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Abstract 

As ASEAN is now pursuing regional energy cooperation, it is important to measure the status of energy security performance of 
member nations. This paper assesses the security of energy supply among nine ASEAN member nations and examines whether 
and how it has evolved over the past decade. The analysis uses 35 indicators selected based on three dimensions of energy 
security: supply security, socio-economic and environmental dimension. The evaluation findings show how concept of energy 
security differs among ASEAN member nations. Despite uneven economic and energy development, existing intra-regional 
energy markets are interconnected. The concept of regional self-reliance could be useful in designing and promoting ASEAN 
energy security cooperation. 
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1. Introduction 

The concept of energy security has raised controversies over the definition, scope, and approaches for decades. 
For higher-developed countries, energy security refers to “a resilient energy system with uninterrupted availability of 
energy sources at an affordable price” [1]-[2]. On the other hand, lesser-developed counties define energy security 
simply as access to modern energy services [3]. Yet, one consensus on energy security is that it is vital to both state 
and human security.  
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The Association of Southeast Asian Nations (ASEAN) aims to enhance energy security and sustainability by 
promoting regional cooperation in the field of energy. The action plans consist of seven components including: 
ASEAN Power Grid, Trans-ASEAN Gas Pipeline, Coal and Clean Coal Technology, Renewable Energy, Energy 
Efficiency and Conservation, Regional Energy Policy and Planning, and Civilian Nuclear Energy. Regardless of the 
urge for cooperation, focusing on energy security assessment of ASEAN, the gap, however, exists, as there are a 
limited number of available comparative studies on energy statistics regarding supply security of ASEAN.  

This study evaluates energy security of nine ASEAN member nations (excluding Lao PDR) with regards to 
supply, socio-economic, and environmental dimensions. This paper composes of four sections. Following this 
introduction, Section two describes the methodology and indicators used to assess energy security. Section three 
presents the results and its analyses whereas Section four concludes the findings and remarks.  

2. Methodology 

Using an indicator-based assessment, this study aims to quantitatively measure the energy security of nine 
ASEAN member nations: Brunei Darussalam (hereafter referred to as Brunei), Cambodia, Indonesia, Malaysia, 
Myanmar, Philippines, Singapore, Thailand, and Vietnam. The study examines whether and how the performance of 
energy security of each ASEAN member nations has evolved over the past decade. 

Indicators of energy security were determined based on the three dimensions of energy security including supply 
security, socio-economic dimension, and environmental dimension. However, the study put an emphasis on security 
of energy supply, the physical availability of energy sources, which is the central dimension of energy security [4]. 
Threats to supply security range from reliance on imported to insufficiently diversified energy sources. Socio-
economic and environmental dimensions highlight energy efficiency from a macroeconomic perspective as well as 
carbon challenges. An indicator-based assessment allows wide range of issues to tackle since the selected indicators 
are not explicitly linked, and is thus able to identify wider vulnerability issues. 

2.1. Selecting energy security indicators 

The assessment was conducted by using 35 individual indicators adapted from earlier energy security studies [5]-
[7]. Selected indicators were identified and categorized to six components including (1) overall energy balance, (2) 
demand management, (3) security of domestic resources, (4) vulnerability to overseas resources, (5) diversification 
of energy supply, and (6) environmental sustainability.  

Under the overall energy balance component, ‘primary energy mix’ was selected to show the development and 
trend of ASEAN primary energy mixes. Primary energy sources referred to in this indicator includes coal, crude oil, 
natural gas, and renewables. In addition, ‘electricity generation by sources’ represents energy mix specifically on 
power sector. The sources are coal, hydroelectricity, natural gas, oil, and other renewables.  

The second component reflects energy accessibility and its efficiency. ‘Access to electricity’ shows whether 
modern energy is utilized while ‘total primary energy supply per capita,’ ‘final energy consumption per capita’ and 
‘electricity consumption per capita’ reflect the intensity of energy use among population. Energy efficiency of the 
economy was measured by ‘total primary energy supply intensity’ and ‘electricity intensity’ showing the amount of 
energy/electricity consumed to produce one unit of GDP. Since this indicator shows the energy efficiency of the 
economy. The lower the value of energy intensity implies the higher energy efficiency. 

