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ABSTRACT
We calculate primary energy intensity (PEI), the carbon dioxide intensity of the primary
energy mix (CIX), energy self-sufficiency (ESS), affordability of electricity (EOL), and
primary energy diversification (DIV) from 2010 to 2035 for individual economies and for
the Asia and Pacific region as a whole under business-as-usual and alternative scenarios.
The PEI will decrease in most economies usually by more than 20% while the CIX will
increase. The ESS will decrease except in Japan because of renewables while the DIV
will increase slightly. By 2035, energy will be much more affordable in Asia because of
strong economic growth. The EOL will be four times that of Europe and North America
and twice that of Latin America. As regional aggregates, the PEI will decrease except in
the Pacific, but the CIX will generally increase. The ESS will decrease substantially from
100% in 2009 to 59.8% in 2035; the DIV will remain at 2010 levels. Central Asia offers
the best benefits for regional integration. Regionally integrating the power grid would
make the system more manageable for larger shares of renewables and would alleviate
the cost of importing fuel for economies without indigenous resources and for those
whose fossil fuel reserves will be depleted by 2035.
Keywords: energy security, energy sustainability, energy affordability, the Asia and Pacific
JEL: Q40, Q50, Q56
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I. INTRODUCTION
Energy security is a multifaceted concept that is often used as an umbrella term encompassing the
interconnected aspects of an energy policy. Sovacool (2012) defines it as, “…equitably providing available,
affordable, reliable, efficient, environmentally benign, proactively governed, and socially acceptable
energy services to end users” and further defines four “interconnected criteria or dimensions”: availability,
affordability, efficiency, and stewardship. Vivoda (2010) proposes an energy security assessment
instrument comprising 11 dimensions and 44 attributes. In consultation with dozens of experts in Asia
and elsewhere, Sovacool (2011) has identified 20 dimensions. Scheepers et al. (2006) note the need to
develop security supply standards for the European Union and its members and suggest a model that
includes two quantitative indicators—the supply/demand index and the crisis capability index—and
some qualitative considerations. Supply/demand includes final energy demand, production, transport,
and primary energy supply. Crisis capability combines the risk of supply interruptions with the capability
to overcome them. In both cases, the indexes are quantitative, but they combine objective information
(such as energy balances or checklists) with subjective information (weighing factors, scoring rules).
They can be combined via simple addition (whether weighted or not) into a single security of supply
index.
In this paper, energy security means self-sufficiency and diversification, energy sustainability
means energy efficiency and low carbon emissions, and energy (electricity) affordability is measured
as the ratio of the cost of electricity to per capita income. Security thus corresponds with Sovacool’s
availability, and sustainability combines his dimensions of efficiency and stewardship (protecting the
natural environment, communities, and future generations).This definition of security may be regarded
as narrow as diversification is used as a proxy for resilience or resistance to shocks, but it is purely for the
purpose of quantification; wider definitions are also justified.
We calculate energy security, sustainability, and affordability from 2010 to 2035 for Asian
Development Bank’s (ADB) Asia and Pacific members using projections from the ADB (2013) businessas-usual (BAU) scenario for five indicators: primary energy intensity (PEI), carbon dioxide (CO2)
intensity of the primary energy mix (CIX), energy self-sufficiency (ESS), the affordability of electricity
(EOL), and primary energy diversification (DIV). These indicators have a number of key properties:
•
•
•
•
•

They are quantitative because qualitative information is usually not objective, increases
uncertainty, and may sacrifice credibility.
They are simple because it is easier to understand a simple indicator than to trust a complex one.
They are equally applicable to economies for which a wealth of public data on their energy
sectors (past, present, or future) exists and to those for which owing to their size or other
circumstances public data are scarce.
They allow for comparisons among economies and over time.
They are easy to aggregate regionally to show the effects of integration.

The calculations for the indicators are in Section II.
We then assess the potential benefits of integrating the energy systems regionally and compare
the indicators for the Asia and Pacific with those for Africa, Europe, Latin America, the Middle East,
North America, and the Russian Federation. Our final analysis compares the BAU scenario, the Asian
Century scenario (ACS)1–BAU scenario, and the Asian Century/alternative scenario in 2035. We offer
conclusions and policy recommendations at the end of the paper.

1

Kohli, Sharma, and Sood (2011).
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II. INDICATORS

A. Primary Energy Intensity

The PEI in year t (PEIt) is the primary energy demand (PED) in year t (PEDt ) divided by the gross domestic
product (GDP):
PEIt [toe/$1000] = PEDt /GDPt
where toe is tons of oil equivalent. Projections for PED and GDP from 2010 to 2035 are from ADB (2013).
B. Carbon Dioxide Intensity of the Primary Energy Mix
The CIX is a measure of the environmental impact of the energy sector and is calculated as the CO2
emissions from fossil fuels (CO2t) divided by PED (PEDt ):
CIXt [tCO2 /toe] = CO2t / PEDt
where tCO2 is tons of CO2. Projections for CO2 emissions and PED from 2010 to 2035 are from ADB
(2013). Note that the CO2 emission intensity of an economy (CEI) can be calculated as the product of
PEIt and CIXt :
CEIt [tCO2 /$1000] = PEIt*CIXt
C. Energy Self-Sufficiency
The ESS indicator (ESSt ) gauges the energy independence of a country or region. A value of 1 means
it can meet all of its PED with indigenous resources while a 0 indicates complete reliance on energy
imports. The index takes into account that the infrastructure to produce and transport energy takes
many years to plan and develop.
The index is calculated as follows:

∑

where
•
•
•
•
•
•
•

=1

∑

1<
{

=

=0

is the share of renewable energy sources r (hydro, wind, and solar) in primary energy
consumption in year t;
is the share of conventional fuel f (coal, oil, gas, and nuclear) in primary energy consumption
in year t;
is the number of renewable resources, and N is the number of conventional ones;
are the national reserves of fuel f in year t;
is the primary energy consumption of fuel f in year t;
is a security factor that depends on the reserves to consumption ratio for fuel f in year t
(see below);
is the typical timescale (in years) required to change the energy consumption structure of an
economy.
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The factor
compares the reserves for fuel f with annual consumption; if reserves will last longer than
T years, their contribution to security is 1; between T years and 1 year, the factor
is employed to
decrease the contribution to 0 if reserves will last less than 1 year. The timescale T is taken as 10 years.
The national reserves of fuel f in year t,

where

, are calculated as

are the national reserves of fuel f in the base year 2010.

Reserves decrease using the consumption rate, not the production rate, and do not account
for exports. There are several reasons for this. From a practical standpoint, exports are impossible to
forecast accurately, and estimating export levels is feasible but controversial, particularly in the long
term. From a conceptual viewpoint, exports offer some compensation in exchange for the future loss of
self-sufficiency.

