


Critical energy needs for the 
Asian Century

Rapid growth has transformed developing Asia’s presence 
in the world economy. The region will likely continue to 
grow rapidly, further weighing, for better or worse, on global 
developments. Developing Asia’s gross domestic product (GDP) 
will more than quadruple from 2010 to 2035, and by 2050 the 
region will generate over half of global GDP. This promising 
vision of Asia’s 21st century is often called the Asian Century 
growth scenario, articulated in Asia 2050: Realizing the Asian 
Century (ADB 2011). Past growth has dramatically improved 
Asia’s living standards, lifting millions out of poverty. Future 
growth will do the same. 

But, crucially, can developing Asia secure the energy it 
needs to fuel this dramatic economic expansion? Energy 
security rests on three pillars: the adequacy and reliability 
of physical energy supply, environmental sustainability, and 
affordable access. Where will this energy come from? Can the 
region expand its energy infrastructure to support its growing 
needs? Even if the adequate supply of energy is available, will 
it be environmentally sustainable and widely accessible and 
affordable? Failure on any of these fronts would hinder efforts 
to realize the environmentally sustainable, inclusive growth 
that lies behind the Asian Century ideal.

Energy and economic growth
In 2010, Asia contributed 28% of global GDP. If Asia follows 
the expected growth trajectory, by 2050 its per capita GDP will 
reach Europe’s current level, and its share of global GDP will 
nearly double to 52%, making about 3 billion additional Asians 
affluent (ADB 2011). Asia will already account for 44% of global GDP 
by 2035 (Figure 2.1.1).

Asia’s energy challenge

This chapter was written by Minsoo Lee and Donghyun Park of the Economics and 
Research Department; and Harry Saunders of Decision Processes Incorporated. It draws 
on the background papers listed at the end of the chapter. Changyong Rhee, chief 
economist, provided guidance at various stages.

2.1.1  Developing Asia’s growing share of GDP and 
primary energy consumption, 2010–2035
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Such economic expansion requires huge amounts of energy. Already 
in 2010, Asia accounted for 34% of world energy consumption. The link 
between the final energy used by firms and households, which rises as 
GDP expands, and an economy’s demand for primary energy depends on 
a complex host of factors (Box 2.1.1). But assumptions on the evolution of 
energy intensity—changes in the physical energy used to generate each 
unit of GDP—have big effects on forecast demand. 

For example, if economic expansion raises by the middle of the 21st 
century energy consumption per capita for Asia’s 5 billion people to the 
level found today in industrialized economies, the region’s share of global 
energy use is projected to increase to 51% by 2035 (Figure 2.1.1 baseline). 
This is a conservative estimate, reflecting an optimistic projection of 
energy intensity trends. This baseline model endogenously projects energy 
intensity declining by 3.2% per year on average over the forecast horizon. 
This would bring energy intensity in 2035 down to 45% of its 2010 value—
an improvement by better than half. 

This compares with the historical trend from 1990 to 2000 of 2.47% 
improvement per year, which is used in the less optimistic scenario. 
If energy intensity follows its historical trend, Asia’s share of world 
energy consumption would be as high as 56% by 2035 (Figure 2.1.1, less 
optimistic). 

2.1.1 The Asian Century scenario: energy consumption projections

Energy consumption forecasts derive from econometric 
analyses by country and sector. Demand equations are 
estimated using historical data of standard explanatory 
variables such as GDP, population, industrial production, 
and vehicle stocks. The econometric model incorporates 
changes in the structure of output and energy efficiency 
improvements. Future values of energy demand are then 
projected using the explanatory variables. The model 
thus takes into account the historical correlation between 
explanatory variables and energy consumption (box figure). 

Broadly speaking, the econometric strategy begins by 
deriving final energy demand projections, from which it 
derives primary energy demand projections. “Final energy 
demand” refers to the consumption of final energy goods 
such as electricity and gasoline, and “primary energy 
demand” to the implicit demand for energy sources such 
as oil and coal required to meet final energy demand.

For all countries, data on key macroeconomic indicators 
such as GDP, population, and crude oil price are used as 
the bases for future projections of final energy demand. 
In addition, some countries have data on more detailed 
socioeconomic variables such as industrial production, 
vehicle stocks, number of households, and floor space, 
which provided additional inputs for these countries’ 
projections. 

Transformation analysis examines the transformation of 
primary energy into final energy. Examples of transformation 

include electricity generation, oil refining, gas processing, 
and coal transformation. Primary energy demand projections 
can be derived by energy type by combining final energy 
demand and transformation analysis. Net imports of final 
energy are also factored into primary energy demand 
projections, as are changes in energy policy. 
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Energy intensity trends are hard to predict as they are 
driven by many factors beyond improved technical efficiency. 
The faster decline of energy intensity in the baseline scenario 
assumes improvements supported by changes in industry 
structure, slower industrialization in the People’s Republic of 
China (PRC), and productivity gains for non-energy inputs. 
This forecast is subject to greater uncertainty than the less 
optimistic scenario based on historical trend. Figure 2.1.2 
shows the growth of energy consumption under the two 
scenarios. Asia’s energy consumption is projected to double 
from 2010 to 2035 even under the optimistic baseline scenario. 

