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Abstract 

 
The energy security paradigm has evolved from focusing only on physical 
availability to include economic and environmental building blocks. It now 
relates very closely with the sustainable development paradigm. Combining the 
availability, accessibility, affordability, and acceptability elements in the energy 
security view with the social, economic, and environmental dimensions of the 
sustainable development perspective allows physical and short term concerns to 
be interlinked with wider and longer term considerations. An application of this 
framework is used to evaluate the current energy situation in Indonesia. 
 

1. Introduction  
 
The world’s historic reliance on oil has been manifesting in all aspects of human life, from 
political platforms and economic policies to business practices and the daily decisions of 
individuals.  The world is now facing loads of challenges from many directions and in 
various forms, as our fondness for oil and other fossil fuels has been identified as a 
significant contributor to global warming, as well as due to its devastating impacts on human 
beings and other creatures on this planet.  Although some people are still in doubt, the stakes 
is too high to be taken lightly.   
 
A crisis in energy provision in any country, although even small in magnitude, has both direct 
and indirect links to the global conundrum.  Reactive and ad hoc responses to the ‘smaller’ 
disorders may create a range of new problems in the future, primarily because the individuals 
and institutions responding do not recognize other factors at play.  An overly simplified view 
may block our sight and our thoughts from discovering a better way to address our problem.  
A comprehensive and systematic evaluation is required to identify the leverage points that 
will allow us to move forward.  This article highlights three wide-ranging principles, namely 
energy security, sustainable development, and governance; that can help us see through the 
complexities of the energy challenges we are facing.     
 
Perspectives on energy security evolve through time.  It initially focused on the availability of 
energy, and the center of attention was on the primary energy supply side, especially crude 
oil.  However, in recent years it has been widely recognized that energy availability can be 
affected by various factors in each segment of the energy industry, as well as in interactions 
among those segments.  Major concerns remain in relation to the sufficiency of supply and 
the quality of energy services. However,  prices and various economic arrangements are also 
important since they dictate the quantity and quality of energy provision, as well as the 
pattern of energy consumption.  Further, activities in all segments of the energy sector impact 
society, ecology, and the environment in general; which in turn directly or indirectly affect 
the supply and demand of energy and therefore energy security as well. The new paradigm of 
energy security pays attention to the whole chain of the energy industry, since any mishap 
caused by or affecting any of the elements may disrupt energy security at various magnitudes 
in the short as well as long term.   
 



At this point in understanding the conditions that encompass energy security, it becomes clear 
that there are some linkages between energy security and the principles of sustainable 
development.  Balancing economic, social, and environmental objectives is crucial to 
maintaining sustainable development, and similar concerns also apply to retaining  energy 
security.  However, the two paradigms may have a slightly different emphasis attributed to 
the origin of those concepts.  Energy security may put more weight on the short and medium 
term issues, while sustainable development addresses long term concerns.  Recognizing the 
similarities, as well as differences, between the two would enhance our tools toward a better 
understanding about the complex energy challenges facing us.  
 
Another slice of the analytical tool encompasses the governance principles, which include, 
among other things, transparency of information, public participation in important decision 
making, the accountability of authorities, and the redress mechanism, especially for 
vulnerable groups.  It is useful to view institutional arrangements, decision making processes 
and the contents of the legal framework of the energy system from the governance point of 
view to improve clarity in identifying drivers, as well as potentially viable solutions, to 
specific problems. This article does not address this issue since it has been discussed in article 
3 of this journal. 
 
Section 2 of this article discusses various perspectives concerning energy security. Section 3 
presents the methodology, analytical framework and some indicators of energy security 
developed by several organizations. Section 4 describes the synthesis and approach used by 
IIEE to analyze the energy security and sustainable development framework. Finally, in 
section 5 the analyses on the energy security indicators and other relevant issues on ESSD 
will be presented. 
 
2. Energy Security Perspective 
 
The energy industry is characterized by a long value chain from upstream to downstream 
activities. This industry consists of three major segments: (a) primary energy supply, (b) 
energy conversion and (c) energy consumers. The primary energy supply segment involves  
largely upstream industries providing primary energy as input to the energy conversion 
industry or for direct use by end-users. Players in this part of the energy industry may include 
companies involved in oil, gas, coal or other primary energy production, and may also 
include energy exporting countries. Meanwhile, the energy conversion sector processes 
primary energy inputs to become final energy products, such as electricity and petroleum 
products, that can be used by the end-users as useful energy sources. This sector includes 
electricity generation and oil refining businesses, and may also include exporting countries 
for transnational trade. Lastly, the demand sector utilizes outputs from energy industries, both 
in the form of primary energy and final energy sources. Households, the transportation sector, 
industrial sector and the commercial sector are part of this segment of the energy value chain. 
Within these three major energy segments, the role of energy transporter is also important 
because it distributes the energy products through pipelines, railroads, electricity transmission 
and other modes. 

 
Energy security means different things for different stakeholders.  Energy consumers and 
industrial users may insist on reasonable prices and be concerned about uncertainties in 
energy supply. The producers of primary energy may focus on the accessibility of new 
energy resources, infrastructure development and a stable investment climate. Electricity 
generating companies have concerns about the reliability of the whole network, covering the 



supply of primary energy for power generation, their power plants and related transmission-
distribution infrastructure, and consumer behavior. Governments of developing countries 
may concentrate on managing their natural resources as the main source of support for 
economic development. Policy makers may focus on the availability of the security margin, 
strategic reserves, and infrastructure redundancy in the energy system.  Throughout the value 
chain, price volatility and supply diversity are critical factors affecting energy security.  
Referring to these views, Cambridge Energy Research Associates, Inc, (CERA, 2006) defines 
energy security as “an umbrella term that covers many concerns linking energy, economic 
growth and political power”.  Figure 1 illustrates varying stakeholder perspectives of energy 
security. 
 