,
Projections for the share of renewable and conventional fuel sources (
) and the primary
energy consumption of fuel f in year t were obtained from ADB (2013). National reserves in the base year
2010 are from the United States Energy Information Administration EIA (2013).
D. Primary Energy Diversification
The DIV (DIVt ) indicator measures the degree of diversification of energy sources. When all primary
energy is from one source the DIV is 0; when energy comes equally from all primary sources considered
(coal, oil, gas, nuclear, hydro, and others2) it is 1. It is calculated as

ln

ln

where
•
is the share of energy source y in primary energy consumption in year t.
• N is the number of energy sources considered (coal, oil, gas, nuclear, hydro, and others)
The same equation is used to calculate power (electricity) sector diversification.
Projections for the share of energy source y were calculated from ADB (2013).
E. Affordability of Electricity
The affordability indicator for electricity is the fraction of per capita GDP that a household must spend
to buy a fixed amount of electricity (e.g., 1,000 kilowatt-hours per capita per year). Actual electricity
consumption is not constant across economies but is highly correlated with GDP per capita. This is partly
indicative of an affordability constraint: consumers buy the electricity or the equipment to use it that
they can afford. This constraint is relaxed by using a constant amount of electricity across economies to
obtain a metric that renders a fair comparison of affordability.

2

This is the “others” category in ADB which encompasses renewables.
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The cost of electricity is assessed using either tariffs for households or the (estimated) levelized
electricity cost (LEC). The indicator for the affordability of electricity based on tariffs (EOT) is defined
as:
EOT [%] = Cost of 1,000 kilowatt-hours (kWh) at household prices/GDP per capita
where the household tariffs are those prevailing for electricity consumption under 100 kWh/month.
These tariffs were collected from several sources (Fueyo, Gomez, and Dopazo 2013).
Because tariffs cannot be forecast, the EOT indicator cannot be used for the future. The
expected electricity outlay based on LEC (EOL) is therefore calculated as:
EOLt [%] = 1,000 kilowatt-hours * LECt /GDP per capitat
where LECt is the levelized electricity cost [2010 $/kWh] for an economy (or region) in year t.
The LEC is calculated using the following equation:

where:
•
•
•
•
•
•
•

8760

+

+

0036

is the share of technology i (coal, oil, natural gas, nuclear, hydro, and renewables) in the total
electricity generation of an economy/region.
(
)
is the amortization factor of technology i, defined by
where r is the interest
rate and Ni is the lifetime of the technology [years].
is the capital or investment cost for technology i [2010 $/kilowatt]
is the capacity factor of technology i.
is the operation and maintenance cost of technology i [2010 $/kWh].
is the fuel price for technology i [2010 $/gigajoule]. National fuel prices are used until the
national fuel reserves for technology i are depleted, then international fuel prices are used.
is the efficiency of technology i.

The GDP per capita for each economy in 2012 is from the International Monetary Fund (IMF
2013). For 2035, GDP is calculated as

|

|

(

)

where GDP per capita growth (%) is the annual average per capita growth from 2012 to 2035 reported
in ADB 2013. For regions, the GDP per capita is calculated by aggregating national GDPs and dividing by
the regionally aggregated population.
The data for each technology i (investment costs, capacity factors, operation, and maintenance
costs) and on the trends in fuel prices (coal, oil, natural gas) are from several well-established references.
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III. INDEXES FROM 2010 TO 2035
We computed the indicators from 2010 to 2035 for ADB Asian members using the projections for
macroeconomic and energy parameters from the ADB’s (2013) business-as-usual (BAU) scenario.
A. Energy Sustainability
The sustainability of a national energy system is measured using PEI which summarizes the energy
efficiency of the economy as a whole, and CO2 intensity of CIX which indicates the environmental
performance of the energy system. In general, the energy efficiency of an economy increases as it
develops, thus the PEI in most will decrease usually by more than 20% from 2010 to 2035 (Figures
1, 2, and 3). Those with the highest intensities in 2010 (Figure 1) will experience the most dramatic
improvements, e.g., Bhutan, the People’s Republic of China (PRC) Myanmar, Turkmenistan, and
Uzbekistan. Noteworthy exceptions to this are the Kyrgyz Republic and Mongolia (Figure 3).
Remarkably, the CIX will increase in most economies from 2010 to 2035 (Figures 4, 5, and 6) as
the environmental performance of their energy systems deteriorates. In less-developed countries, fossil
fuels will increasingly displace traditional, carbon-neutral fuels such as biomass and agricultural residues
which offers certain advantages (dependability and better indoor environments) but increases net CO2
emissions. The CIX decreases moderately in the developed group (Australia, Japan, and New Zealand)
from 2010 to 2035 (Figure 6). The Republic of Korea has the largest reduction at 20% due to greater use
of CO2-free sources such as nuclear and renewables, but it is nevertheless small; the main contribution
to the overall reduction in CO2 emissions comes from improvements in PEI.
Trends in both indicators are graphed in Figure 7; the named end of each curve indicates the
likely position in 2035 while the opposite end marks the situation in 2010. Economies moving toward
the lower left-hand corner of the graph exhibit the sought-after behavior of decreasing both their PEI
and CIX, but the trajectories in Figure 7 reflect a large decrease in PEI and a significant increase or only
a moderate decrease in CIX. For example, Uzbekistan will substantially improve its energy efficiency by
decreasing its PEI from 2.3 tons of oil equivalent (toe)/$ million in 2010 to about 0.6 toe/$ million in
2035; however, the curve is nearly vertical, indicating little change in the CIX. In Bangladesh, on the other
hand, energy intensity decreases slightly while the CIX increases substantially.

6
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Figure 1: Primary Energy Intensity in 2010
(toe/$1,000)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 2: Primary Energy Intensity in 2035
(toe/$1,000)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 3: Change in Primary Energy Intensity, 2010–2035
(%)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 4: Carbon Dioxide Intensity of the Primary Energy Mix in 2010
(tons of CO2 emissions/toe)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 5: Carbon Dioxide Intensity of the Primary Energy Mix in 2035
(tons of CO2 emissions/toe)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 6: Change in Carbon Dioxide Intensity of the Primary Energy Mix, 2010–2035
(%)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 7: Primary Energy Intensity versus Carbon Dioxide Intensity of the Primary Energy Mix, 2010–2035