As the third component heightens the security of domestic energy resources, ‘self-sufficiency’ indicator was used 
to assess the share of indigenous energy production in total supply of energy. Besides energy self-sufficiency rate, 
the indicator includes explicit sources namely coal, crude oil, and natural gas. Renewable energy was not included 
because of its indigenousness. Self-sufficiency rate shows the capacity of the country to cover its energy demand 
using domestic resources. Self-sufficiency rate ranges from 0 to 1. The higher the value is the better while the value 
over 1 implies export capability.  

‘Reserves-to-production’ ratio was chosen to represent the availability of domestic proven energy resources 
(particularly fossil fuels) of the country through the number of years resources are available presuming the 
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production is consistent. As a result of ASEAN reputed refining industry, ‘refining capacity’ was included, but 
assessed only countries with refined oil exports.  

For the fourth component, the reliance on overseas energy sources is major concern. ‘Energy import dependency’ 
shows the extent to which a country relies on imported fuels in order to meet the demands. In this study, energy 
products to test its import dependency include coal, crude oil, natural gas, and the total of all energy products. 
Import dependency rate reflects the reliance of the country on imported overseas resources. The rate usually ranges 
from 0 to 1. The higher the value implies the higher dependency and vulnerability of imported supply to the country. 

To reflect geographical vulnerability of overseas supply, ‘reliance on Middle East imports’ and ‘intra-regional 
energy imports’ indicators were selected. The indicators show the share of the imports from the Middle East 
(calculated for crude oil, natural gas, and refined oil) and from intra-ASEAN (calculated for coal, crude oil, natural 
gas, and refined oil) in total world imports. Equivalently to import dependency rate, the two area-specific reliance 
indicators also range from 0 to 1. The higher value signifies the more dependent to the import source. 

Diversification is the key to enhance energy security. The fifth component focuses on supply diversification and 
supplier (or market) diversification. The Shannon-Wiener Index (SWI) was chosen to measure the degree of primary 
energy supply diversification. SWI is often used to measure the diversity and evenness of the products or, in this 
case, energy sources. The index ranges from 0 to 2. A higher value of SWI refers to higher diversified energy 
sources, which implies more improved energy security while a lower value represents low diversification of energy 
sources and, thus, poorer energy security. However, it should be noted that SWI does not reflect the disparity 
dimension of diversification [8].  

Another diversity indicator selected to analyze market concentration was Herfindahl-Hirschman index (HHI). The 
indicator reflects the degree of concentration of import sources (partner country) in relation to total imports of an 
energy product. In this paper, energy products in HHI diversity assessment include coal, crude oil, natural gas, and 
refined oil. HHI value ranges from 0 to 1. On contrary to SWI, HHI below 0.15 reflects an unconcentrated market 
condition while the value over 0.25 indicates high market concentration. In particular cases, the value of 1 suggests 
the absolute market concentration where there is only one supplier contributing to the total imports. 

In the last component that focuses on environmental sustainability, ‘share of fossil fuel energy consumption’ was 
selected not only to highlight the use of fossil fuels in energy demand, but also to reflect the share of the renewables. 
‘CO2 intensity’ and ‘CO2 emission per capita’ were also included to capture the performance of the country in 
tackling carbon challenges. 

2.2. Data 

The analysis was based on data for the years 2000 to 2010. Primary energy data and statistics were retrieved from 
the International Energy Agency (IEA) while macroeconomic statistics were collected from the World Bank. Crude 
oil and oil-related statistics were gathered from the Organization of the Petroleum Exporting Countries (OPEC) 
annual statistical bulletin and BP statistical review of world energy. Commodity trade statistics were collected from 
statistical database of the United Nations Commodity Trade Statistics Database (UN Comtrade). Other country-
specific statistics were obtained from ministry of energy. The analysis results for certain indicators were presented 
using 2-digit country code: Brunei (BN), Cambodia (KH), Indonesia (ID), Malaysia (MY), Myanmar (MM), 
Philippines (PH), Thailand (TH), and Vietnam (VN). 