 
Source: Compiled from ‘The New Energy Security Paradigm’, CERA, 2007 

 
Figure 1  Energy Security in Various Perspectives 

 
 
The Asia Pacific Energy Research Centre (APERC, 2007) defines energy security as “…the 
ability of an economy to guarantee the availability of energy resource supply in a sustainable 
and timely manner with the energy price being at a level that will not adversely affect the 
economic performance of the economy”. APERC identifies that energy supply is affected by 
many factors, such as (1) oil reserve availability, both domestic and from foreign sources, (2) 
the ability of the economy to provide the projected energy demand, (3) diversity of energy 
sources and suppliers, (4) accessibility to energy sources in term of infrastructure availability 
and transportation, and (5) geopolitical aspects of the energy resources. This definition also 
implies that in the demand side, an economy has an advantage if it can separate economic 
growth from energy uses.   
 
APERC classifies three fundamental elements of energy security, i.e., (1) physical energy 
security that relates to the availability of and accessibility to the energy sources, (2) economic 
energy security that concerns the purchasing ability of the energy end-users and the 
investment requirement for infrastructure development, and (3)  environmental sustainability 



elements that focus on activities to fulfill energy needs without sacrificing the future 
generation’s  ability to fulfill its own needs and demands. 
 

 
3. Review of Existing Models 
 
Some organizations have proposed several methodologies to measure the energy security of 
countries, both quantitatively and qualitatively. Some of these institutions are the Asia Pacific 
Energy Research Centre (APERC), International Atomic Energy Agency (IAEA), and 
International Energy Agency (IEA). All of these institutions use different methodologies and 
analytical frameworks reflecting their perspectives on energy security. 
 
APERC Model 
 
In its 2007 study1 on energy security for APEC member countries, APERC approaches 
energy security in terms of (i) energy resource availability, (ii) accessibility barriers, (iii) 
environmental acceptability, and (iv) investment cost affordability. This study focuses on 
oil, natural gas, coal, and nuclear power as the primary energy sources within the following 
context: 

• Oil has been outstanding in the world energy mix, but relates to the high level of 
greenhouse gas emissions 

• Natural gas has lower carbon emissions but is heavily dependent on infrastructure 
availability, such as gas pipelines and LNG terminals.  

• Coal is abundant compared to other fossil fuels and has a relatively stable price. 
Environmental concern about using coal has been addressed through the adoption and 
development of new technology that lowers emissions and raises efficiency.  

• Nuclear power,  as one of the alternative energy resources has become an option for 
future energy supply in some countries. However, the limited and concentrated 
uranium supply will hamper the development of new nuclear power plants. 

 
Energy availability does not necessarily mean it can be accessed easily. Political instability in 
the  Middle East, Africa, and other oil producing countries concerns the world oil supply. In 
unstable political conditions, access to natural resources by international energy companies is 
very difficult and the role of the national energy company is very important. Energy 
resources accessibility also relates to geographical condition between supply and demand 
regions, infrastructure availability, technology, financing, human resources and 
environmental concerns. 
 
The environmental concerns about utilizing energy resources, especially fossil fuels, relate to 
the emission of CO2, SOx, NOx and other greenhouse gases from burning coal, oil fuels and 
natural gas as they create global and local atmospheric abnormalities. Another concern is the 
shift on the usage of land in forests or other conservation areas for the energy business, such 
as oil exploration and coal mining activities. For nuclear energy, the concern is not about the 
combustion by-products, rather the uranium mining activities and the nuclear waste of which 
the technology for safe handling is still developing. All these implications for energy choices 
affect the environment negatively, and acceptability would mean the ability to manage and 
control these adverse impacts.   
 

                                                 
1 Asia Pacific Energy Research Cooperation, 2007, A Quest for Energy Security in The 21st Century. 



The last representation of energy security is investment cost affordability. As mentioned 
earlier, the utilization of energy resources cannot be separated from resource availability and 
infrastructure development. The location of energy resources in remote areas or in deep sea 
will increase overall exploration and production costs. Geographical separation between 
supply and demand regions requires high investment in infrastructure development, including 
gas pipelines, LNG terminals, ports and harbors, electricity transmission, etc. Volatility in 
world energy prices will influence investment decisions in the upstream sectors, and therefore 
affect energy supply. The cost of developing most alternative energy is still high due to 
technology infancy and limited market scale.   Nuclear energy development requires a high 
capital cost. The operation and maintenance costs of nuclear power tends to decrease, but the 
international security issue of proliferation of nuclear weapons and concentrated uranium 
supply can affect the long term production cost of nuclear energy. 
 
In this study, APERC asserts that  an efficient diversified portfolio of primary energy sources 
is necessary to support long term energy supply security. They use five indicators to examine 
the energy supply security of the APEC countries, i.e., (1) diversification of primary energy 
demand, (2) net energy import dependency, (3) non-carbon based fuel portfolio, (4) net oil 
import dependency, and (5) Middle East oil import dependency. From these indicators it is 
clear that APERC’s focus is on physical availability as the primary indicator for energy 
security of the concerned countries.  
 
IEA Model 
 
IEA presents a different view in looking at energy security issues.  In their 2007 report2 on 
climate change mitigation and energy security policies, physical unavailability and price 
volatility or non-competitiveness are identified as the basic cause of energy insecurity 
through their impacts on welfare.  Measures to mitigate the risk of short term energy supply 
disruption include establishing strategic reserves of oil.  In contrast, policies to improve 
energy security in the long term focus on addressing the root causes of energy insecurity, 
which are: (1) energy system disruptions linked to extreme weather conditions or accidents, 
(2) short-term balancing of demand and supply in electricity markets, (3) regulatory failures, 
and (4) concentration of fossil fuel resources. According to IEA, the main driver that has 
long-term impact on both energy security and climate change is resource concentration. 
 
Measuring price and physical availability as indicators for the cause of energy insecurity can 
have varying results in different energy markets. A measure of the price component is 
constructive for the market where prices can adjust to the change in the supply-demand 
balance. Under this condition, the risk of physical unavailability is minimized and the 
principal energy security issue relates to non-competitive price setting or overly volatile 
prices.  This energy security indicator (ESIprice) is measured based on market concentration of 
each international fossil fuel market. With this indicator, a country that has exposure to a 
highly concentrated market will have low energy security.  
 