Central Asia

Developed group
million

million
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South Asia
million

million

Southeast Asia

tCO2/toe

The Pacific

tCO2/toe

million

million
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Lao PDR = Lao People’s Democratic Republic, tCO2 = ton of carbon dioxide, toe = ton of oil equivalent.
Source: Authors’ calculations with data from ADB (2013).
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B. Energy Security
ESS will notably decrease in Central Asia in the BAU scenario (Figure 8). In 2010, the indicators in almost
all members were greater than 0.7 (Figure 9) but will be less than 0.5 in 2035 for the majority (Figure 10).
This means that in 2035, domestic resources will meet less than 50% of annual energy needs (based on
2010 fuel reserves and not accounting for exports). Especially relevant is energy security in Uzbekistan
which will deteriorate because of the depletion of its gas reserves.
In contrast, the DIV is maintained at the 2010 levels in most economies (Figures 11 and 12). A
DIV value less than 0.5 is a low level of diversification with the share of a single fuel resource in the PED
greater than 70%. Central Asia will not significantly change the structure of its energy systems. The low
level of diversification in the power sector there should be noted, particularly in the case of the former
Soviet Union.
In the developed group (Australia, Japan, and New Zealand) the ESS will decrease except in
Japan where the larger contribution of renewable energy (mainly wind and solar) will improve selfsufficiency. The DIV has high values in 2010 and will change only slightly from 2010 to 2035 (Figure 8).
In East Asia, the ESS will decrease substantially in the PRC (Figure 8). In Hong Kong, China; the
Republic of Korea; Mongolia; and Taipei,China, the ESS shows little change from 2010 to 2035. Except
in the PRC and Mongolia, the ESS has very low values indicating a significant dependence on energy
imports. The DIV shows little change except in the PRC where it increases due to greater contributions
from gas, nuclear, and renewables (wind and solar).
Pacific countries will generally follow the trends observed in Asia; the ESS will decrease while the
DIV will increase slightly. Timor-Leste has very low ESS and DIV values since its energy system is based
mainly on oil imports. In other Pacific islands, the ESS will increase slightly because of increases in the
share of renewables in PED.
In Southeast Asia, the ESS will decrease substantially from 2010 to 2035. The PED will increase
fivefold with coal, oil, and natural gas growing the most. While using these fuels will improve the DIV in
some, it will be at the expense of ESS.
In South Asia, the ESS in Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal, Pakistan,
and Sri Lanka will decrease, though in Bhutan and Nepal, it will remain almost unchanged since hydro
and biomass waste will still be the main contributors to their energy systems in 2035. Although coal
reserves in India and Pakistan will still be substantial in 2035, the depletion of oil and natural gas reserves
(especially in Pakistan) will cause a decrease in the ESS. In Bangladesh, the ESS will deteriorate because
of the progressive reduction of coal and natural gas reserves and the decrease in the share of traditional
fuels (biofuel and biomass waste) in PED in favor of greater consumption of gas and oil. Afghanistan and
Sri Lanka show a similar trend with traditional fuels replaced by oil and coal (67% in 2010 to 17% in 2035
in Afghanistan and 51% to 31% in Sri Lanka). The energy system in Maldives is based exclusively on oil;
this is the reason for its low ESS and DIV values.
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Figure 8: Energy Self-Sufficiency versus Primary Energy Diversification, 2010–2035
(named end = 2035)

Central Asia

Developed group

East Asia

South Asia

Southeast Asia

The Pacific

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 9: Energy Self-Sufficiency in 2010

0 = completely dependent on imports , 1 = self-sufficient.
Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 10: Energy Self-Sufficiency in 2035

0 = completely dependent on imports, 1 = self-sufficient.
Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 11: Primary Energy Diversification in 2010

0 = all primary energy is from one source, 1 = energy comes equally from all primary sources considered.
Lao PDR=Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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Figure 12: Primary Energy Diversification in 2035

0 = all primary energy is from one source, 1 = energy comes equally from all primary sources considered.
Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013).
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C. Affordability
EOL for households is estimated as the expected electricity outlay, i.e., the fraction of per capita GDP
spent to buy a certain amount of electricity. This is computed based on EOT and based on LEC. The
former can be used only for the present or for the past while the latter can be calculated for the past,
present, or future since it uses the structure of the power sector and fuel costs.
Figure 13 demonstrates that affordability is directly related to economic development; in general,
it will improve, as development improves (Figures 14–18). Some factors can decrease affordability,
notably introducing new and more expensive power generation technologies, a rise in fuel prices, and
the depletion of local reserves requiring imports.
In Central Asia, Armenia, Azerbaijan, Georgia, and Kazakhstan will considerably improve
affordability (Figure 19) as they experience significant economic growth from 2010 to 2035 that will
decrease their EOL; however, their electricity systems are based on different resources. Armenia and
Georgia have negligible fossil-fuel reserves; power generation is based on hydro in Georgia and on a
combination of hydro and nuclear energy in Armenia. Azerbaijan and Kazakhstan base their power
generation on indigenous gas and coal, respectively. In the Kyrgyz Republic, Tajikistan, and Uzbekistan,
economic growth is not sufficient to substantially improve affordability.
In the developed group, affordability will remain nearly constant and even decrease slightly in
Australia (Figure 19). Japan will increase its share of renewables (wind and solar) in the power system
which translates into a higher overall LEC; however, this will be offset by economic growth and by a
reduction in fossil fuel imports. Australia and New Zealand will increase their shares of natural gas and
renewables in power generation which will result in a higher LEC in 2035, but economic growth will
reduce the impact on affordability. Australia, Japan, and New Zealand will have the highest share of
renewables (wind and solar) in the power sector in 2035 at 16.1%, 27.6%, and 27.4% respectively.
In East Asia, affordability will improve considerably everywhere but especially in Mongolia and
the PRC (Figure 19). Power generation in both countries in 2035 will be based on local coal, although in
the PRC, the contribution of coal will be reduced from 78% in 2010 to 58% in 2035 due to the increased
penetration of natural gas, nuclear, and renewables. In Hong Kong, China; the Republic of Korea; and
Taipei,China, the power mix will change only moderately; coal will be reduced in favor of natural gas
and nuclear in the Republic of Korea; natural gas and renewables in Taipei,China; and natural gas in
Hong Kong, China. Although the overall LEC in East Asia will increase due to the greater contribution of
natural gas and renewables, substantial economic growth will offset it by a large margin.
In the Pacific, electricity affordability will improve in Papua New Guinea and Timor-Leste (Figure
20). In Papua New Guinea, oil generation capacity in 2010 (54% of the power system) will be replaced
by local natural gas (53% in 2035). This will reduce the LEC and together with economic growth will
lead to a substantial improvement in affordability (Figure 18). In Timor-Leste, the power mix is based on
imported oil and will not change from 2010 to 2035. Although the overall LEC will increase due to rises in
oil prices, economic growth will produce a moderate improvement in affordability. In Fiji, the affordability
indicator will change slightly between 2010 and 2035 (Figure 18) as the shares in the power sector of
natural gas and renewables grow, resulting in an LEC increase that will be offset by economic growth. In
other Pacific islands, the power mix will still be based on oil imports by 2035; economic growth will not
be sufficient to counter LEC increases due to rising oil prices.
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In Southeast Asia, affordability will improve significantly in Cambodia, Indonesia, the Lao People’s
Democratic Republic (Lao PDR), and Myanmar (Figure 20) due to economic growth and to changes in
their electricity mixes. Power generation in 2035 will be hydro and local gas in Myanmar, hydro and local
coal in Indonesia and the Lao PDR, and hydro in Cambodia. In Malaysia, the Philippines, Thailand, and
Viet Nam, affordability will improve moderately. In 2035, their electricity mixes will be based on imported
coal and natural gas, except in Malaysia where local natural gas will be used. In Thailand, the main source
for electric power will be natural gas (59.3%) which will also supply 44.2% of power in Malaysia, while in
the Philippines and Viet Nam, it will be coal (70.1% and 42.9%, respectively). The decrease in EOL in Viet
Nam will be due to economic growth. In Brunei Darussalam and Singapore, the power mix in 2035 will
still be based on natural gas (local in Brunei Darussalam and imported in Singapore) as it was in 2010;
however, the EOL will improve for Singapore and deteriorate for Brunei Darussalam due to economic
growth. Singapore will have an annual average increase in GDP per capita of 3.3% from 2010 to 2035,
while Brunei Darussalam will nearly stagnate with an annual average increase in GDP per capita of 0.4%.
In South Asia, there will be significant improvements in affordability for Bhutan, India, Maldives,
Nepal, Pakistan, and Sri Lanka (Figure 18 and Figure 20). In Bhutan, India, Maldives, and Nepal, the
electricity mix will change very slightly between 2010 and 2035. In Bhutan and Nepal, the power
system will be based almost exclusively on hydro energy in 2035; in India, local coal (64%) and hydro
energy (8%) will produce more than 70% of the total electricity generated; in Maldives, electricity will
still be generated with oil in 2035 (99%); improvements in affordability will be brought about mainly
by economic growth. In Pakistan and Sri Lanka, both economic growth and changes in the generating
structure will contribute to a decrease in EOL. In Pakistan, oil-based power generation will be replaced
by gas (from 30% in 2010 to 43% by 2035) and hydro (from 29% in 2010 to 35% by 2035). Although
gas will be imported, its lower cost compared to oil will contribute to a lower overall LEC. In Sri Lanka,
the share of oil in the electricity mix will decrease from 58% in 2010 to 29.8% in 2035 in exchange for
coal that will contribute 47.3% of power generation in 2035 (compared with 0% in 2010). Although both
oil and coal will be imported in Sri Lanka, the cost of coal is lower, so the overall LEC will be reduced.
In Bangladesh, the electricity mix in 2010, based on local natural gas (87.4%), will shift to a mix with
sizable contributions from local coal (41.8%), imported oil (16.2%), and imported natural gas (32.0%).
Dependence on fossil fuel imports increases the LEC; therefore, the improvement in affordability will not
be as substantial as in other countries (Figure 18). In Afghanistan, power generation will depend on oil
imports in 2035 which will significantly increase the cost of electricity. The EOL will therefore decrease
moderately in spite of economic growth.
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Figure 13: Expected Electricity Outlays Based on Tariffs in 2012