3. Results and analyses 

3.1. Overall energy balance 

The results from primary energy mix, as presented in Figure 1, show the diversity of energy use among nine 
ASEAN member nations. While Brunei and Singapore are highly crude oil and natural gas concentrated, Cambodia 
and Myanmar are more than two-third renewable energy concentrated. Although it does not show in the results, the 
renewable energy resources used in Cambodia and Myanmar are mostly traditional biomass.  
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For electricity generation, fossil fuels are the main resources in almost all countries except Myanmar where 
hydroelectricity accounts for 67% of the generation. While other countries rarely utilize oils in this sector, 
Cambodia is the only country in which 91% of its power generation is oil-based. 

Fig. 1. Primary energy mix. 

3.2. Demand-side management 

Referring to national energy development, electricity accessibility of Myanmar jumped from 13% in 2009 to 49% 
in 2010 while there is a slight increase in Cambodia and Indonesia. Thailand and Philippines are the two countries 
with decreasing value. One possible explanation is the result of increasing energy inequity as well as prices. Brunei, 
Malaysia, and Singapore are countries where almost all of the population have access to modern energy service, 
showing energy development gap when compared to energy-poor countries, particularly Cambodia and Myanmar. 

Table 1. Energy supply and consumption per capita. 
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TPES/capita (toe/capita) FEC/capita (toe/capita) Elec./capita (kWh/capita) 

2000-2005 2006-2010 2000-2005 2006-2010 2000-2005 2006-2010 
BN 6.66 8.43 1.74 4.11 8054 8537 
KH 0.28 0.29 0.24 0.24 48 114 
ID 0.76 0.82 0.59 0.62 434 572 
MY 2.18 2.54 1.36 1.56 2812 3508 
MM 0.30 0.31 0.24 0.25 79 105 
PH 0.48 0.43 0.29 0.25 546 597 
SG 5.60 5.54 3.11 4.11 7964 8310 
TH 1.31 1.58 0.94 1.15 1652 2066 
VN 0.43 0.59 0.37 0.49 422 832 

 
Table 1 shows the results from energy supply and consumption per capita assessment, which implies the outcome 

of energy efficiency policy and energy security from human-security perspective. Divided into two time frames, an 
increase in the value reflects growth and improvement in energy efficiency.  

Between 2006 and 2010, Brunei and Singapore have the highest energy supply per capita, with the average ratios 
of 8.43 and 5.54 toe/capita, compared to other ASEAN member nations. For Brunei, the high ratio is mainly caused 
by low energy prices. In addition, an obvious increase in Brunei’s final energy consumption per capita (FEC/capita) 
reflects its success of energy efficiency policy. Countries with remarkably low energy supply and consumption per 
capita are Cambodia, Myanmar, and Philippines. Even though the three countries are considered as least developed 
countries of ASEAN, minimal changes of the compared results based on two time periods reflect limited 
performance in their energy developments. On contrary, electricity consumption per capita of all countries have 
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increased signifying not only energy efficiency of power sector but also improved electricity development, 
especially for Cambodia, Myanmar, and Vietnam. Philippines, however, show small improvement possibly due to 
geographical conditions of the country that hinder fruitful development. 

Energy intensity highlights the efficient use of energy for monetary productivity by representing how much 
energy use spent for unit of GDP. While the higher value of energy supply and use per capita implies the higher 
efficiency, for energy intensity indicator, the lower the value of energy intensity means the higher energy efficiency. 
Country with the highest energy intensity is Myanmar followed by Vietnam and Indonesia. 