In contrast, the physical availability component of energy security is useful in the markets,  
where price is regulated or indexed to other energy commodities. In this condition, the price 
will fail to balance supply and demand. The energy insecurity, therefore, occurs due to the 
lack of an adjustment mechanism. Pegging the energy commodity to other energy 
commodities will increase the price risk of this commodity in relation to the other commodity 

                                                 
2 International Energy Agency, 2007, Energy Security and Climate Policy Reassessing Interactions. 



markets. The example used by IEA is for a gas price that is indexed to the oil price, where 
excess demand does not trigger appropriate supply adjustment. The Indonesian case is an 
example of this setting, where the electricity tariff and oil fuels for non-industrial purposes 
are regulated by the government.  The slow electricity tariff adjustment has caused low 
growth in generating capacity, while demand is growing more rapidly, leading to low 
electricity access and frequent electricity black outs or brown outs in most of the regions. 
 
Based on their exercises on five OECD European country policies, the IEA highlights that 
“policies deemed acceptable either to reduce CO2 emission or to improve energy security 
may no longer hold when considered through the prism of an integrated climate-security 
energy policy”.  A quantitative analytical approach can help to identify and measure which 
policies are effective to address both the energy security and climate change mitigation 
objectives of these governments.  
 
 
IAEA Model 
 
IAEA led a joint effort with United Nations Department of Economic and Social Affairs 
(UNDESA), IEA, Eurostat, and European Environmental Agency (EEA) in 2005 to publish 
guidelines and methodologies for the Energy Indicators for Sustainable Development 
(EISD)3.  Energy is essential in human life to achieve good health, high living standards, a 
sustainable economy, and a clean environment.  However, every type of energy emits 
pollution, produces waste, and is linked to other forms of risks during its life cycle.  Selection 
and use of any particular type of energy and related production technology involves trade-
offs with respect to economic, social, and environmental consequences.  Several forms of 
measurement are necessary as in real life the choices generally represent a complex set of 
trade-offs.  Policy makers need to be able to measure and assess the implications of policies 
they set against the sustainable development principles.   
 
Starting from the definition of sustainable development by the Brundtland Commission, 
i.e.,”... development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs”4, IAEA highlights the essential role of energy as 
a means to achieve good health, high living standards, a sustainable economy, and a clean 
environment.  There are 30 indicators representing the linkages of energy with social, 
economic, and environmental dimensions of sustainable development.  These indicators are 
classified into 7 themes and 19 sub-themes.   
 
In this guideline, energy security is one of the two themes within the economic dimension.  
The scope of energy security in this approach is very limited as it is represented by only two 
indicators, namely (1) net energy import dependency, and (2) stocks of critical fuel per 
corresponding fuel consumption. In contrast with the APERC classification, many factors 
that can affect energy security belong to other groups of indicators of different themes.  For 
example, in the IAEA guideline energy diversification is grouped within the theme of energy 
use and production patterns, which is separate from the security theme.  Similarly, 
greenhouse gas emission and air quality are parts of the atmospheric theme in the 
environmental indicators group, which is unattached to the economic dimensions.  However, 
IAEA noted that some indicators can be grouped in more than one dimension, theme, or sub-
                                                 
3 International Atomic Energy Agency, 2005, Energy Security Indicators and Sustainable Development: 
Guidelines and Methodologies. 
4 World Commission on Environment and Development, 1987, Our Common Future.   



theme since there are significant linkages among these categories.  It is also noted that each 
indicator might represent a group of relevant indicators to assess a certain issue.  
 
 
4. Energy for Sustainable Development 
 
The first article in this journal discusses various forms of energy scarcities in Indonesia 
during the last several years.  Inadequate and disrupted supplies of oil fuels, natural gas and 
electricity indicate problems in energy availability in the country, indicating a symptom of 
energy insecurity.  Various reasons, such as supply quotas, technical difficulties, and weather 
conditions contribute to these shortages. Taking into account the methodologies introduced 
by several institutions mentioned in the earlier section, IIEE conducted a preliminary study 
on energy security in Indonesia. 
 
This study uses the Energy Security and Sustainable Development (ESSD) framework, which 
is a synthesis of energy security in the 4A approaches (availability, accessibility, affordability 
and acceptability) and the sustainable development dimensions (social, economy, and 
environment). Based on its elements, this framework is a combination of two different, but 
interconnected, views. The energy security view represented by the 4A tends to focus on 
physical terms, economic considerations, and short-term objectives; although the 
‘affordability’ dimension covers social aspect and the ‘acceptability’ dimension embraces 
some longer term factors. In contrast, the sustainable development dimension brings together 
human development, economic progress, and good ecological condition; which in sum 
underlines inter-temporal and inter-generational allocation of available resources in 
improving welfare. The two perspectives together in the ESSD framework allows a 
systematic approach to highlight the short, medium, and long term implications of energy 
related policies and programs.  It also recognizes the links between the works of human and 
nature.  The ESSD framework provides a comprehensive base to evaluate the complex 
linkages between energy and development.  
 
Error! Reference source not found. presents a summary of ESSD framework.  This 
analytical framework also represents the three layers of energy securities identified by 
APERC, which are: (a) physical availability, (b) economics of energy security, and (c) 
environmental sustainability. 
 
  

Table 1 ESSD Framework 
 
 Social Economy Environment 
Availability The social implications of the 

energy diversification & 
physical supply disruption  

• Diversification 
• Dependency 
• Physical Supply 

Disruption 
• Energy Use Pattern 
 

The environmental 
implications of energy 
diversification & energy use 
patterns 

Accessibility Household access Energy infrastructure & 
transportation 

The implications of 
environmental condition and 
natural disaster to energy 
access. 

Affordability Share of household 
expenditure on energy 

Energy price, investment 
capital requirement, energy 
subsidy 

Developing country: linkage 
of energy choices & utilization 
pattern with the environment. 

Acceptability The quality & quantity of 
energy services acceptable by 
the public. 