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan;
BRU = Brunei Darussalam; CAM = Cambodia; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia;
HKG = Hong Kong, China; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of;
KGZ = Kyrgyz Republic; LAO = Lao People’s Democratic Republic; MAL = Malaysia; MLD = Maldives; MON = Mongolia;
MYA = Myanmar; NEP = Nepal; NZL = New Zealand; PAK = Pakistan; PNG = Papua New Guinea; PHI = Philippines;
PRC = China, People’s Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA = Thailand;
TIM = Timor-Leste; TKM = Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013), IMF (2013), and other sources (Fueyo et al. 2013).
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Figure 14: Expected Electricity Outlays Based on Tariffs in 2012
(%)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013), IMF(2013), and other sources (Fueyo et al. 2013).
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Figure 15: Expected Electricity Outlays Based on Levelized Electricity Cost in 2012 and 2035
2012

2035

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei
Darussalam; CAM = Cambodia; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG = Hong Kong, China;
IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of; KGZ = Kyrgyz Republic; LAO = Lao
People’s Democratic Republic; LEC = levelized electricity cost; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA =
Myanmar; NEP = Nepal; NZL = New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI =
Philippines; PRC = China, People’s Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA =
Thailand; TIM = Timor-Leste; TKM = Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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Figure 16: Expected Electricity Outlays Based on Levelized Electricity Costs in 2012
(%)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from IIEJ (2013) and IMF (2013).
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Figure 17: Expected Electricity Outlay Based on Levelized Electricity Cost in 2035
(%)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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Figure 18: Change in Expected Electricity Outlays Based on Levelized Electricity Cost Between 2012 and 2035
(%)

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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Figure 19: Expected Electricity Outlays Based on Levelized Electricity Cost in Central Asia,
the Developed group, and East Asia, 2012–2035
Central Asia 2012

Central Asia 2035

million

Developed group 2012

million

Developed group 2035

million

East Asia 2012

million

East Asia 2035

million

GDP = gross domestic product, LEC = levelized electricity cost, PRC = People’s Republic of China.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).

million

28 ADB Economics Working Paper Series No. 401
Figure 20: Expected Electricity Outlays Based on Levelized Electricity Cost in the Pacific,
South Asia, and Southeast Asia, 2012–2035
The Pacific 2012

The Pacific 2035

million
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South Asia 2012

South Asia 2035
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Southeast Asia 2012

million

Southeast Asia 2035

million
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AFG = Afghanistan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei Darussalam; CAM = Cambodia; FIJ = Fiji Islands;
GDP = gross domestic product; IND = India; INO = Indonesia; LAO = Lao People’s Democratic Republic;
LEC= levelized electricity cost; MAL = Malaysia; MLD = Maldives; MYA = Myanmar; NEP = Nepal; OPI = Other Pacific Islands;
PAK = Pakistan; PNG = Papua New Guinea; PHI = Philippines; SIN = Singapore; SRI = Sri Lanka; THA = Thailand;
TIM = Timor-Leste; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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IV. THE BENEFITS OF INTEGRATION
We calculated aggregate indicators for each region in a similar manner to assess the implications on
sustainability, security, and affordability of regional policies, and of regionally integrated energy systems.
A. Sustainability
When computed as a regional aggregate, PEI will decrease for all regions (Figure 21) except for the Pacific
(Fiji, Papua New Guinea, Timor-Leste, and other Pacific islands). This decrease is substantial in regions
with high energy intensities in 2010, i.e., Central Asia, East Asia, South Asia, and Southeast Asia. In the
developed group (Australia, New Zealand, and Japan), the reduction in PEI will be quite modest.
The CIX will, however, increase in general from 2010 to 2035 (Figure 21). This increase will be
considerable in Southeast Asia and South Asia where traditional fuels will be replaced by fossil fuels. In
Central Asia and the Pacific, this indicator will change slightly since the CIX will remain similar to that in
2010. In East Asia, the CIX is reduced significantly due to the increase in the share of natural gas from
4.6% to 14.5%, of nuclear from 2.6% to 6.4%, and the corresponding reduction in coal from 62.5% to
48.5%. For the developed group, the CIX improves since the share of coal and oil decreases while the
shares of gas and renewables (wind and solar) will grow from 18.1% to 24.5% for gas and from 3.3% to
14.6% for renewables.
Figure 21: Regional Primary Energy Intensity versus Carbon Dioxide Intensity
of the Primary Energy Mix, 2010–2035 (named end = 2035)
million