Note that this report’s baseline forecast shows the 
primary energy growth rate to be 2.82% annually from 2010 
to 2035. This is quite consistent with the forecasts of other 
organizations (Table 2.1.1). Energy consumption grows despite 
substantial improvement in energy efficiency because of 
sharply increased per capita GDP. While Asia’s population is 
forecast to grow only modestly by 0.7% annually, Asians will 
drive more and use air-condition more as they become richer.

Composition of Asia’s energy demand
Aside from becoming higher, energy demand poses many 
challenges for developing Asia in terms of its composition. In 
particular, what is the mix of primary sources that will satisfy 
Asia’s growing thirst for energy? The current composition 
of Asia’s energy demand holds some important clues 
(Figure 2.1.3).

Under the baseline scenario in Box 2.1.1, most of the 
twofold (202%) increase in energy consumption from 2010 
to 2035 will come from fossil fuels. Coal use is expected to 
increase by 81% as oil consumption approximately doubles and 
natural gas use more than triples. The use of renewables is 
set to increase but will make a relatively small contribution to 
2035 energy requirements. The same goes for nuclear power. 

Subregional differences in energy demand and the energy 
mix will be substantial by 2035. Following the Asia 2050 
study’s forecasts (ADB 2011), the scenarios allow for large 
differences in subregional growth rates in the next 2 decades. 
Regional GDP growth will likely be dominated by South and 
East Asia—South Asia because of its high potential growth 
rate and East Asia because its growth at about 6% builds on 
its existing large share of developing Asia’s GDP (the two 
subregions will jointly account for 83% of developing Asia’s 
GDP by 2035).

Aside from these different growth rates, different 
subregions rely on different energy mixes (Figure 2.1.4). 
Coal plays a much larger role in East and South Asia than 
in Central Asia, Southeast Asia, or the Pacific. Natural gas 
occupies a markedly bigger share of the energy mix in Central 
Asia than in the four other subregions. Relatively low demand 

2.1.2  Sensitivity of energy consumption to the evolution 
of energy intensity, historical intensity trend 
(less optimistic) versus forecast trend (baseline) 
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2.1.3 Fuel composition for Asia’s energy requirements
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2.1.1  Comparison of organizations’ energy consumption 
forecasts

 
Primary energy 
growth rate (%)

Time 
horizon

Energy Information 
Administration  
(non-OECD Asia)

2.90 2008–2035

British Petroleum (Asia-Pacific) 2.72 2010–2030

International Energy Agency 
(New Policies Scenario, Asia)

2.20 2010–2035

Asian Development Bank 2.82 2010–2035

Sources: EIA 2011a, BP 2013, IEA 2012a.
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in the Pacific islands will be met by oil and natural gas in most 
countries. On the other hand, across all subregions coal, oil, 
and natural gas dominate while renewables and nuclear occupy 
only a limited share of the energy mix. 

An achievable energy future for Asia
Energy consumption that more than doubles under the Asian 
Century vision poses a colossal challenge. Can it be achieved? 
Where will Asia find so much energy—over half the energy 
needed by the entire world in 2035? If the answer is that Asia 
cannot find it, the region will not realize the Asian Century. 
Asia faces a stark reality: Either it secures adequate energy 
supply or economic growth suffers accordingly. Even if Asia 
is able to secure enough physical energy supply, there remains 
the question of whether it can do so while safeguarding 
environmental sustainability and ensuring affordable energy 
for all. The three pillars of energy security are examined 
below, one by one.

Adequacy and reliability implications
Coal is abundant in Asia, which has a 35% share of the world 
endowment (Table 2.1.2). Asia can reasonably expect to source 
coal from other regions if need be. 

Less abundant than coal in Asia is conventional natural 
gas, of which Asia has 16% of proven global reserves. The gas 
trade is widely distributed in terms of sources, though, and 
international trade in gas is growing. As such, Asia can expect 
to have relatively unfettered access to gas (Table 2.1.3). 

Oil is different. And it poses the greatest threat to the 
adequacy of Asia’s physical energy supply. Proven reserves of 
crude oil in the region amount to a mere 9% of the world total. 
When combined with natural gas liquids, the Asian share is 
15% of world reserves (Table 2.1.4).

Crude oil supply is by no means the only element of 
energy supply security, but it is the most problematic for 
Asia because of the region’s limited endowment and how it 
compensates. In 2010, Asia imported nearly half of all crude 
oil traded on international markets. If crude oil demand grows 
as projected in Figure 2.1.3, developing Asia’s oil imports will 
expand dramatically (Figure 2.1.5). Taking into account Asian 
production, Asia’s oil imports are expected to almost triple 
from 11 million barrels per day (MMBD) to over 31 MMBD by 
2035, growing annually by 4.2%.

Control over Asia’s oil supply has steadily shifted toward 
Middle East suppliers. In 1990, 33% of developing Asia’s oil 
imports came from the Middle East; by 2010, this figure had 
risen by half to 48%. As this accelerating trend will likely 
continue, Asia’s high and growing dependence on a single 
region poses a risk to adequate and reliable energy supply. 
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Disrupted flow of crude oil from the Middle East for an 
extended period would hit Asia hard. Worse, Asia’s refineries 
are configured to process mostly light Middle Eastern crudes 
and, unlike refineries in other regions, cannot immediately 
handle very heavy crudes. If the Middle East tap closed, Asia 
would be poorly equipped to switch to heavy crudes available 
from elsewhere. 