Benefit of the energy 
substitution program to the 
economy 

• Emission , waste, land use 
changes for energy 
production 

• Efforts to reduce global 



warming 
 
Governance • Institutional Arrangement 

• Decision Making Process 
• Substantive Issues 
 

Note Physical energy security in blue fonts 
Economic energy security includes physical energy security and the orange fonts  
Environmental energy security in green fonts:  

Source :  IIEE Study 
 
Evaluation of the physical energy security focuses on meeting the domestic energy demand 
in both the supply and demand sides. Physical energy security is represented by indicators on 
energy diversification, dependency on specific energy type or source, supply disruption, 
energy use pattern, and the accessibility of energy. Some major concerns along this line 
belongs to the ‘availability’ and ‘accessibility’ dimensions, while in the sustainable 
development principles they lie within the economic dimension.   
 
The second layer is economic energy security, where the concerns includ physical energy 
security and economic factors that may affect it.   These include end-user purchasing ability, 
investment requirements for developing energy infrastructures, energy prices, and subsidy 
allocation in the state budget. The main focus In the energy security perspective they belong 
to the ‘affordability’ dimension, while it is in the economic and in the sustainable 
development perspective .  Income portion to acquire energy services for the low income 
households can be used to measure the vulnerability of these households on price increase.  
Investment problems in energy infrastructure development and dependency on certain mode 
of transportation for delivering energy commodities and services are also evaluated in this 
context. Study on energy price analyzes the difference between cost of supply and revenue in 
electricity sector, subsidized and market price for oil fuels, domestic and international market 
for coal price, gas price difference between industrial sector and for state-owned utility 
company, and the burden of energy subsidy in the state budget.   
 
Many aspects in ‘availability’, ‘accessibility’ and ‘affordability’ of energy also have direct 
and indirect linkages to social and environmental dimensions of the sustainable development 
principles. For example, some government programs on energy diversification have a 
significant social impact.  So do energy supply disruptions across the nation as discussed at 
length in the first article of this journal. Similarly, energy selections as well as pattern of 
energy uses are impacting the environment through local air, water and land pollution, 
wastes, as well as the change in land use for energy supply purposes.  Vice versa, 
environmental conditions affect energy availability, accessibility and affordability in many 
ways.  Natural disasters and human-triggered tragedies damaging the environment have made 
energy unavailable, inaccessible, and unaffordable in those affected areas, in a large extent 
due to destructed infrastructure.   
 
The study on the environmental sustainability dimension covers the issues on the linkages 
between social and environmental condition to the current production and deliveries of 
energy services, as well as on how the present utilization of the energy resources may affect 
the ability of future generation in fulfilling their energy needs. In the energy security term, 
the main focus of this analysis is on ‘acceptability’ dimension.  Some important issues in this 
element are implication of energy diversification, energy use pattern, choice of energy 
sources, and dependency on fossil fuels to the environment.  
 
All the above elements cannot achieve both energy security and sustainable development 
without the implementation of good governance, which among others calls for transparency 



of information, accountability of authorities, public participation in important decision-
making process, and redress mechanism for negative impacts of development which includes 
special care to the vulnerable groups. The institutional arrangement, decision making process 
and some substantive issues are integrated with the previous three dimensions of sustainable 
development and four dimensions of energy security. 
 
This framework allows evaluation of the cross links between energy security principles and 
the sustainable development dimension to be explored, both in terms of a specific time frame 
and for longer periods of observation. 
 
 
5. ESSD Analysis for Indonesia 
 
This section explores ESSD condition in Indonesia in more detail based on the proposed 
framework and indicators.  Some technical indicators can be measured quantitatively using 
accessible statistical data, calculated using formulas developed by APERC (2007).  However, 
some indicators are evaluated qualitatively since there is currently no suitable formula or data 
available.  Qualitative assessments are based on various information sources including news 
in the media, previous research and studies, discussion forums, and interviews.  These 
qualitative measures may be developed into more quantitative measures, but further 
elaboration of the methodology and sets of publicly available data are required.   
 
The whole work is an initial step towards a systematic evaluation of development in the 
energy sector, which is an essential building block of the national development.  Robust 
methodology need to be developed ….  
 
 
Availability 
Study on availability concern on how to ensure energy commodities are physically available. 
This section will explore the social, economic and environment dimension of availability. 
Table 2 Summarize the influence of each issue and indicators of availability on ESSD as a 
whole. 
 

Table 2.  Availability of Energy 
 

Dimension Issue Indicators Influence 
on ESSD 

Diversification • Social impact of diversification program 
• Share of subsidized fuel  

Social 
Supply 
disruption Social unrest  

DoPED (Diversification of Primary Energy 
Demand)*  Diversification 
DoPG (Diversification of Power Generation)*  
NOID (Net Oil Import Dependency)*  

Dependency MEOID (Middle East Oil Import 
Dependency)*  
SAIDI-SAIFI*  
Kerosene shortage  
Electricity Crisis  

Economic  

Supply 
disruption 

Coal Supply  



Gas Supply  
Oil & Gas Reserve to Production Ratio 
(R/P)*  

Coal Reserve to Production Ratio (R/P)*  
Productivity of Final Energy Consumption  :  

• Intensity per GDP*  
• Intensity per Capita*  

Energy Use 
Pattern  

• Elasticity of Final Energy*  
Diversification NCFP (Non-Carbon Fuel Portfolio)*  

Environment Supply 
disruption 

Fuel substitution (gas to BBM, kerosene to 
biomass)  

*) base on study of historical data 
 
 
 
 
 
 
 
 
 
 
Availability-Social 
The social dimension of energy availability in ESSD framework portraits the impacts of 
energy availability on social life in the economy. There are two main issues in this 
dimension, i.e., energy diversification and supply disruption. In supply disruption issues, we 
focus our discussion on two indicators the social impacts of the energy diversification 
program and share of subsidized fuels on total consumption. Meanwhile, in supply disruption 
issues, we tried to identify the social unrest which occurred due to supply disruption in, for 
example, kerosene shortage and electricity blackout. 