3.3. Domestic energy resources 

Self-sufficiency (SS) rate reflects the capability of the country to meet its own energy needs based on indigenous 
energy production. Starting with coal, Brunei, Cambodia, and Singapore have no domestic coal production while 
Indonesia and Vietnam are coal exporters. As a result, their coal SS are remarkably high since the production does 
not meet only domestic demands but also exports. As one of the major crude oil exporter in the region, Brunei has 
the highest crude oil SS rate of 19.53, followed by Vietnam (1.54) and Malaysia (1.50). Indonesia, former oil 
exporter, has inland crude oil resource available to 91% of energy use. Meanwhile, Cambodia and Singapore have 
no inland crude oil production so the SS rate is at zero. 

Referring to natural gas self-sufficiency, Myanmar holds the highest SS rate of 4.97, followed by Brunei (4.85), 
Indonesia (2.17), and Malaysia (1.68). Thailand’s domestic natural gas production only meets 75% of the demand 
while Cambodia and Singapore hold natural gas self-sufficiency rate at zero. However, it should be noted that 
Cambodia has not yet developed concrete plan in acquiring its own energy resources. The country currently utilizes 
traditional biomass and imports other needed energy supply, but it has potentially significant reserves of crude oil 
and natural gas, which could contribute to the improvement of its energy self-reliance. With regards to renewable 
energy, there is no overall energy self-sufficiency at the rate of absolute zero since renewables are indigenous. As 
mentioned, 74% of domestic energy production of Cambodia is from traditional biomass. Singapore’s 2% of inland 
energy supply is from non-renewable municipal waste. 

Fig. 2. Self-sufficiency rate. 

Figure 2 above shows self-sufficiency trend developed through time. Marked at SS value of 1, ASEAN member 
nations are divided into energy exporters: Brunei, Indonesia, Malaysia, Myanmar, and Vietnam; and energy 
importers: Cambodia, Philippines, Singapore, and Thailand. Countries with remarkably improved SS rate are 
Indonesia and Myanmar due mainly to increased domestic production from renewable energy (Indonesia) and 
natural gas (Myanmar). However, the higher SS rate does not always infer better security of domestic supply. 
Compared to Singapore’s, Cambodia SS rate is obviously higher. Yet, its energy consumption is based on traditional 
biomass that is, in fact, securely-indigenous, but the question is the accessibility. On one hand, the decrease in 
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energy self-sufficiency rate refers to lesser inland production or greater portion of the imports. On the other hand, it 
could imply the successful outcome of energy efficiency policy. 

Table 2. Reserves-to-Production ratio. 
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Reserves-to-Production Ratio (Years) 

Coal Crude oil Natural gas 
BN - 18.97 22.92 
KH NA NA NA 
ID 14.32 11.14 41.18 
MY 3.19 15.55 20.30 
MM 2.99 7.48 17.36 
PH 87.56 22.65 27.62 
SG - - - 
TH 67.64 2.75 6.88 
VN 3.58 34.52 65.63 

 
According to Table 2, Reserves-to-Production Ratio (RPR) shows noticeably high potential of coal resources 

from Philippines and Thailand, but the high result may stem from the fact that coal production of the two countries 
is very low. Vietnam, Philippines, Brunei, and Malaysia have many years of crude oil reserves to meet the 
production. From RPR rate, natural gas poses as promising energy resources for ASEAN since seven countries out 
of nine have significant natural gas resources. Considered from the share in primary energy mix, Thailand has begun 
to confront with domestic resource depletion, particularly on crude oil and natural gas while Singapore has 
continued to be net-energy importing country with no domestic resources. 

Indonesia, Singapore, and Thailand are considered as major refined oil exporters of ASEAN. According to 
refinery capacity as of the year 2010, Indonesia could manage the refinery at 1,139 thousand barrels per day while 
Singapore is capable of refining at 1,385 thousand barrels per day. Thailand has the refining capacity of 1,260 
thousand barrels per day. 

3.4. Overseas energy resources  

This part assesses the vulnerability of overseas energy resources based on the reliance on the imports and 
geographical dimension of import dependency. Here, two geographical locations were selected including the Middle 
East and intra-ASEAN. 