Long-term oil security can be enhanced by substituting 
other fuels, but the short run lacks options. Asia uses oil 
largely for transportation (48% in 2010), which almost always 
requires readily portable energy. The convenience of liquid 
fuels for this purpose, the well-developed supply chain, and 
superior economics give petroleum products a huge advantage 
over alternatives. Biofuels offer some potential as substitutes 
for oil products, but they are unlikely to be commercially 
competitive within the forecast horizon. 

Much of the projected surge in oil imports reflects the 
rapid expansion of motor traffic expected in Asia. The PRC’s 

2.1.2 Proven reserves of coal, 2011

 

Anthracite 
and 

bituminous 

Sub-
bituminous 
and lignite Total 

Share 
of Total  

(%) 

Total North America 112.8 132.3 245.1 28.5

Total South and Central 
America 6.9 5.62 12.52 1.5

Total Europe and 
Eurasia 93.0 211.6 304.6 35.4

Total Middle East 
and Africa 32.7 0.17 32.87 3.8

Australia 37.1 39.3 76.4 8.9

PRC 62.2 52.3 114.5 13.3

India 56.1 4.5 60.5 7.0

Indonesia 1.5 4.01 5.51 0.6

Japan 0.34 0.01 0.35 0.04

Kazakhstan 21.5 12.1 33.6 3.9

New Zealand 0.033 0.54 0.573 0.1

North Korea 0.3 0.3 0.6 0.1

Pakistan … 2.07 2.07 0.2

South Korea … 0.13 0.13 0.01

Thailand … 1.24 1.24 0.1

Vietnam 0.15 … 0.15 0.02

Other Asia Pacific 1.58 2.13 3.71 0.4

Total Asia and the 
Pacific 180.8 118.62 299.42 34.8

 of which: Developing 
Asia 143.35 78.77 222.12 25.7

 Developed Asia 37.47 39.85 77.32 9.0

… = data not available.

Notes: Anthracite is hard, high-energy coal; bituminous, sub-bituminous, and 
lignite are progressively softer kinds of coal with progressively less energy. 

Source: British Petroleum 2012.

2.1.4  Undiscovered technically recoverable oil and natural gas 
liquids

Region

Mean
estimate
(MMBO)

Share
(%)

Mean
estimate

(MMBNGL)
Share

(%)

Arctic + former 
Soviet Union

66 12 40 24

Middle East and 
North Africa

111 20 31 18

Asia and Pacific 53 9 25 15

Europe 10 2 3 2

North America 83 15 19 12

South America and 
Caribbean

126 22 21 13

Sub-Saharan Africa 115 20 28 17

Total 565 100 167 100

MMBNGL = million barrels of natural gas liquids, MMBO = million barrels of oil.

Source: US Geological Survey 2012.

2.1.3 Undiscovered technically recoverable gas

Region
Mean estimate 

(trillion cubic meters)
Share 

(%)

Arctic + former Soviet Union 57  29

Middle East and North Africa 33  17

Asia and the Pacific 32  16

Europe  5   3

North America 20  10

South America and Caribbean 24  12

Sub-Saharan Africa 26  13

Total 198 100

Source: US Geological Survey 2012.

2.1.5 Projected Asian oil import requirements
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vehicle fleet for passengers and goods is forecast to grow 
at over 6% annually (Figure 2.1.6). Rapid economic growth 
means that more Asians can now afford cars. Trading public 
transport for private cars is a natural consequence of Asia’s 
growing affluence and middle class, and it will further whet 
the region’s thirst for imported oil. 

In addition to oil supply disruptions, threats to supply 
adequacy arise from potential interruptions of electricity 
and gas supply. Unreliable electric and gas systems can 
leave households without power and stymie industrial 
and commercial activity, causing heavy losses. India has 
experienced serious interruptions to electricity supply, with the 
July 2012 blackout in India affecting some 670 million people. 
In 2009, a dispute between Russia and Ukraine over pricing 
and transit costs for Russia’s gas prompted Russia to cut off 
all gas supplies to and passing through Ukraine, imposing 
wintertime supply disruptions on 18 European countries—and 
this dispute remains unresolved.

By 2035, most Asian countries will produce less than half 
the energy they need, and many will produce only a tiny 
fraction. This means that Asia will remain heavily dependent on 
energy imports, in particular of oil, for the foreseeable future. 
More generally, securing adequate and reliable energy supply 
will persist as a difficult challenge across the region. 

Figure 2.1.7 ranks Asian economies according to an index 
of energy self-sufficiency, in which a value of 1 indicates all 
primary energy demand is met with indigenous resources and 
a value of 0 indicates complete reliance on energy imports. 
The index is calculated based on each country’s projected 
primary energy mix until 2035 (e.g., how much it will use coal 
to generate electricity), its current proved indigenous reserves 
of fossil fuel, and its projected consumption until 2035 (Fueyo, 
Gómez, and Dopazo, forthcoming).