The social impacts of energy diversification, especially in households and transportation 
sector, occurred during the introduction of the diversification program to the sectors. For 
reducing the subsidy burden in state budget due to increasing demand and price of oil, the 
government had tried to limit the supply of kerosene since the amount of the subsidy had 
already beyond the planned budget. The reduction on the subsidized kerosene eventually 
created a long queue in several places around Indonesia as mentioned in the previous article. 
Beyond the long queue was the loss of income from the food vendors since there was limited 
kerosene available in the market for them to cook their food. The diversification program at 
its initial stage was introduced, indicatively, by involuntary forces. The reduction of 
kerosene, for example, could be seen as an attempt to force the kerosene consumers to switch 
to other alternative energy sources, while there were limited alternative available. 
Consequently, most of these inconveniences were directed to Pertamina, a state-owned oil 
and gas company, inability to fulfill the demand.  

The other indicator related to the social impacts on the diversification program is the share of 
subsidized fuels to the total final energy consumption. For more than two decades, most of 
the fuels and electricity tariff were subsidized by the government. Currently, electricity tariff 
is still subsidized and for oil fuels only kerosene, gasoline and automotive diesel oil are also 
subsidized. Although significant price increases had been applied for the three oil fuels in 
2005, their demands have not been decreased significantly. In the household sector, for 



example, the share of subsidized energy, which includes kerosene and electricity, has more 
than 50% from the total final energy consumption in this sector for the last 10 year (see 
Error! Reference source not found.2). In an attempt to reduce this condition, the 
government has tried several programs to switch the kerosene consumption in household and 
small commercial sector with other alternative fuels, which includes the most recent LPG 
program. The kerosene switching program to LPG has been initiated at the beginning of 2006 
with objective to reduce kerosene consumption which at the end reduces subsidy burden. This 
program is intended to last until 2012 by introducing small-size LPG tank and small gas 
stove. However, during its implementation some barriers have been occurred, especially 
related to technical and behavior of the consumers that new to LPG use. Base on those 
considerations we can infer that the social impact of energy diversification and share of 
subsidized fuels to the total final energy consumption have negative influence on ESSD. 

 

In social impacts of energy supply disruption, whether it is oil fuels, gas or electricity, the 
indicator is the frequency or the severity of social unrest due to the disruptions.  The frequent 
electricity blackout in West Kalimantan has outrage the PLN’s customers who at the end tried 
to take over its regional office building.  In the other part of Indonesia, some public rallies 
took place to express dissatisfaction on the unavailability of kerosene and gasoline. Prolong 
electricity disruption in some regions, for example North Sumatra, has forced some of 
customers to register legal action to the electricity provider. Social dissatisfactions also 
existed during these periods related to the disappearance of kerosene as results of illegal fuel 
mixing between diesel oil and kerosene and illegal stockpiling. 
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Figure 2. Share of subsidized kerosene and electricity in household sector. 
 
Availability-Economy 
 



The diversification issue is reflected by the indicator of Diversification of Primary Energy 
Demand (DoPED) and Diversification of Power Generation (DoPG). DoPED is an indicator 
that measures the dependency of a country on specific primary energy resources and based on 
Shannon index approach. The highest the number, the more diversified the primary energy-
mix of that country. For Indonesia, the DoPED indicator from 1995 to 2005 tended to 
improve. This can be happened as the share of oil has started to decline, which is replaced 
primarily by coal and followed by geothermal energy. From the energy security perspective, 
the improvement on primary energy-mix will increase the security level of the country in 
term of energy availability. However, some remarks should be given to this indicator. First, 
this indicator only measures the diversification of energy-mix, not the energy resources, i.e., 
this indicator can not differentiate if the energy resource is a depleted or a renewable 
resource. Although the energy-mix is improved in Indonesia, the role of fossil energy is still 
significant. Increase in coal share and decrease in oil share will not change the share of fossil 
fuels in the national energy-mix. Second, this indicator only shows the existing resources but 
excludes the other potential energy resources. For example, as tropical country, Indonesia has 
abundant potential sun ray that can be converted into electricity generation or as a country 
resides in the volcanic rim the geothermal energy potential is big. However, since they have 
not been record formally or only small part of the potencies are used then their role in 
national energy-mix is negligible, while at the same time the diversification indicator show a 
secure condition. This DoPED indicator also fails to address the resources of primary energy. 
Highest value on this indicator can misled if the energy resources are limited domestically or 
heavily dependent on foreign import. Besides all of the limitations, this indicator show that 
the Indonesian diversification of primary energy demands gives the positive influence on 
ESSD. 
 
If DoPD measures the energy-mix diversification at macro level, then DoPG measure energy-
mix diversification at electricity generation level. Basically, both indicators measure the same 
thing on energy diversification. In Indonesia, DoPG index has moved to lower level due to 
increase in oil fuel uses during the period of 2001-2005. The increase in oil consumption in 
power generation, especially by PLN, is because of decreasing supply of gas to the existing 
gas-based power plants. In general, the power generation in Indonesia is still depended on 
fossil fuel, and only 800 MW of installed capacity is geothermal plants. However, the energy-
mix in power generation is affected by the technology used and the load pattern of the 
system. In Indonesia, most of the base-load power plants are coal-fired plant, while for peak –
load are oil- or gas-based power plants. The load factor of the electricity system can also 
effect the energy-mix of power generation, The less of the difference between peak- and 
base-load, i.e., high load factor, then role of peak-loader is much less, while the base-loader 
will increase. The energy-mix of power generation is also function of resource availability. In 
more remote or isolated area, generation from oil fuels is more feasible since oil fuels can be 
transported easily compared to other fuels. DoPG index that move to lower level indicate that 
diversification at electricity sector give the negative influence on ESSD as a whole.  
 
Study on the energy dependency is done through the indicators of Net Oil Import 
Dependency (NOID) and Middle East Oil Import Dependency (MEOID). If we measures 
NOID only for the imported crude oil, then Indonesia is still secure from a point of view of 
this indicator. Currently, Indonesia is imported its crude oil 30% of the total crude 
consumption and this has existed for the last almost 10 year. The constant number reflects 
that no increase in refinery capacity in this country, i.e., at the level of 1 million barrel per 
day. However, if we include the total import of oil products then the picture will be different 
significantly. If we include imported fuel products, then Indonesia has becoming net-oil 



importing country, so the NOID index will be relatively low compared if we exclude 
imported oil products. This indicator can also give some senses on how insecure Indonesia 
dependency on total oil import under high volatile oil market. Base on these evident, NOID 
have negative impact on ESSD as a whole. 
 