Fig. 3. Energy dependency rate. 
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Figure 3 presents the average value of energy import dependency from the year 2000-2010. Brunei has a small 
energy dependency rate (of 2%) since the country began to import crude oil in 2010. Cambodia is merely reliant on 
coal imports for power generation. Indonesia depends on 35% of crude oil imports due to its depleting crude oil 
resources while Malaysia relies heavily on coal imports accounting for 92% of coal demands. The country has also 
imported natural gas since 2003. For Philippines, more than half of energy supply is imported, especially coal and 
crude oil. Referring to RPR value, this contradiction reflects that Philippines may have difficulties acquiring and 
utilizing its own resources. Singapore has the highest energy import dependency rate with 100% of imports. 
(Singapore has been importing coal since 2002) Thailand is also, by half, dependent on imported supplies, 
particularly coal and crude oil. Vietnam has imported coal for power generation since 2005, but its moderate energy 
dependency rate is a result of electricity and refined oil imports. 

Focused on geographical conditions of import reliance, the following indicator shows the share of imports from 
the Middle East to the total world imports in the same energy products: crude oil, natural gas, and refined oil.  
Brunei was excluded in this category and the following because of its small import share. The majority of imports 
from the Middle East are crude oil. Almost 80% of Singapore crude oil import is from the Middle East. Similarly, 
73% of Philippines and 57% of Thailand crude oil import sources are OPEC Middle East countries. While 36% of 
Indonesia’s crude oil import is from the Middle East, 95% of its natural gas import relied on this region. 
Dependence on refined oil import from the Middle East is not as significant as crude oil or natural gas shares, except 
for Thailand. In addition, the country is, by 47%, reliant to refined oil imports. 

In addition to reliance on the Middle East import, this indicator shifts the focus onto intra-regional energy trade. 
The results show that intra-regional energy reliance is remarkable. Energy import sources for Cambodia are heavily 
concentrated on intra-regional trade. More than 94% of coal, natural gas, and refined oil are imported from fellow 
ASEAN member nations. Indonesia’s share of refined oil import from Southeast Asian region is more than 66%. 
More than 98% of Myanmar’s imported refined oil is intra-regional. Total coal import of Philippines is also within 
ASEAN. Intra-regional import reliance for Singapore is rather low, except for natural gas, which is because 
Singapore’s main import source region is the Middle East. Brunei is regarded to be the country least vulnerable to 
overseas energy resources because of its abundant crude oil and natural gas resources. On contrary, Singapore is net-
energy import country while Philippines, despite its resource potential, have to rely heavily on imports. The result 
from intra-regional energy dependency reflects energy interconnection among ASEAN member nations. 

3.5. Resource diversification  

Fig. 4. SWI Diversity of primary energy supply. 

The diversification of supply is considered as crucial measure in enhancing energy security. Figure 4 shows the 
degree of diversity in primary energy supply for the year 2000 to 2010. The lowest SWI value is Cambodia due to 
its PES that is highly biomass concentrated. The slight increase is a result of coal imports for electricity generation. 
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The second and third lowest are Singapore and Brunei according to crude oil and natural gas dominance in PES. 
Unlike Myanmar, Vietnam SWI value has remarkably increased (from 0.77 in 2000 to 1.32 in 2010) as the country 
included more supply options to the mix. Although 1.32 is still considered low diversity, it is a great progress for the 
security of supply. Indonesia is the country with highest SWI for PES diversity caused by significant share of 
renewables in PES. The median SWI of nine ASEAN member nations for the year 2010 is 1.22, which has 
considerably increased comparing to 0.77 in 2000. Individually, SWI in most countries are increasing because 
supply diversification has been adopted as energy security strategy to decrease supply insecurity caused by over-
reliance on specific energy source. 