g

tCO2/toe

CO2 = carbon dioxide, tCO2 = ton of CO2, toe = ton of oil equivalent.
Source: Authors’ calculations with data from ADB (2013).
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B. Security
ESS will deteriorate in all regions except for Central Asia (Figure 22 and Figure 23). The decrease is
especially significant in East Asia where ESS is reduced from 0.9 to 0.46 and in Southeast Asia where it
drops from 0.88 to 0.20. This means that East Asia will meet approximately 46% of its energy demand
with local resources in 2035, and that Southeast Asia will meet only 20%. In the developed group, South
Asia, and the Pacific, the deterioration in ESS will not be as severe.
The overall energy security indicator for developing Asia will decrease from 1.0 in 2010 to 0.59
in 2035, mainly due to dependence on external oil. If no new reserves are added to the currently proven
ones, imports will have to meet demand. The DIV will, however, remain substantially at 2010 levels for
all regions (Figure 22 and Figure 23).
Figure 22: Regional Energy Self-Sufficiency versus Primary Energy Diversification,
2010–2035 (named end = 2035)

g

Notes: For ESS, 0 = completely dependent on imports, 1 = self-sufficient. For DIV,
0 = all primary energy is from one source, 1= energy comes equally from all primary sources considered.
Source: Authors’ calculations with data from ADB (2013).
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Figure 23: Energy Self-Sufficiency versus Primary Energy Diversification by Region,
2010–2035 (named end = 2035)
Central Asia

Developed group

East Asia

The Pacific

/Countries

South Asia

Southeast Asia

Lao PDR = Lao People’s Democratic Republic, PRC = People’s Republic of China.
Notes: For ESS, 0=completely dependent on imports, 1=self-sufficient. For DIV, 0 = all primary energy is from one source,
1 = energy comes equally from all primary sources considered.
Source: Authors’ calculations with data from ADB (2013).

32 ADB Economics Working Paper Series No. 401

C. Affordability
Affordability usually increases with development; therefore, the lowest expected electricity outlays
based on EOL are found in the developed group (Figure 24). Central Asia, South Asia, and the Pacific
have the highest EOL.
From 2012 to 2035, affordability will improve in all regions except in the developed group where
it decreases slightly (Figure 25). East Asia has the highest increase in affordability; in Central Asia, South
Asia, and the Pacific, the improvement is also substantial.
Figure 24: Regional Expected Electricity Outlays Based on Levelized Cost of Electricity, 2012–2035
2012

2035

g

g

million

million

GDP = gross domestic product, LEC = levelized electricity cost.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).

Figure 25: Regional Change in Expected Electricity Outlays Based on Levelized Cost of Electricity, 2012–2035
(%)

Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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D. Benefits of Integration
Based on the foregoing analysis, this section summarizes the benefits afforded by integrating energy
systems regionally in terms of both security and affordability.
1. Security
From the analysis of ESS, Central Asia offers the most distinct benefits for regional integration. Considered
separately, the ESS of most economies will decrease substantially from 2012 to 2035, but the aggregate
regional security indicator will remain high due to the fossil fuel reserves in Azerbaijan, Kazakhstan, and
Turkmenistan.
In East Asia and South Asia, the aggregate ESS indicator is largely influenced by the PRC and
India, respectively. In East Asia, regional integration can improve the security of the Republic of Korea
and of Taipei,China especially regarding coal. Large coal reserves in the PRC and Mongolia can help meet
demand for the share of coal in their primary energy mix to be 16% and 27% in 2035, respectively. A
parallel situation is in South Asia where large coal reserves in India can help improve the energy security
of Sri Lanka whose coal share in the primary energy mix will be 24% in 2035. Afghanistan and Pakistan
will improve their energy security with better integration with Central Asia which has important oil and
gas reserves. Despite the significant fossil fuel reserves in Indonesia and Malaysia, in Southeast Asia ESS
will deteriorate significantly from 2012 to 2035 even as a regional aggregate.
In the developed group, the large coal and uranium reserves in Australia can improve the energy
security of Japan whose coal and nuclear share in the primary energy mix in 2035 will be 24% and 4.5%,
respectively. In the Pacific, the fossil fuel reserves of Papua New Guinea will improve the energy security
of Fiji, Timor-Leste, and other Pacific islands.
Another noticeable benefit of regional integration would be an increase in the diversification
of the power systems (Figure 26). In most areas, the diversification of the power sector is larger
regionally than nationally. In Central Asia and Southeast Asia, the improvement in diversification is
quite noteworthy. Some economies base power generation largely on a single source (for instance coal
in Kazakhstan, natural gas in Turkmenistan, or hydro in Tajikistan). Aggregating national systems not
only increases diversification but also results in a balanced power sector with most of the conventional
technologies contributing significantly to the aggregate.
Integrating national power systems into regional systems can have advantages in addition to that
of increased diversification. The large-scale deployment of intermittent renewable energy (e.g., wind and
solar) poses additional challenges for managing power systems (such as following demand or regulating
frequencies). Regionally integrating the power grid renders the system more manageable for larger
shares of renewables (e.g., more than 20%). Countries with a large share of renewables (e.g., Denmark)
need high-capacity, international power grid interconnections to manage the system. In Asian countries
with a large fraction of hydropower (Bhutan, the Kyrgyz Republic, the Lao PDR, Myanmar, Nepal, and
Tajikistan), regional integration will help avoid the effect of dry years on the energy system and will
assist with the harmonization of competing uses for inland water (e.g., power in winter and irrigation in
summer).
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Figure 26: Change in the Power (Electricity) Sector Diversification Indicator, 2010–2035

