The eothermal source is the almost unlimited 
amount of heat generated by the Earth's core. After 
its heat is used, the fluid taken out can be reinjected, 
making it a sustainable energy source.

Geothermal power plant releases only a fraction of 
the carbon dioxide produced by the fossil fuels 
power plant, and it emits very little nitrous oxide or 
sulfur gases.

CHEAP

RELIABLE

SUSTAINABLE

ENVIRONMENTALLY
FRIENDLY

https://theconversation.com
https://www.epa.gov

https://pge.pertamina.com
http://www.renewableenergyworld.com

http://geo-energy.org
http://www.thinkgeoenergy.com

hhttp://www.ucsusa.org
 https://www.worldenergy.org

https://www.eia.gov 
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Ocean Energy - an Optimization of  Clean Potential Energy on 
Hydropower Sources

Dwiki Syahbana Putra, Kautsar Muwahhid

Metallurgy and Materials Engineering, Universitas Indonesia

Oil

Gas
Coal
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Energy Storage of  Tomorrow : Advanced Adiabatic Compressed Air 
Energy Storage

Isnania Nurlintang Aqmarina, Muhammad Fahmi Hadar

Metallurgy and Materials Engineering, Universitas Indonesia
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Final Energy Consumption Indonesia, 2015

Ayatulloh M. Sholeh

Statistics Indonesia /BPS

629.434 Terajoule 

765.964 Terajoule 919.298 Terajoule 

292.619 Terajoule 1.247.311 Terajoule 

455.957 Terajoule 

Do you know? Indonesia's largest primary energy production is 
Coal 

192.660 Terajoule 

Total Energi: 4.554.788 Terajoule 

4.113 Terajoule 

• All coal energy is 
consumed by industry 
and construction. 

• All energy of briquettes 
and coke is consumed by 
industry and 
construction. 

• As much as 51.21% of 
light-weight fuel oil is 
consumed by households 
and other consumers. 

• 79.05% of heavy fuel 
energy consumed by 
transportation.... 

36.304 Terajoule 
• Industry and construction are the 
largest sectors consuming energy of 
other Oil Processed Products by 
37.73%. 

• As much as 65.31% of 
LPG and Gas Refinery 
energy is consumed by 
Industry and 
construction. 

• 96.42% of natural gas 
energy is consumed by 
industry and construction. 

• As much as 65.78% 
electrical energy is 
consumed by 
households and other 
consumers. 

• As much as 65.78% of the 
biomass energy is consumed by 
industry and construction. 

Reference: Badan Pusat Statistik. (2016). Neraca Energi Indonesia 2011-2015 
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Dye Sensitized Solar Cell (DSSC) from Natural Dye Extracted by White 
Dragon Fruit Peels for Renewable Energy

Astari Indarsari, Annida Jihan, Devara Clarissa

Metallurgy and Materials Engineering, Universitas Indonesia

What Is DSSC

How It Works
&

DSSC can convert sun light into electric power photo - electro-
chemical that band gap as a semiconductor by the dye solu-
tion

Consists of nano crystalline Titanium Dioxide (TiO2) as a semi-
conductor layer, sensitizing dye solution as photon energy 
absorber, triiodide solution as an electrolyte and counter 
electrode as a catalyst for the regeneration of the sensitizer. 

>>

>>

Indonesia has large territory that consumes 232.520,00 
MWh / 2015 [Kementrian ESDM 2015] for electrical 
energy, so Indonesia needs an alternative energy to 
supply their needs. The increasing demand for fuel in the 
world led to increasing consumption of fossil fuel that 
can’t fullll their needs. By contrast, solar cell as one of 
the renewable energy sources is abundant, especially in 
trtropical countries. Dye-Sensitized Solar Cell (DSSC) can 
be used as a renewable energy.

Sunlight DSSC Mechanism

The Role of
 Hylocereus Undatus

Anthocyanin
&

The Role of
 Hylocereus Undatus

Anthocyanin

Hylocereus Undatus or Dragon Fruit is 
the source of Anthocyanin

Anthocyanin is a natural pigment that 
gives color to various plants that used as 
natural dyes for many applications.