Only three countries in developing Asia—Azerbaijan, 
Brunei Darussalam, and Kazakhstan—are energy self-sufficient. 
Some economies have minimal self-sufficiency. Singapore and 
Hong Kong, China both have high demand for fossil fuels but 
no supply. As their energy sources were entirely imported even 
in 2010, their situation will change little by 2035. The Republic 
of Korea has limited fuel reserves—some coal and nuclear fuels, 
the latter perhaps largely uranium processed from imports. In 
2010, the Republic of Korea imported about 80% of its primary 
energy (IEA 2012a). Indigenous reserves will be depleted by 
2035. The share of hydropower is negligible at 0.02% of primary 
energy consumption, and other renewables’ share is only 2.1%.

Japan’s trends for economic growth and energy demand are 
unique in Asia, reflecting its economic maturity. Its GDP will 
grow very slowly between 2010 and 2035. Its primary energy 
consumption will fall by 15%, but hydropower’s share of primary 
energy will remain more or less constant at 1.5%, while that of 
other renewables will rise substantially from 2.1% to 15.7%. 

2.1.6 Vehicle population forecast for PRC, 2005–2035 
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2.1.7 Asian countries’ energy self-sufficiency, 2035
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Thailand, the Philippines, and Viet Nam will have self-
sufficiency rates in 2035 similar to Japan’s. A major reason is 
that their energy consumption will grow much more quickly 
to fuel their faster economic growth. Country-specific factors 
matter. Thailand has considerable known reserves of coal 
and gas, but they will be depleted by 2035. The share of 
renewables remains constant at about 20%. In the Philippines, 
the contribution of renewables will shrink from 43% in 2010 
to 14% in 2035, by which time proven indigenous gas and coal 
reserves will be depleted. While Viet Nam is endowed with 
significant oil and gas reserves and was a net energy exporter 
in 2010, rapid growth and a shift from traditional to modern 
energy sources will deplete its reserves by 2035. The share of 
renewables is projected to shrink from 43% to 17%.

Focus on environmental sustainability 
If Asia does find the physical energy supply it needs to fuel 
its growth, what would be the impact on the environment? 
Expanding the region’s primary energy mix as currently 
projected would have serious consequences for the 
environment, both in Asia and globally. Local air and water 
quality, water availability, land use, and global climate all 
stand to suffer greatly if projected energy demand is met 
mostly by fossil fuels.

Local impacts on air, water, and land
The current picture of Asia’s energy future entails significant 
damage to the local environment. Toxic emissions from fossil 
fuels are already a serious problem. Air pollution degrades 
human health and drives up hospital admissions, and indoor 
air pollution causes premature death in women and children. 
Air pollution is caused largely by energy production and use. 
The energy and transport sectors generate 70% of nitrogen 
oxide emissions and 80% of emissions of sulfur dioxide and 
particulate matter (PM10, referring to particles that are less 
than 10 microns in diameter and therefore able to penetrate 
deep into the respiratory tract). 

Sulfur dioxide emissions have grown in Asia, even per 
capita. Sulfur dioxide is responsible for the damage acid rain 
does to lakes and forests, and it poses serious human health 
risks. PM10 is an especially problematic air pollutant, its 
inhalation strongly associated with heart and chronic lung 
disease. Roughly half of PM10 pollution comes from power 
plants, 30% from transportation, and most of the remainder 
from wildfires and dust storms. Air pollution is projected 
to cause more than 3.6 million deaths per year by 2030 
throughout the region, mostly in the PRC and India. With 
coal use projected to grow by over 50% during the forecast 
period, air quality problems associated with sulfur dioxide and 
PM10 are likely to continue, absent aggressive limits placed on 

2.1.8 Cities with high particulate concentrations, 2008–2009

PM
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 = particulate matter less than 10 microns in diameter.

Note: Red bars represent cities in Asia.

Source: ADB 2012a.
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toxic emissions. Further, more cars portend ever-deeper concerns about 
air quality, especially in urban areas.

Clean Air Asia, the regional network on air-quality management, 
aggregated data from more than 300 Asian cities in 2012 and found that 
PM10 concentrations were within safe targets in only 16 cities, most of 
them in Japan. This means that more than 94% of the cities sampled have 
air unsafe to breathe. Setting an air quality guideline of 20 micrograms 
of PM10 per cubic meter as safe for long-term exposure (WHO 2008), the 
World Health Organization ranks cities that average 100 micrograms per 
cubic meter or worse and finds 34 of the world’s 57 most polluted cities in 
Asia (Figure 2.1.8).

Like air quality, water availability fares poorly under Asia’s projected 
energy future. Burning fossil fuels to generate electricity requires lots 
of water for cooling. Further, oil, gas, and biofuel all require significant 
quantities of water to produce. Asia is already notably vulnerable to water 
scarcity, second only to Africa. 

Fuelwood and biofuels present additional problems because the 
resulting deforestation causes social dislocation and the loss of natural 
carbon sinks and biodiversity. Present and projected demand for 
fuelwood exceeds the capacity of the natural ecosystem to supply it. 
Biofuels derived from corn, oil palm, and other crops displace food 
crops on farmland. Forests harvested for fuelwood or cleared to cultivate 
biofuels account for much of current change in land use.