Central Asia

Developed group

East Asia

The Pacific

Southeast Asia

South Asia

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan;
BRU = Brunei Darussalam; CEA = Central Asia; CAM = Cambodia; DEV = Developed Group; EAA = East Asia; FIJ = Fiji;
GEO = Georgia; HKG = Hong Kong, China; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan;
KOR = Republic of Korea; KGZ = Kyrgyz Republic; LAO = Lao People’s Democratic Republic; MAL = Malaysia;
MLD = Maldives; MON = Mongolia; MYA = Myanmar; NEP = Nepal; NZL = New Zealand; OPI = Other Pacific Islands;
PAC = The Pacific; PAK = Pakistan; PRC = People’s Republic of China; PHI = Philippines; PNG = Papua New Guinea;
SEA = Southeast Asia; SIN = Singapore; SOA = South Asia; SRI = Sri Lanka; TAJ = Tajikistan; TAP = Taipei,China;
THA = Thailand; TIM = Timor-Leste; TKM = Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013).
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2. Affordability
Regional integration would alleviate the cost of importing fuels for island economies (Maldives; Sri
Lanka; Taipei,China; and Timor-Leste) without indigenous fuel resources , and for those whose fossil
fuel reserves will be depleted by 2035 (Afghanistan, Bangladesh, Japan, the Republic of Korea, and
Pakistan). In those economies, the regionally aggregated levelized electricity cost (LEC) is lower than the
national LEC (Figure 27). Economies with fossil fuel reserves (Australia, Azerbaijan, Brunei Darussalam,
Indonesia, and Mongolia) or those with hydropower systems (Bhutan, the Lao PDR, Myanmar, and
Nepal) will not improve affordability through regional integration.
Figure 27: Ratio of Regional Levelized Electricity Cost to National Levelized Electricity Cost in 2035

Lao PDR = Lao People’s Democratic Republic.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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V. INTERNATIONAL BENCHMARKING
In this section, we compare the energy indicators calculated for Asia with those in Africa, Latin America,
the Middle East, North America, Organisation for Economic Co-operation and Development (OECD)
Europe, and the Russian Federation, using the forecasts for the new policies scenarios in The World Energy
Outlook 2010 (IEA 2010). This is considered as a BAU scenario, but it takes into account the latest policy
commitments on greenhouse gas emissions and renewable targets.
A. Sustainability
The current CO2 emissions intensity (CEI) of Asia is one of the highest in the world surpassed only by
those of the Russian Federation and the Middle East (Figure 28). It is approximately four times as high
as the CEI in Europe or North America, three times as high as Latin America, and twice that of Africa.
It varies from the Pacific with a CEI similar to that of Latin America to Central Asia which has a CEI
closer to the Russian Federation’s. The CEI in Asia will be reduced by 50% in 2035 from 2010 levels,
but as a similar reduction is expected in the rest of the world, the relative difference will remain largely
unchanged. The significant reduction in the CEI in East Asia is noteworthy, but the CEI will increase in
the Pacific.
As stated previously, PEI is strongly correlated with economic growth (Figure 29). In 2010, the
PEI of Asia was four times as high as that of Europe or North America, twice that of Latin America, and
similar to Africa’s. PEI also varies substantially in developing Asia. The Pacific had a PEI of 0.49 toe per
$1,000 in 2010 while for Central Asia it was 1.43. By 2035, the PEI will decrease to a greater extent in Asia
than in other parts of the world due to greater economic growth. It will be 25% lower than Africa’s, and it
will be closer to that in Latin America but nearly three times that of the developed world. East Asia will
have the greatest reduction.
This significant reduction in PEI in Asia will not, however, be matched by a similar reduction in
CO2 intensity of the primary energy mix (CEI) due to the fact that the CIX will remain high compared
with the other regions of the world (Figure 30). The high CIX is the result of substituting traditional fuels
with fossil fuels, a high reliance on coal, and the low penetration of renewable energy sources (as forecast
in the scenarios).
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Figure 28: Carbon Dioxide Emission Intensity in Asia and the Rest of the World in 2010 and 2035
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CO2 = carbon dioxide, GDP = gross domestic product, kg = kilogram,
OECD = Organisation for Economic Co-operation and Development.
Source: Authors’ calculations with data from ADB (2013), IEA (2010), and IMF(2013).
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Figure 29: Primary Energy Intensity in Asia and the Rest of the World in 2010 and 2035
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GDP = gross domestic product, OECD = Organisation for Economic Co-operation and
Development, toe = ton of oil equivalent.
Source: Authors’ calculations with data from ADB (2013), IEA (2010), and IMF(2013).
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Figure 30: Primary Energy Intensity and Carbon Dioxide Intensity of the Primary Energy Mix
in Asia and the Rest of the World in 2010 and 2035
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OECD = Organisation for Economic Co-operation and Development,
tCO2 = ton of carbon dioxide, toe = ton of oil equivalent.
Source: Authors’ calculations with data from ADB (2013) and IEA (2010).
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B. Security
Overall, ESS in Asia deteriorates considerably between 2010 and 2035 (Figure 31). Although the region
was nearly energy independent in 2010, the indicator will fall to 0.59 by 2035; only about 60% of the
energy demand will be met with local resources. This is substantially more than in Europe and similar
to North America. In contrast, Africa, Central Asia, Latin America, the Middle East, and the Russian
Federation will maintain their high ESS values. DIV will, however, increase in Asia and will only be slightly
less than in developed countries.
Figure 31: Energy Self-Sufficiency and Primary Energy Diversification in Asia
and the Rest of the World in 2010 and 2035
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OECD: Organisation for Economic Co-operation and Development.
Source: Authors’ calculations with data from ADB (2013) and IEA (2010).
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C. Affordability
Energy affordability is tightly coupled to economic growth. In 2010, the EOL in Asia was 16 times that of
North America, eight times that of Europe, and three times that of Latin America (Figure 32). In contrast,
it was nearly half that of Africa.
By 2035, energy will be much more affordable in Asia because of strong economic growth. The
EOL will be four times that of Europe and North America and twice that of Latin America, but it will vary
substantially. In East Asia it will be 0.31% which is lower than that in Latin America and the Middle East,
and in South Asia it will be 2.15%, similar to Africa.
Figure 32: Expected Electricity Outlay in Asia and the Rest of the World in 2010 and 2035
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GDP = gross domestic product, LEC = levelized electricity cost, OECD = Organisation
for Economic Co-operation and Development.
Source: Authors’ calculations with data from ADB (2013), IEA (2010), and IMF (2013).
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VI. ALTERNATIVE SCENARIOS
In this section, we compare the security, affordability, and sustainability indicators for the following
scenarios.3
•
•
•

Business as usual (BAU)—the baseline.
Asian Century scenario (ACS)–BAU. Energy demand is derived from the macroeconomic
parameters for the Asian Century with national energy sectors following a BAU trend.
ACS–Alternative (ALT). The macroeconomic parameters are the same, but there is an increased
emphasis on renewable and nuclear energy, and on additional energy efficiency measures.