For dependency on Middle East import, Indonesia still has already diversified its crude 
import both from Middle East and Asia region. However, in the future the crude oil import 
from Middle East is expected to increase as this region is where most of world oil reserves 
exist. (data?) 
 
The physical supply disruption in energy services can be seen from the indicators of System 
Average Interruption Duration Index (SAIDI), System Average Interruption Frequency Index 
(SAIFI), kerosene shortage, electricity supply crises, coal supply disruption, and gas and 
electricity supply. The SAIDI and SAIFI for the overall electricity system in Indonesia tend 
to decrease, which means improvement in generation and transmission reliability so its give 
positive influence on ESSD. However, due to limited generating and 
transmission/distribution capacity expansion, both indexes can be getting worse in the future 
if these infrastructures can not catch up with the high electricity demand growth. There are 
also some disparities between SAIDI and SAIFI in Java and outer Java regions. SAIDI and 
SAIFI in Java are much relatively lower than in other regions. This is due to the fact that in 
Java the electricity infrastructure is more developed compare to those regions. 
 
The occurrences of kerosene shortage in some regions in Indonesia, in some parts, are due to 
the government policy to reduce fuel subsidy. For the households, the GOI tries to reduce 
subsidy on kerosene by introducing alternative fuels, noticeably LPG. However, the kerosene 
quota reduction has not been followed with adequate LPG tank distribution and the 
socialization of using this fuel has not been carried properly. As a result, kerosene already 
scarce in the market and the switching program has been far from success. Kerosene scarcity 
for household uses was suspected also as the results from price disparity with kerosene for 
the industry, where some of household subsidized kerosene was used by the industry. We 
conclude that physical supply disruption, either in electricity or oil fuels and other energy 
services in Indonesia, has negative impacts on the ESSD. 
The energy use pattern is viewed from the indicator of reserve to production ratio (R/P) and 
the productivity of final energy consumption. The R/P ratio for oil and natural gas in 
Indonesia during the period of 1995-2005 were relatively constant due to decreasing 
production and shortage in discovery on new reserves. Coal reserve is still promising where 
with current production rate it will last for more than 100 years. However, increase in 
domestic consumption and attractiveness of export market will increase the production rate, 
and if not followed by increasing in coal reserves, then its production life will decrease. From 
the perspective energy security, low R/P ratio for oil and gas, and attractive export market for 
coal could create energy insecurity if the economy will depend on domestic primary energy 
supply. 
 
From the final energy consumption productivity, the energy intensity per GDP in Indonesia 
was generally increased during 1995-2005. Before the economic crises in 1998, the energy 
intensity was relatively lower than after the crises. During the recovery periods, the energy 
intensity was increased significantly as the GDP growth was relatively low but the energy 
consumption growth rate was high. However, the energy intensity growth rates were slowed 
down during 2000 – 2003. This was caused by constant energy price adjustments during 
those periods. Prior to the presidential election in 2004, this policy was abandoned for 



political reasons. As a result, the intensity started to increase up to 2005 when in an attempt 
to reduce fuel subsidy burden the government in that year increased the fuel price in average 
120%, where kerosene had the biggest increase. The consumption productivity can also be 
seen from the energy consumption elasticity to the GDP. During the period of 1995 – 2005, 
the energy consumption elasticity was 1.49, which means the energy consumption growth 
rate is exceeded GDP growth. In the latest National Energy Policy, the target of energy 
elasticity will be lower than 1 in 2025. From that evident can be inferred that final energy 
consumption productivity give negative influence on ESSD as a whole. 
 
Availability-Environment 
 
In this study, Non Carbon-Base Fuel Portfolio (NCFP) used to show the degree of GOI 
intention to make and implement policy that friendly to environment. During 1995-1996 
NCFP relatively constant at 4 %, then NCFP reach the lowest level at approximately 3.5 % in 
1997 this can be happened as the decrease of hydro power consumption in this year because 
of climate factors. During 1998-2005 NCFP tend continuously to improve, the improvement 
of NCFP show that the policy that friendly to environment has positive influence on ESSD. 
The unavailability of certain fuel due to supply disruption can potentially have negative 
impact on environment. The unavailability of gas supply to power plant make electricity 
sector to shift gas to oil fuels which is will give more negative impact on environment. The 
unavailability of kerosene make rural household to shift their energy consumption to biomass 
which have more negative impact on environment because of CO2 emission and potentially 
forest degradation. From these evident,  
 
 
 
 
Accessibility 
Accessibility is one of the element of the energy security, how the access of energy utilization 
to meet the demand. This section will explore the social, economic and environment 
dimension of accessibility. Table 3 Summarize the influence of each issue and indicators of 
accessibility on ESSD as a whole. Accessibility in perspective of social dimension can be 
seen from the indicator of energy access, in this study, we use household electricity access. 
Economic dimension of accessibility is seen from infrastructure and transportation mode of 
the energy. Environment dimension see the disturbance of accessibility that cause by the 
change of the environment or natural disaster that caused by human activities.  

 
Table 3.  Accessibility of Energy 

 

Dimension Issue Indicators Influence 
on ESSD 

Social  Household Access Electrification Ratio to Population 
Growth*  

Bottle neck at Infrastructure  
Economic Infrastructure & 

Transportation Transportation mode dependency  
Environment Supply Disruption Impact of  natural and man-made disaster  
*) base on historical study 
 
Accessibility-Social 



The fact that electricity access can create multiplier effects to the economy shows the 
importance of studying this commodity. The indicator to measure electricity accessibility is 
electrification ratio. The electrification ratios in Indonesia during the period of 1995-2005 
have increased although its growth rate still below the population growth rate. A crisis 
growth of electrification ratio is slowing down with average growth per year (1999-2005) 
below 1%, on the other side, growth of population on the same period is 1.2%. In 2005, the 
electrification ratio in Indonesia was around 54%, where in Java this ratio was 58% and the 
outer regions was 48%, where Papua and East Nusa Tenggara had the lowest electrification 
ratio. Observing theses phenomena, we can say that electrification ratio to population growth 
give negative contribution to ESSD. 
 