While SWI focuses on energy supply diversification, this HHI diversity indicator emphasizes on market 
concentration based on import source countries. According to the results, Myanmar energy market is highly 
concentrated. In fact, the value of 1 suggests that there is no other trade partner available. However, it is possible 
that as Myanmar is new to external market and its economic development is still evolving. Even distribution and 
diversification of energy import suppliers is essential in reducing the vulnerability of this circumstance. Cambodia 
also has the similar issue in term of crude oil market concentration. Similarly, Philippines coal market concentration 
is too concentrated on one trading partner for instance 97% of Philippines coal import source country is Indonesia. 
Countries with the best HHI diversity indicator that reflects unconcentrated market condition are Singapore’s 
refined oil sector (0.07), followed by Thailand from the same category (0.12). Malaysia’s crude oil and Philippines’ 
natural gas HHI value of 0.13 also represent diversified import source countries. The rationale for improving market 
concentration is to lessen vulnerability regarding possible supply disruption or other political dispute that may lead 
to energy insecurity.  

3.6. Environmental sustainability 

This component focuses on environmental dimension of energy security. The majority of ASEAN member 
nations are exploiting fossil fuels. Brunei energy use is solely fossil-fuel based. Singapore and Malaysia are also 
highly concentrated with fossil fuels. Cambodia and Myanmar have, however, least share of non-renewable energy 
consumption of the system since both countries are not fully accessible to modern energy services. The share from 
tradition renewable resources is thus high. Another country to highlight here is Indonesia because of its somewhat 
low share of fossil fuel consumption despite the fact that it is former OPEC member country.  

For CO2 emission per capita and CO2 intensity, Brunei has the highest CO2 emission per capita of ASEAN. 
CO2 emissions of Brunei sharply rose in 2007 when the country increased crude oil and natural gas production. The 
overall trends of CO2 emission per capita among ASEAN member nations have gradually increased, except for 
Singapore and Philippines. The decrease reflects the success of Singapore’s climate change mitigation and CO2 
emission policies. The top three of CO2 intensity are Brunei, Malaysia, and Singapore whereas country with the 
least CO2 intensity is Myanmar due to high share of natural gas in the PES mix. Drastic fall of CO2 intensity, 
particularly Brunei and Vietnam in 2006 was partly caused by the economic crisis. 

4. Discussions and conclusion 

The assessment of ASEAN energy security using indicator-cased analysis has been presented. The evaluation 
used 35 individual indicators to quantitatively measure six aspects of energy security: overall energy balance, 
demand-side management, domestic energy resources, overseas energy resources, diversification of energy supply, 
and environmental sustainability.  

Based on the analysis, the overall energy security performance of ASEAN can be described as follows: (1) 
security of supply aspect: ASEAN has a diversified energy mix. There are both energy-exporting countries and 
energy-importing countries. While some ASEAN member nations have abundant fossil-fuel resources, others relied 
heavily from imports. Referring to energy import dependency, intra-regional energy markets would also contribute 
to other dimension of energy security balance, e.g. by lessening vulnerability from transport risks and chokepoint 
shares. Self-reliance within the region could be thus considered as a way to improve energy security of a nation and, 
of course, as a region. Still, proven reserves of ASEAN do not guarantee promising future just yet due to the 
shortcoming of crude oil and natural gas depletion. (2) Socio-economic aspect: the gap of economic development 
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between lesser-developed and higher-developed countries in terms of energy development exists. (3) Environmental 
aspect: the overall CO2 emission intensity of ASEAN is noticeably high. Those with lower emission are countries 
that have yet to achieve full coverage of modern energy system. The difference could hinder further cooperation on 
climate change and CO2 emission because of the differences in national energy policy goals and objectives.   

Results presented in this paper are selected results, based on ongoing research of ASEAN energy security 
cooperation. By quantifying ASEAN energy cooperation framework using energy indicators, this study is a 
steppingstone for further investigation. The future work would seek to include in-depth analysis of each ASEAN 
countries, other important dimensions of energy security such as transportation risk assessment, resilience and 
reliability of energy system, and discussions on domestic energy policy frameworks, which would also contribute to 
comparative analysis.  
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