All figures in this section are for 2035.
A. Impact on Sustainability
As a general trend, the PEI for Asia and the Pacific in 2035 is less in ACS–BAU than in the BAU scenario
(Figure 33) because GDP growth is usually faster under the ACS–BAU hypotheses and PEI generally
decreases with development. The PEI is, however, greater in ACS–BAU than in BAU in parts of East
Asia (the PRC; Hong Kong, China; Republic of Korea; and Taipei,China); and in Central Asia (Armenia,
Kazakhstan, Tajikistan, Turkmenistan, and Uzbekistan). Except for the PRC, this is because growth is
faster in the BAU scenario than in ACS–BAU. In the PRC, economic growth is slightly faster in ACS-BAU
than in BAU, but so is the increase in energy consumption. As a consequence, the PEI in the PRC is 3.9%
higher in ACS–BAU compared with BAU. The overall PEI in Asia in 2035 does not change significantly
between ACS–BAU (276 toe per $1,000) and BAU (278 toe/$1,000).
In most economies, the PEI is slightly lower in ACS–ALT than in ACS–BAU due to additional
energy efficiency measures; however, the differences are very small (Figure 34). The main exception
is Cambodia where the PEI in 2035 is higher under ACS–ALT. This is because economic growth in
Cambodia is greater under ACS–BAU.

3

ADB (2013).
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Figure 33: Primary Energy Intensity in Business-as-Usual Scenario versus
Asian Century–Business-as-Usual Scenario

t

t

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan;
BRU = Brunei Darussalam; CAM = Cambodia; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG = Hong
Kong, China; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of; KGZ = Kyrgyz Republic;
LAO = Lao People’s Democratic Republic; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA = Myanmar; NEP = Nepal;
NZL = New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI = Philippines; PRC = China,
People’s Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA = Thailand; TIM = Timor-Leste;
TKM = Turkmenistan; Toe = ton of oil equivalent; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013).
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Figure 34: Primary Energy Intensity in Asian Century–Alternative Scenario versus
Asian Century–Business-as-Usual Scenario

Note: See Figure 33 for the abbreviations.
Source: Authors’ calculations with data from ADB (2013).

There is no single regional trend in CO2 intensity (CIX) when the BAU scenario and ACS–BAU
are compared (Figure 35). CO2 intensity increases in ACS–BAU in less-developed economies due to
substituting traditional carbon-neutral fuels with fossil fuels. In some of the more developed economies,
the CIX increases due to the larger contribution of coal. The CIX is lower for most economies under
ACS–ALT than ACS–BAU due to the increased contribution of renewables and nuclear (Figure 36).
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Figure 35: Carbon Dioxide Intensity of the Primary Energy Mix in Business-as-Usual Scenario versus
Asian Century–Business-as-Usual Scenario

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei
Darussalam; CAM = Cambodia; CO2= carbon dioxide; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG
= Hong Kong, China; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of; KGZ = Kyrgyz
Republic; LAO = Lao People’s Democratic Republic; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA = Myanmar;
NEP = Nepal; NZL = New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI = Philippines;
PRC = China, People’s Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA = Thailand;
TIM = Timor-Leste; TKM = Turkmenistan; TCO2 = ton of CO2 ; Toe = ton of oil equivalent; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013).

The difference in CEI between ACS–BAU and BAU is similar to that for PEI. In East Asia and
Central Asia, the CEI is generally higher under ACS–BAU than BAU while the trend is the opposite one
in the rest of Asia (Figure 37). Overall, the CEI in developing countries does not change substantially
under different scenarios (ACS–BAU 739 tons of CO2 [tCO2]/ $1,000 versus BAU 747 tCO2/$1,000).
The CEI is lower in nearly all economies under ACS–ALT as compared to ACS–BAU due to the
lower CIX values (Figure 38). Cambodia does not follow this trend due to the greater value of its PEI
under ACS–ALT. Overall, the CEI under ACS–ALT (702 tCO2/$1,000) is 5.0% lower than ACS–BAU
(739 tCO2/$1,000).
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Figure 36: Carbon Dioxide Intensity of the Primary Energy Mix in Asian Century-Alternative Scenario versus
Asian Century-Business-as-Usual Scenario

Note: See Figure 35 for the abbreviations.
Source: Authors’ calculations with data from ADB (2013).

Figure 37: Carbon Dioxide Emission Intensity in Business-as-Usual Scenario versus
Asian Century–Business-as-Usual Scenario

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei
Darussalam; CAM = Cambodia; CO2= carbon dioxide; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG =
Hong Kong, China; IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; kg = kilogram; KOR = Korea, Rep. of; KGZ
= Kyrgyz Republic; LAO = Lao People’s Democratic Republic; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA =
Myanmar; NEP = Nepal; NZL = New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI =
Philippines; PRC = China, People’s Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA =
Thailand; TIM = Timor-Leste; TKM = Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013).
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Figure 38: Carbon Dioxide Emission Intensity in Asian Century-Alternative Scenario versus
Asian Century-Business-as-Usual Scenario

Note: See Figure 37 for the abbreviations.
Source: Authors’ calculations with data from ADB (2013).

B. Impact on Security
There is no single trend for changes in ESS between BAU and ACS–BAU (Figure 39). Generally, ESS
deteriorates where ACS–BAU assumes significantly higher growth rates than BAU (e.g., India, the Lao
PDR, Sri Lanka) since an increase in primary energy demand depletes indigenous fuels at a faster pace.
The reverse is also true for economies that grow faster under BAU than ACS–BAU. ESS logically remains
the same throughout the region for ACS–ALT compared with ACS–BAU (Figure 40).
The aggregated ESS index for the region is substantially similar for all scenarios: 0.598 for BAU,
0.594 for ACS–BAU, and 0.60 for ACS–ALT. Primary energy consumption is higher for ACS–BAU than
for BAU, but the increase is supplied by coal, the fossil resource with the largest reserves in Asia. The
introduction of renewables and nuclear in the ACS–ALT scenario improves ESS with respect to ACS–
BAU, but not significantly.
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Figure 39: Energy Self-Sufficiency in Business-as-Usual Scenario versus
Asian Century–Business-as-Usual Scenario

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei
Darussalam; CAM = Cambodia; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG = Hong Kong, China;
IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of; KGZ = Kyrgyz Republic; LAO = Lao
People’s Democratic Republic; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA = Myanmar; NEP = Nepal; NZL =
New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI = Philippines; PRC = China, People’s
Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA = Thailand; TIM = Timor-Leste; TKM
= Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013).

Figure 40: Energy Self-Sufficiency in Asian Century–Alternative Scenario versus
Asian Century–Business-as-Usual Scenario

Note: See Figure 39 for the abbreviations.
Source: Authors’ calculations with data from ADB (2013).
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DIV in 2035 does not change significantly between BAU and ACS–BAU (Figure 41) given that they
both are business-as-usual for the energy sector. In ACS-ALT, the DIV in 2035 increases slightly (Figure
42) due to the increased contribution of renewables and nuclear at the expense of fossil fuels. For
Mongolia and Timor-Leste, the DIV increases substantially under ACS-ALT through the introduction of
renewables in their energy mixes that are currently dominated by coal and oil, respectively.
Figure 41: Primary Energy Diversification in Business-as-Usual Scenario versus
Asian Century–Business-as-Usual Scenario

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei
Darussalam; CAM = Cambodia; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG = Hong Kong, China;
IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of; KGZ = Kyrgyz Republic; LAO = Lao
People’s Democratic Republic; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA = Myanmar; NEP = Nepal; NZL =
New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI = Philippines; PRC = China, People’s
Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA = Thailand; TIM = Timor-Leste;
TKM = Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013).