Consequences for global climate change
The damage inflicted by Asia’s projected energy future affects 
not only the local environment but the global climate. If 
developing Asia continues to rely on fossil fuels, its energy-
related carbon emissions (ignoring other greenhouse gas 
emissions) will more than double over the forecast period. 
By 2035 Asia will contribute nearly half of global carbon 
dioxide (CO2) emissions (IEA 2012a). The International Energy 
Agency (IEA) calls the pathway under current worldwide 
policies unsustainable and emphasizes the need to build an 
energy pathway to limit global warming to 2 degrees Celsius 
above preindustrial levels, the target agreed under the United 
Nations Framework Convention on Climate Change. The 
World Energy Outlook, published annually by the IEA, refers to 
three scenarios of energy growth: the current policies scenario, 
with no change to policies in place; the new policies scenario, 
which includes countries’ commitments and plans even if 
specific measures are not yet announced; and the so-called 
450 scenario, which the IEA proposes as the threshold for 
preventing dangerous climate change. The 450 scenario calls for limiting 
CO2 emissions in the atmosphere to 450 parts per million. Figure 2.1.9 
shows that under current forecasts developing Asia alone would emit 
more CO2 than is sustainable for the entire world. 

This would have very serious consequences for Asia’s many 
countries that are particularly vulnerable to climate change. Geography, 
climatology, low per capita income, and patterns of urbanization put 
Indonesia, the Philippines, Thailand, and Viet Nam at risk of losing 6.7% 

2.1.9  Projected energy-related carbon dioxide emissions 
from developing Asia 
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of their combined GDP by 2100 if temperatures 
change as the Intergovernmental Panel on 
Climate Change predicts. This is more than 
twice the global average of losses linked to 
climate change. Cambodia, the Lao People’s 
Democratic Republic (PDR), the Philippines, the 
Mekong Delta, central Thailand, and Sumatra 
and Java in Indonesia are more at risk than 
wealthier countries such as Brunei Darussalam 
and Singapore. The PRC and India could use up 
1%–12% of their annual GDP coping with climate 
refugees, altered disease vectors, and failing crops. 

Bangladesh, where 15% of the population 
lives within 1 meter of sea level at high tide, is 
prone to flooding, tropical cyclones, and storm 
surges—not to mention drought. In Cambodia, 
substantial human and crop losses are attributed 
to worsening drought and flooding that are likely 
only preludes to more extreme weather. 

According to the Organisation for Economic 
Co-operation and Development (2010), 7 of the 
world’s 10 cities most exposed to climate change 
are in developing Asia (Table 2.1.5).

Cities are not the only places under threat. 
Large swathes of rural coastal areas in Asia are 
vulnerable to climate change. Parts of South Asia, 
including virtually all of Bangladesh and large 
parts of Nepal, are at very high risk from climate change.

The imperative of affordable access
Assuming Asia can secure adequate physical energy supply to power 
growth and safeguard the environment, the challenge remains 
to ensure that energy is accessible and affordable. Energy is 
one of the most basic human needs, and therefore true energy 
security necessarily entails universal access to affordable 
energy. Affordable access to energy is a prerequisite for 
inclusive growth and the political support that makes policy 
effective. 

Asia has the unfortunate distinction of harboring most of 
the world’s energy poor. Energy poverty perpetuates hunger 
by forcing women and children to gather fuel for hours 
on end that they would rather spend earning incomes or 
studying. Nearly half of the world’s people without electricity 
live in Asia, as do the majority of people who rely on 
traditional fuels such as wood, charcoal, and dung. In 2010, 
2.8 billion Asians, or 79% of the world population, relied on 
such traditional fuels, which provide low-quality energy while 
often destroying natural ecosystems (Figure 2.1.10).

Affordable access to modern energy is shockingly 
deficient in Asia. In 2010, some 18% of Asians, or 628 million 

2.1.5 Cities most exposed to climate change

Rank Country City

Current assets
exposed

($ billion)

Future assets
exposed

($ billion)

1 USA Miami 416 3,513

2 PRC Guangzhou 84 3,357

3 USA New York–Newark 320 2,147

4 India Kolkata 32 1,961

5 PRC Shanghai 73 1,771

6 India Mumbai 46 1,598

7 PRC Tianjin 30 1,231

8 Japan Tokyo 174 1,207

9 PRC Hong Kong, China 36 1,163

10 Thailand Bangkok 39 1,117

11 PRC Ningbo 9 1,074

12 USA New Orleans 234 1,013

13 Japan Osaka–Kobe 216 969

14 Netherlands Amsterdam 128 843

15 Netherlands Rotterdam 115 826

16 Viet Nam Ho Chi Minh City 27 653

17 Japan Nagoya 109 623

18 PRC Qingdao 3 602

PRC = People’s Republic of China, USA = United States of America.

Source: OECD 2010.

2.1.10 Asian proportion of those in energy poverty

Rest of the world
Asia

Without basic energy service Dependent on traditional fuelsa

50% 50%

21%

79%

a The traditional fuels category includes all types of solid fuels and kerosene, not 
just biomass.

Notes: Electrification numbers for Asia taken from 2012 Rapid Assessment 
and Gap Analyses and United Nations Development Programme Energy 
Country Briefs supplemented with World Bank population data for 2011. Global 
electrification and solid fuels numbers for non-Asian countries taken from 
IEA (2011a).