Accessibility-Economy 
The correlation between accessibility and economy can be viewed form the infrastructure and 
transportation availability. The existence of bottle neck in the infrastructure can obstruct the 
energy supply from the production regions to the demand regions. For example, the railroad 
capacity in South Sumatra used to transport the coal from this region to the West Java regions 
where some of big coal-fired power plants exist. The coal demand in West Java increases as 
the capacity expands for the new coal-fired power plants. However, since the railroad 
capacity in South Sumatra does not increase, then these power plants very sensitive to supply 
disruption. The dependency on single mode of transportation is not only for coal. The oil fuel 
distribution in Java, for example, is very depended on railways and road transportation, while 
in the other regions is depended on sea, water, and even air transportation. 
 
Accessibility-Environment 
Natural disaster can also affect the physical energy availability, especially if combines with 
accessibility dimension. The explosion of Pertamina’s gas pipeline located in the surrounding 
area near the mud flooding from gas field, owned by Lapindo Brantas, Inc.,  has shutdown, at 
least partially, several industries in East Java. This was because this pipeline supplies the 25 
biggest industries in this area, including petrochemical industry and PLN. When the 
Pertamina shut downed the pipeline completely, the fertilizer production in Gresik 
Petrochemical Industry had been shut downed also. This also affected two power plants 
owned by PLN that supply the electricity in East Java. 
 
Affordability 

 
Table 4.  Affordability of Energy 

 

Dimension Issue Indicators Influence 
on ESSD 

Social  Energy Price Share of energy consumption for 
income groups  

Electricity price (cost vs. revenue)*  
Oil Fuel Price: MOPS*  
Coal Price (domestic vs. export)*  

Energy Price 

Gas Price : Industry vs. PLN  
Economic  

 Share of energy subsidy in the state 
budget*  

 
Affordability-Social 



The purchasing ability for getting energy services can be approached through the energy 
consumption spending share on the total income for each income category.  For low income 
households, the energy spending as portion of total income is relatively high compared to 
other income groups. This shows that increase in price will impact heavily on the low income 
households, or in the other word it will increase energy insecurity for this group. Although it 
has not included all of the income groups in Indonesia, but from this study it can be seen that 
increasing energy price will have some social dimensions. 
 
Affordability-Economy 
The affordability dimension of economic element of energy security can be viewed from the 
energy pricing issues. The adoption of uniform tariff in electricity sector, for example, has 
already created financial pressure to PLN because, while the generating fuels change 
dynamically, the tariff is set by the government and usually the generation cost is higher than 
the revenue. Other implication of uniform tariff is the reluctance of the investor to develop 
electricity infrastructure in the region that has high generation cost.  
 
The other example of energy pricing policy in Indonesia is on the fuel pricing. Currently, the 
oil fuels for non-commercial, including industrial, uses are subsidized by the government. 
This low price condition has created various inefficiencies in oil fuel uses. First, it has 
already given pressure to government budget, especially when world oil price increase and 
domestic oil production decrease. Second, price discrepancies between sector of the economy 
and even between regional countries promote fuel smuggling between household sector and 
industrial sector, and smuggling across border with neighboring countries. Finally, the 
subsidy policy is suspected to promote inefficiency in energy consumption and it has missed 
the intended group, where most of the subsidy is enjoyed by high income households.  
 
Problems on price discrepancy between domestics and international also happen in the coal 
market. Security of supply for domestic use can be harm, especially when the accelerating 
program commencing in 2009. Moreover, price discrepancies of gas between industry and 
PLN also create uncertainty of gas supply.5 Impact of coal and gas unavailability will give 
negative impact on the reliability electricity supply system. From consideration explained 
above, we can infer that for the pricing issues give negative impact to the ESSD condition in 
Indonesia. 
 
Other indicator for affordability-economy is share of energy subsidies in state expenditure. 
Government gives subsidy for selected petroleum fuels and also electricity. Total energy 
subsidy from 2000-2005 is increasing from 57.7 trillion rupiah to 93.3 trillion rupiah. If we 
see from share of energy subsidies in state expenditure in the same periods is decreasing, in 
2000, share of energy subsidies is 26.1% from state expenditure, and in 2005, share of energy 
subsidies is about 16.5%. From share of energy subsidies, we can infer that it give positive 
impact to ESSD condition in Indonesia.  
 

Affordability-Environment 
Choices of energy utilization and pattern will have implication to the environment. Currently, 
national energy mix is dominated by fossil fuel and by year 2025, National Energy Policy set 
                                                 
5 . As comparison, average gas price for power plant is about $ 2.47/MMBTU and for industry such as fertilizer 
industries is 2.89/MMBTU. Latest gas agreement, gas price for PJB is $ 3.75/MMBTU and PT Pupuk Kujang is 
about $ 3.9-4.1/MMBTU. Husky Oil Ltd, will supply gas for industries in East Java with average gas price $4.5-
5.5/MMBTU. (Kompas 8 Agustus 2007 “Harga Gas Makin Tinggi”) 



that share of coal increase until 33%. Indonesia as developing country chooses to use more 
coal to meet energy demand, due to its abundant resources and economically it’s cheaper than 
other sources. Moreover, the availability of clean technology for energy utilization is still few 
and will impact to higher initial cost in providing it. From the affordability and environmental 
approaches, that condition will risk to ESSD condition. 
 
 
Acceptability 
 

Table 5.  Acceptability of Energy and Governance in Energy Sector 
 

Dimension Issue Indicators Influence 
on ESSD 

Social 

The quality & 
quantity of 
energy services 
acceptable by 
the public. 