Figure 42: Primary Energy Diversification in Asian Century–Alternative Scenario versus
Asian Century–Business-as-Usual Scenario

Note: See Figure 41 for the abbreviations.
Source: Authors’ calculations with data from ADB (2013).
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C. Impact on Affordability
The EOL in 2035 is generally lower under ACS–BAU than BAU (Figure 43) since the power mix is similar
in both cases, but GDP per capita is larger under ACS–BAU. The trend is reversed where growth is higher
under BAU (Armenia, Kazakhstan, Turkmenistan, and Uzbekistan). The EOL is similar for ACS–BAU
and for ACS–ALT since the amount of (expensive) renewable power introduced is moderate and so
is its impact on cost (Figure 44). For Cambodia and Mongolia, growth is higher for ACS–BAU than for
ACS–ALT which reflects on the EOL. For Timor-Leste, the introduction of additional hydroelectricity in
ACS–ALT reduces oil imports and the LEC (and hence EOL).
Figure 43: Expected Electricity Outlay in Business-as-Usual Scenario versus
Asian Century–Business-as-Usual Scenario

AFG = Afghanistan; ARM = Armenia; AUS = Australia; AZE = Azerbaijan; BAN = Bangladesh; BHU = Bhutan; BRU = Brunei
Darussalam; CAM = Cambodia; FIJ = Fiji Islands; GDP = gross domestic product; GEO = Georgia; HKG = Hong Kong, China;
IND = India; INO = Indonesia; JPN = Japan; KAZ = Kazakhstan; KOR = Korea, Rep. of; KGZ = Kyrgyz Republic; LAO = Lao
People’s Democratic Republic; LEC = levelized electricity cost; MAL = Malaysia; MLD = Maldives; MON = Mongolia; MYA =
Myanmar; NEP = Nepal; NZL = New Zealand; OPI = Other Pacific Islands; PAK = Pakistan; PNG = Papua New Guinea; PHI =
Philippines; PRC = China, People’s Republic of; SIN = Singapore; SRI = Sri Lanka; TAP = Taipei,China; TAJ = Tajikistan; THA =
Thailand; TIM = Timor-Leste; TKM = Turkmenistan; UZB = Uzbekistan; VIE = Viet Nam.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).
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Figure 44: Expected Electricity Otlay in Asian Century–Alternative Scenario versus
Asian Century–Business-as-Usual Scenario

Note: See Figure 43 for the abbreviations.
Source: Authors’ calculations with data from ADB (2013) and IMF (2013).

VII. CONCLUSIONS AND POLICY RECOMMENDATIONS
A. Sustainability
The PEI will decrease as economies develop in line with universal trends; additional targeted policies may
afford additional improvements. The CO2 intensity of the CIX will, however, decrease only in East Asia and
the developed group. In other ADB members it will increase largely due to the continuing displacement
of carbon-neutral fuels (such as biomass) with more convenient fossil fuels. Additional policies will be
required to decrease the contribution of oil and coal in favor of gas, nuclear, and renewables.
Coal is the fossil fuel with the largest reserves in the region and therefore is the main contributor
to CO2 intensity. In the BAU scenario, the coal contribution to the primary energy mix will decrease only
slightly from 46.4% in 2009 to 40.2% in 2035; and the oil contribution will remain virtually unchanged at
24.6% in 2009 and 24.1% in 2035. These moderate reductions are the reason for the poor performance
of the CIX indicator.
Shale gas can contribute to the improvement of the CIX, but so can renewables and nuclear
energy in the electricity sector. The latter should be combined with an increased share of electricity in
the final energy mix as electrification is a common development trend.
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B. Security
The ESS in the region will decrease substantially from 100% in 2009 to 59.8% in 2035. Current oil reserves
will be depleted (even without exports outside the region) by 2019, and gas will nearly be depleted by
2035. Japan, however, will more than triple its ESS indicator from 0.05 currently to 0.17 in 2035 due to
increased reliance on renewable sources (wind and solar).
Oil and shale gas may therefore play an important role in maintaining energy self-sufficiency.
Additionally, the region possesses substantial uranium reserves (Australia, the PRC, India, Kazakhstan,
Mongolia, and Uzbekistan) that are not being utilized.
The DIV—one of the main contributors to the resilience of the energy systems—will not change
significantly from 2010 to 2035 as the introduction of renewables or nuclear is rather limited in the BAU
scenario.
C. Affordability
Electricity affordability will improve substantially as the economies in Asia grow. By 2035, it will increase
by more than 20% in most and by 50% or more in Armenia; Bhutan; Cambodia; the PRC; Georgia; India;
Indonesia; Kazakhstan; the Lao PDR; Maldives; Mongolia; Myanmar; Papua New Guinea; Singapore; Sri
Lanka; Taipei,China; Tajikistan; Turkmenistan; and Viet Nam.
Economies with few fossil fuel reserves will have more affordability issues in 2035 as they
will need to resort to more capital-intensive power generation technologies (such as renewables) or
to importing fuel for conventional generation. South Asia, Central Asia, and Southeast Asia have the
worst affordability and may need additional tariff support (for instance through lifeline tariffs) to ensure
inclusiveness. Affordability in East Asia, however, will improve substantially. In 2035, there will still be a
gap in affordability between developed and developing Asia; but it will diminish with respect to 2010.
The BAU scenario assumes a small penetration of renewables; further increases in the renewable share
are likely to worsen affordability.
D. Regional Cooperation
Regional cooperation can generally increase energy security (self-sufficiency and diversification) and
affordability. The key to successful integration may be seeking win–win situations whereby an energy
supplier collects benefits in addition to monetary compensation. Some examples are the exchange of
energy for energy expertise (e.g., in renewables or clean coal in the case of Kazakhstan); of energy for
diversity (and hence resilience); or the energy–water exchange in Central Asia.
For power systems, the best opportunities for integration are in Central Asia where a regional
power system would be more diversified than any single national system because their individually
dominant power generation technologies are complementary. In Southeast Asia, Cambodia, Indonesia,
the Lao PDR, Myanmar, Singapore, and Viet Nam could increase the diversification of their power
systems through regional integration. Bhutan and Nepal would greatly benefit from integration in South
Asia.
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Energy Security, Sustainability, and Affordability in Asia and the Pacific
This paper calculates energy security, sustainability, and affordability from 2010 to 2035 for the Asia and Pacific
region using the following indicators: primary energy intensity, carbon dioxide intensity of the primary energy mix,
energy self-sufficiency, affordability of electricity, and primary energy diversification. It then assesses the potential
benefits of integrating energy systems within the region.
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