Sources: IEA 2012a, Sovacool 2012. 
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2.1.6 Number and share of population without modern energy services, 2010

 
Without Access 

to Electricity 
Dependent on biomass 

for cooking

 
Population 

(million)

Share of total 
population 

(%)
Population 

(million)

Share of total 
population 

(%)

Africa  590 57 698 68

Congo 58 85 63 93

  Ethiopia 65 77 82 96

Kenya 33 82 33 80

  Nigeria 79 50 117 74

Tanzania 38 85 42 94

  Uganda 29 92 31 96

Other sub-Saharan Africa 286 66 328 75

  North Africa 1 1 2  1

Developing Asia 628 18 1,814 51

  Bangladesh 88 54 149 91

People’s Republic of China 4 0 387 29

  India 293 25 772 66

Indonesia 63 27 128 55

  Pakistan 56 33 111 64

Philippines 16 17 47 50

  Viet Nam 2 2 49 56

Rest of developing Asia 106 34 171 54

Latin America 29 6 65 14

Middle East 18 9 10  5

Developing Countries 1,265 24 2,588 49

World  1,267 19 2,588 38

Source: IEA 2012a.

individuals, had no electricity. In that year, 
the percentage of population continent-
wide without electricity and reliant on 
biomass for cooking was higher in Africa 
than in Asia, but some Asian countries 
such as Bangladesh approached the 
African average (Table 2.1.6). 

Energy is a basic human need. It is 
required to heat and cool, prepare and 
preserve food, provide light, communicate, 
and operate modern conveniences, as well 
as to enable the delivery of social services 
like education, health, and recreation. 
Expanding access to energy for Asia’s 
legions of energy poor is a priority made 
all the more urgent because failure would 
perpetuate substantial public health 
hazards. Yet traditional fuels like kerosene, 
fuelwood, dung, charcoal, and coal still 
supply much of the energy used in Asia. 
Solid fuels dominate, with fuelwood 
claiming the largest share in most Asian 
countries (Figure 2.1.11).

Rapid growth can make the future 
better than the present. The IEA’s new 
policies scenario (including countries’ 
commitments and plans regarding energy 
use) projects that developing Asia’s 
population without electricity will decline 
substantially to 334 million by 2030, which 
translates into a decline from 18% to 8%. 
The IEA is more pessimistic about movement away from traditional fuels, 
estimating that the number of people without clean cooking facilities in 
India in 2030 will still be more than twice the population of the United 
States today (IEA 2012a). It further estimates that achieving its vision of 
Energy for All, or universal access to modern energy by 2030, will require 
3.5 times more investment to this end than is contemplated in the new 
policy scenario and 5.3 times investment in 2009. The current outlay 
is less than $10 billion globally. The additional investment will extend 
supply to heretofore unserved populations and build capacity to meet the 
additional demand.

ADB projections show every Asian subregion having to spend less 
of its income on electricity in 2035 than in 2012. Figure 2.1.12 shows that 
electricity expenditure as a fraction of GDP per capita (wealth per capita) 
will be lower in 2035 (vertical axis) than it was in 2012 (horizontal axis) 
for all subregions because they all lie below the solid line that indicates 
equal shares of income spent on electricity in both years (expenditure 
will be unchanged but low in developed Asia). While this analysis does 
not directly indicate that all energy sources will be more affordable 
or accessible, it does show a key component of energy becoming more 
affordable for the poor. Importantly, however, improved energy access 
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2.1.11  Traditional fuel use by type for selected Asian countries
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and affordability is not preordained, as these projections assume that 
the cost of electricity reflects the forecast mix of primary energy used 
to generate it. As we have seen, this mix creates a number of thorny 
environmental problems, as well as broadly worsening energy security 
(Box 2.1.2). 

The less-optimistic scenario for Asia’s energy future, based on current 
trends, paints a stark picture. It suggests that Asia will be hard pressed 
to secure enough energy supply to achieve the rapid growth required for 
widespread poverty reduction. Further, high growth in energy supply 
needs to be accompanied by significant quality changes to protect the 
environment and ensure affordable access. This threefold challenge of 
energy supply adequacy, environmental sustainability, and affordable 
access requires a multipronged approach. The region needs to aggressively 
explore all options by which to curb its burgeoning energy demand, tap 
new energy supply, and foster regional market synergies that maximize 
the gains achieved on both sides of the demand–supply equation. 

2.1.12 Projected energy affordability in Asia
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2.1.2 Recent trends in energy security: some evidence from an index

Sovacool et al. (2011) ominously points to stagnant or 
declining energy security in Asia and the Pacific. The study 
assessed the performance of 18 countries in the region 
on energy security based on 20 indicators spread broadly 
across energy supply, affordability, efficiency and innovation, 
environmental stewardship, and governance. The assessment 
informed an energy security index that included all 
Southeast Asian nations, as well as the PRC, India, Japan, 
and the Republic of Korea. Australia, the European Union, 
the US, and New Zealand were included as benchmarks. 
This study then assessed national progress in 5-year 
increments from 1990 to 2010 in two ways: The first rated 
the country’s average overall or absolute performance for 
1990–2000. The second took a temporal perspective that 
looked at how each country improved or regressed. 