It is important to improve the perfor-
mance of DSSC that can absorbs the light 
spectrum 
Work to help substances to increase elec-
tron injection to the TiO2 semiconductor 

EXPERIMENT & RESULTS

UV-Vis Absorption Spectra from pH1 - pH5
J-V Characteristics of DSSC with pH 1, pH 3, pH 5

Methods :

UV-Vis Absorption Spectra 
from Different pH Result 

J-V Characteristics of DSSC 
with different pH

The maximum absorption results at wave-
length 425 nm. The highest absorbance value 
at pH 5
These  are assumed the low pH causing elec-
tron injection decreases and concentration of 
anthocyanin increases at higher pH. 

This DSSC has the highest efficiency on pH 5 around 
2.954%. 
This result is conlrming that pH 5 solution provides 
as the best pH to extract.. 

It is important to improve the perfor-
mance of DSSC that can absorbs the light 
spectrum 
Work to help substances to increase elec-
tron injection to the TiO2 semiconductor 

Astari Indarsari, Annida Jihan M., Devara Clarissa P. - Metallurgical And Materials Engineering, University of Indonesia

Dye Sensitized Solar Cell (DSSC) from Natural Dye 
Extracted by White Dragon Fruit Peels for Renew-
able Energy

Dye Sensitized Solar Cell (DSSC) from Natural Dye 
Extracted by White Dragon Fruit Peels for Renew-
able Energy



PROCEEDING OF PYC INTERNATIONAL ENERGY CONFERENCE 2017 487

Proper Policy 101 Green Rating Business for a Better World

Muhammad Ridwan, Nabila Kharimah Vedy, Yosep Peniel Batubara

Faculty of Law, Universitas Indonesia

x

x

Pasal 43 ayat (3) huruf h Undang-Undang Nomor 32 Tahun 2009 tentang Perlindungan dan Pengendalian Lingkungan Hidup
Peraturan Menteri Lingkungan Hidup 6 Tahun 2013 tentang Program Penilaian Peringkat Kinerja Perusahaan dalam LH

Program Penilaian Peringkat Kinerja Perusahaan or
PROPER is a control mechanism of corporate's environ-
mental responsibility conducted by State  Ministry of 
Environment Indonesia. Every corporation will be rated 
based on performance in managing the environment 
(fulfil all requirements in environmental policy) and gain a 

publication incentive from the government.

Obey all rules and policy in the environmental sector + 
zero discharge and commumity development

obey all rules and policy in the environmental sector + 
minimalization discharge and community relation

the standard
obey all rules and policy in the environmental 
sector

below standard
 not attain all rules in the environmental sector

break the rules
doesn't have the effort to obey all rules and policy 

in the environmental sector

Muhammad Ridwan, Nabila Kharimah V., Yosep P. Batubara

PROPER POLICY 101
GREEN RATING BUSINESS FOR A BETTER WORLD

GOLDEN PROPER RATING
FOR A GOLDEN FUTURE
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Go Self-Sufficient Energy: SUBVOTEC

Anugrah Muzakki Puar, Nuresi Rantri Desi Wulan Ndari, Silvia Ayu Agatha

Geophisical Engineering, Bandung Institute of Technology
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The Power Beneath Your Feet (Transforming Footsteps into Electrical 
Energy Using Piezoelectric Materials)

Natasha Kisti Nugraha, Cindy Retno P, Annisa Ovilia Y

Metallurgy and Materials Engineering, Universitas Indonesia

BACKGROUND

THE POWER BENEATH YOUR FEETTHE POWER BENEATH YOUR FEET
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Dusk in the Karang Kandri Steam Electric Power Station

Rofyan Sofyaman

"The photo is Cilacap Steam Power Plant (PLTU) Expansion 1 x 660 Mega Watt (MW) located in 
Karang Kandri Slarang Village, Kesugihan District, Cilacap Regency, Central Java. This power 
plant is built to reinforce Java - Bali electricity system. The power plant uses "ultra supercritical 
boiler" technology which not only could save fuel, but it also has high efficiency and environmental 
friendly. Up to now, the power plant is still under development to expand its territory."
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"An equitable development is still an issue up to now. In big cities, there are growing skycrapers. 
Various facilities are utilized from transportation to electricity and water supply. However, Cobhuk 
Village in Situbondo remains with no electricity until today. Local residents admitted that they 
need electricity to increase their welfare. Although the existence of electricity has not yet become 
reality, the local people is eager to continue their daily activities."