Response of  people to the government program 
of energy utilization  

Economic 

Benefit of the 
energy 
substitution 
program to the 
economy 

Net saving of government expenditure for 
subsidy   

GHG emission from power generation  GHG emission 
GHG from energy uses  

Environment Efforts to 
reduce global 
warming 

• Import of CFL 
• Biofuel development program  

Institutional arrangement  
Decision making process  Governance Legal 

framework 
Substantive issues  

 
Acceptability – Social, Economy 
One of social indicator in ESSD that can be used to measure acceptability of energy is the 
response of people to the government programs on energy utilization. The Government 
shifting program from kerosene to briquette in the late 2005, finally stopped by Minister of 
Women Empowerment because of the utilization of briquette have negative impact on 
healthy. As well as the shifting program from kerosene to LPG targeted for poor people, as 
the group that consume more kerosene, the implementation of this program has many 
problems. Such as, the lack of socialization and education of this program to the people 
sometimes cause the resistance of people, due to the difference adaptation and accepting 
capacity. As a result, there are many restless, afraid, and anxiousness of people, like recorded 
in some mass media since the beginning of this program was implemented. On the other 
hand, the LPG utilization replacing kerosene is cleaner and more efficient, although the initial 
cost spent is bigger. From economy perspective, this program is intended to reduce fuel 
subsidy burden on the state budget.  
 
The Government takes kerosene quota of 2005, which was 9.9 Billion Liters, as the target 
volume to be replaced by 5.7 Million Tons of LPG during 2007-2012. The Government 
intends to provide subsidy for initial investment on stove, bottle, and certain amount of LPG 
volume to fill the bottles. This is an effort to reduce cash flow burden and an incentive to 



attract kerosene consumers shifting their fuel decision. There are two scenarios, “optimistic” 
and “moderate” for kerosene substitution with LPG that had been debated. The Optimistic 
Scenario set a slow take up rate during the first couple of years and gains pace afterward; 
assuming necessary infrastructure and other preparations to handle larger LPG volume will 
still be under development during that period. It is more realistic and hence larger expected 
success in achieving the targets. In contrast, the Moderate Scenario set a higher take up rate 
right from the start, a more ambitious program.  It reflects Government endeavor to relieve 
the budget pressure as soon as possible. However, the ‘moderate’ label of this scenario 
indicates that expectation for success is not as high as on the other scenario. 
 

Figure 3. Scenarios for Kerosene substitution with LPG 
 

2007 2008 2009 2010 2011 2012
Additional LPG requirement Ton 567,767             833,567       1,146,567    3,952,293   5,310,259  5,687,550       
Kerosene reduction KL 988,279             1,450,943    1,995,764    6,879,534   9,243,271  9,900,000       
Subsidy saved Billion Rp 1,931                 2,836           3,900           13,445        18,064       19,347            
Subsidy need: bottle, stove, initial filling Billion Rp 1,188                 556              655              5,871          2,501         695                 
Net saving Billion Rp 743                    2,279           3,245           7,574          15,563       18,652            

2007 2008 2009 2010 2011 2012
Additional LPG requirement Ton 1,000,000          2,000,000    3,000,000    3,952,293   5,310,259  5,687,550       
Kerosene reduction KL 1,740,644          3,481,288    5,221,932    6,879,534   9,243,271  9,900,000       
Subsidy saved Billion Rp 3,402                 6,803           10,205         13,445        18,064       19,347            
Subsidy need: bottle, stove, initial filling Billion Rp 2,092                 2,092           2,092           1,993          2,501         695                 
Net saving Billion Rp 1,309                 4,711           8,113           11,452        15,563       18,652            

Optimistic Scenario

Moderate Scenario

 
Source: Pertamina, unpublished 
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Figure 4. Share of Fuel Subsidies in State Budget 
 
Acceptability - Environment 
The environmental concerns about utilizing energy resources, especially fossil fuels, relate to 
the GHG emission from burning coal, oil fuels and natural gas as they create global and local 
atmospheric abnormalities. The implications for energy choices affect the environment 
negatively, and acceptability would mean the ability to manage and control these adverse 
impacts. Based on CARMA, in 2000, CO2 emissions from power plant almost reach 60 
million tons. And this number increase along with increasing in energy consumption which is 



by 2007 CO2 emissions from power plant has reached 92.88 million tons. As well as 
electricity sector, energy consumption in the transportation sector has also produced CO2 
emission. It is about 54.4 million tons CO2 in 2000 and 67.7 million tons CO2 in 2005. In 
addition, the increasing of CO2 as a part of GHG emission will impact to global warming. 
Concerning, this fact, the increasing demand of energy included electricity can be a serious 
problem. There are some efforts that have been done by government in order to reduce global 
warming impact. For example, energy efficiency and demand side management program that 
is conducted by PT. PLN (Persero). One of the efforts to implement this program is by 
switching the appliances, incandescent lamp to CFL in the household. The need of CFL is 
fulfilled by import. The use of CFL is growing fast, which can be seen from increasing 
import of CFL that is 9,9 million unit of CFL in 2001 to more than 64 million unit in 2005. It 
indicates that the efficiency program can be accepted by people.   
 
 
Governance 
All of the energy security concepts and sustainable development dimensions can be 
incorporated in ESSD framework if they are supported by good governance dimension. There 
are many good governance elements, but in this study we focus on the institutional 
arrangement, decision making process, and substantive issues. From the institutional 
arrangement and based on the existing oil and gas law, the creation of BPMIGAS as 
supervisory body in upstream sector and BPHMIGAS as regulator in downstream sector of 
oil and gas has support the improvement of ESSD in Indonesia. However, the existences of 
overlapping jurisdiction, and unclear role and responsibility arrangement, both inside the 
sector and across other sectors, have hindered the effectiveness of these institutions. The 
enactment Law No. 30/2007 on energy is expected to integrate the energy management in 
Indonesia, both at macro and micro levels.  
 
Compared to the last decades, the decision making process is more open to public 
participation, although is still limited. This process is still dominated by political interest and 
ad-hoc oriented. During the decision making process there is no monitoring and evaluation 
process on how the decision makers accommodate the public inputs and reflects it into the 
proposed policies or regulations. On the substantive issues, the Indonesian energy sector is 
currently face uncertainties on where the reform will go and how to synchronize the 
regulation, both inside the sector and across other sectors. These uncertainties must be 
resolved soon as the investment in energy sector for the last 10 year tended to stagnant. 
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