Box figure 1 shows that the top three performers 
were Japan, Brunei Darussalam, and the US. The worst 
were Viet Nam, India, and Myanmar. Higher score 
refers to better energy security performance. The bar 
shows the energy security index for each country and 
the value ranges from 0 to 100. Box figure 2 shows that 
Myanmar suffered the largest deterioration of energy and 
environmental security, a 63% decline, between 1990 and 
2010. The best improvers were Malaysia, Australia, and 
Brunei Darussalam. 

This study raises three main points. First, most countries 
have improved their energy security only marginally or 
else regressed. Interestingly, even the best performers 
fell far short of a perfect score of 100. Japan and Brunei 
Darussalam scored favorably on barely more than half of 
the metrics, and the fourth-placed US scored favorably on 
only one-third. This conclusion is discouraging in light 

of all the apparent progress that has been made since 
the 1970s: the creation of the IEA, the rapid growth of 
renewable energy, the rise of energy efficiency and demand 
management, and research on cutting-edge technologies. 
Despite these frenetic efforts, the index suggests that energy 
security in most countries has stagnated or even weakened. 

Second, the index reveals great disparity. Japan, a strong 
leader, did not leave improving energy security to the 
marketplace. Its experience underscores the importance of 
government intervention. The success of Japanese energy 
policy arose from coordinated and consistent political 
support for policy and aggressive investments to achieve 
ambitious targets. 

Third, the study reveals the difficult tradeoffs among 
components of energy security. Japan achieved its low 
energy intensity, advanced technology, and mitigation of 
greenhouse gas emissions only with large government 
subsidies and comparatively high prices for energy 
services. The Lao PDR has a small carbon footprint and 
high penetration of hydroelectricity but has prioritized 
exporting energy rather than expanding domestic access, 
though it is now seeking to expand hydropower supply 
to the domestic market. Dam construction continues to 
erode environmental quality, and the country remains 
completely dependent on imported oil to fuel transport. 
Myanmar’s extreme export-oriented energy strategy can 
leave its population literally in the dark, its favorable score 
on environmental indicators reflecting only limited capacity 
and poor access. The fundamental problem is that some 
elements of energy security, such as affordability, apparently 
come only at the expense of others, such as sustainability 
and efficiency. Perhaps in recognition of this, Myanmar is 
beginning to change its export-oriented strategy.

1  Energy and environmental performance absolute score 
for selected countries, 1990–2010 
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Containing burgeoning energy demand 

Asia enjoys an array of promising options to check its energy appetite. 
Regional governments do not have to look far for a compelling example of 
the potential for demand management. Japan depends almost entirely on 
imported energy, especially oil but also coal and liquefied natural gas, to 
power its huge economy, the third largest in the world. Yet Japan’s energy 
intensity is low—the lowest in the world, lower than in the European 
Union, the US, Latin America, or the developing world. Spurred by the 
oil shocks of the 1970s, Japan has worked hard to improve its economic 
output per unit of energy. Despite temporary bumps perversely enabled 
by the collapse of oil prices in the 1980s and 1990s, Japan’s energy 
intensity in 2010 was 25% lower than in 1980. 

The broader lesson that developing Asia can draw from the Japanese 
experience is that managing energy demand more efficiently can make a 
big difference to the energy pathway, and there is every reason for others 
to try to emulate Japan’s success. Effective government leadership can 
mobilize behavior change in firms and households. The lesson for Asian 
governments is that they must take the lead in changing the mindset and 
culture of their citizens so that they use energy more efficiently and thus 
do their part to promote Asia’s energy security.

Several strategies offer promise toward more efficient demand 
management even in the short term. Broadly speaking, these strategies 
can be grouped into three groups. First, eliminating consumer subsidies 
and taxing greenhouse gas emissions will move the price of energy 
toward its true cost. Second, green innovation such as smart cities and 
clean transportation will improve energy efficiency and environmental 
sustainability. Third, changing behavior can curtail wasteful energy 
consumption. Demand management strategies are promising but presents 
various challenges. Tackling outmoded subsidies requires political will, 
green innovation takes investment in technology, and changing behavior 
entails instilling fundamentally new attitudes.

Energy prices that reflect true costs
One obvious channel for managing demand more efficiently is to remove 
distortions that artificially reduce the price of energy to below its true 
cost. Sometimes government policy such as consumer subsidies are the 
source of such distortions, which encourage energy overconsumption. 
In other cases, government intervention such as greenhouse gas taxes are 
required to bridge the gap between the true cost of energy, including its 
environmental cost, and its purchase price. 

Eliminating consumer subsidies
Consumer subsidies designed to guarantee affordability and protect 
households from the potentially large shocks of fuel price increases 
end up artificially reducing the price of energy and thus encouraging 
overconsumption. Simulation results from Del Granado et al. (2012) show 
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that a $0.25 per liter increase in 
fuel prices causes a 4.5% decline 
in household real incomes in Asia 
and Pacific (Table 2.2.1). This 
impact is partly direct, forcing 
households to spend more on fuel, 
and partly indirect, as prices paid 
for goods and services swell with 
higher embedded energy costs. 