Life Without Electricity

Muhammad Bahrul Ulum
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Energy as the Basic Foundation of  Human Activity

Widya Wisesa Pradipta

“Humans and energy cannot be separated. Commuter line as the example of human-energy 
interaction gives people advantage to reach any destination easily. Jakarta, as the center of 
economic activites in Indonesia, has people who live outside Jakarta. They rely on Commuter 
Line as one of their main public transportation to come to Jakarta. If there is no Commuter Line, 
people tend to use private transportation that still use gasoline, and it could cause traffic and 
pollution that is harmful to human health. Therefore, Commuter Line can solve traffic, pollution 
problems, and support human activities.”
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Nature is Powerfull

Egi Setiawan

"From the plateau to the lowlands, energy always come to illuminate the darkness. Its light is to 
replace the lamp’s function, and to replace the coal’s function. Save the earth! "
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Pertamini Desa

Gholib

Residents fill gasoline at Pertamini in Tieng Wonosobo Village, Central Java, the existence of this 
gas station is helping citizens due to unavailable gas stations nearby.
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Geothermal Kamojang, the Pioneer

Hadi Prasojo

“Geothermal energy is one of sustainable energy. This is evidenced by Kamojang, a pioneer 
geothermal area in Indonesia. The potential area, located in WKP Panas Bumi Kamojang-Darajat, 
West Java, has been utilized its potential to generate electricity since the 1970s. Until now, this 
area has grown to 5 units of PLTP (Thermal Power Plant) with a capacity reaching to 235 MW 
while preserving a sustainable environment.”
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Elapsed

Irene Angela

“(LDN) Ultra-efficient car prototype "Kalabia Evo. 5" passes by a 5-year toddler in an international 
energy efficient car making competition.

Shot with Canon EOS 70 D + 18-200 mm f/6.2 @ ISO 1200, 1/60, f/7.0.”
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Coal Supply Chain

Ahmad Budi Setiyawan

"Energy is everywhere. Human need energy to do activities in everyday life. Coal is one of the 
common raw materials that used to make energy especially electricity. It needs to deliver to 
power plant to generate electricity. A good supply chain management is needed to make sure 
effectiveness and responsiveness on delivery. This photo is one of the process coal delivery to 
power plant. Floating crane grab some coal from barge onto hatch of the vessel."
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PLTS Lombok Observatorium Geomagnetic

Rizal Satria Aryadi

“The Solar Power Plant (PLTS) is used to meet the server's electricity needs for magnetic logging 
(Magnetometer) data acquisition during a power outage at the Lombok Geomagnetic Observatory 
Project* in Rembitan Village, Central Lombok, West Nusa Tenggara. PLTS is installed near the 
server. PLTS turn on during the day to the evening or when there is a power outage from PLN. 
Basically, PLTS is used as an alternative energy to meet the electricity needs for the project. 
While the peak load at the geomagnetic observatory is 1980 watts, PLTS can generate 26.5 kWh 
per day with a size of 100 wp.”

* Project observation and measurement of magnetic anomalies
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Atambua Market 2017

Rini Rachmawati Suharto

“Apparently now there are still many areas in Indonesia that have not been touched with electricity. 
But do not make them to give up with the circumstances. For example: Atambua, the name of a 
place in NTT, which still has problems with electricity. Not all places have electricity (maybe still a 
small part of the area that has been in the flow of electricity), where from this photo we can see 
they still have to use traditional tools (eg, Petromak) as a lighting tool to make sale and purchase 
transactions. Looking at this picture finally made me realize how important Electricity is in this 
world, imagine if we have to live without electricity. So I want to urge the Indonesian people to 
be more intelligent to use electricity, start to learn to save electricity for the sake of our children 
and grandchildren later. In addition, by saving electricity we can help the Government to provide 
uniform illumination for our brothers living in the interior, so they can feel the electricity.”

Please consider the environment before using electricity.

Save the Electricity and Go Green.
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