Most Asian countries provide 
some form of subsidy to offset 
harm to welfare, with subsidies 
varying widely from country 
to country (Figure 2.2.1). Subsidies in developing Asia are 
larger than elsewhere except the Middle East, and they are 
increasing (Table 2.2.2). 

A lot of attention has been paid to fossil fuel subsidies 
globally, as overconsumption damages energy supply 
adequacy and the environment. Member countries of the 
Group of 20 and Asia–Pacific Economic Cooperation have 
declared that such subsidies will be phased out. According 
to the IEA (2012a), oil-exporting countries offer the highest 
subsidies in terms of their share of GDP. Among non-oil 
exporting countries in Asia, Bangladesh and Pakistan have 
the highest GDP shares—though estimates vary from year 
to year with fluctuations in international prices for liquefied 
petroleum gas, natural gas, and oil.

Such subsidies are well-intentioned, or at least popular, 
but they increase energy consumption, distort energy 
development planning, and, when applied unevenly, provide 
incentives for adulteration and illegal cross-border sales. 
Worse, the main beneficiaries of energy subsidies are not the 
poor. If the intent is to make energy more affordable to the 
poor, only the poorest 20 percentile should benefit from the 
subsidy. In fact, the poor in Asia benefit little from subsidized 
fuel prices because many lack electricity and gas connections, 
few own vehicles, and most transport sparingly. The IEA 
(2011a) surveyed nine Asian countries with the highest fossil 
fuel subsidies, along with two countries in Africa, and found 
that only 15% of the benefit of kerosene subsidies—and a paltry 
5% of subsides for liquefied petroleum gas—went to the poorest 
20th percentile (Figure 2.2.2). 

As the stated intent of energy subsidies is to provide 
affordable energy to the disadvantaged, the better solution 
would be to give the target populations direct cash benefits or 
energy coupons. Poor households are identified for benefits 
like food distribution, education support, and medical 
treatment. The energy subsidy could be similarly targeted. 
For example, a cash payment scaled for the energy used by 
a typical energy-poor household, not tied to the household’s 
energy consumption, would extend access without encouraging wasteful 
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2.2.1 Direct and indirect welfare impacts of fuel price increases (%)

  Direct Impact, by Product Direct 
Impact

Indirect 
Impact

Total 
Impact  Gasoline Kerosene LPG Electricity

Africa 0.2 1.2 0.2 0.1 1.7 3.7 5.4

South and Central America 0.2 0.2 0.3 0.2 0.8 2.4 3.3

Asia and the Pacific 0.3 1.6 0.3 0.3 2.5 2.0 4.5

Middle East and Central Asia 1.4 0.7 1.0 0.5 3.6 3.7 7.4

All regions 0.4 1.1 0.3 0.2 2.0 3.3 5.4

LPG = liquefied petroleum gas.

Note: Welfare impacts are caused by increasing the price of fuels by $0.25 per liter. 

Source: Del Granado et al. 2012.

2.2.2 Fossil fuel consumption subsidies ($ billion)

  2007 2008 2009 2010 2011

Developing Asia 90.6 177.0 94.6 113.7 161.7

Latin America 51.7 71.0 25.5 40.2 59.5

Middle East 124.0 193.9 124.7 170.4 204.2

Africa 36.5 51.5 26.7 41.2 48.1

Eastern Europe 39.4 61.3 39.7 46.9 49.5

Note: Countries surveyed were Angola, Bangladesh, the People’s 
Republic of China, India, Indonesia, Pakistan, the Philippines, South 
Africa, Sri Lanka, Thailand, and Viet Nam.

Source: IEA 2011a.
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2.2.1 Replacing general price subsidies with targeted transfers in Indonesia

A fuel subsidy puts pressure on the budget and external 
account. The Government of Indonesia still administers 
fuels prices, which lag far behind international price 
increases and cause unsustainably high fiscal spending 
(box figure). In 2012, the government spent $22 billion on 
fuel subsides—at 2.6% of GDP, they were 0.6 percentage 
points higher than the government’s infrastructure 
spending. As Indonesia now imports fuel, the policy 
weighs on the country’s external account. 

Although reducing the fuel subsidy will remain 
politically difficult, domestic debate is moving in the right 
direction. Cutting the fuel subsidy increases prices and 
is thus politically very unpopular. However, the public 
recognizes that the general fuel subsidy disproportionately 
benefits the rich and middle class, disregarding any 
question of need. A household survey found the richest 
10% of households consuming 40% of all subsidized 
gasoline (World Bank 2011). In addition, the policy 
encourages overconsumption. As reallocating fiscal 
resources to infrastructure, health, and education would 
spur growth and make it more inclusive, the government 
and parliament agreed in the 2013 budget to allow higher 
fuel prices.

Switching from general price subsidies to targeted 
transfers is the best option. The government is planning to 
establish in 2014 a national social security system through 
which the government will pay insurance premiums for 
poor families. Discussion is under way to use the new social 
security system to target energy subsidy transfers to the poor.

2.2.2  Share of fossil-fuel subsidies received by the poorest 
20th percentile, 2010
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use. In fact, a beneficiary household would have incentive to 
use less energy and keep the surplus from the payout to pay 
for other needs. This achieves the objective of restraining 
energy use without creating the perverse incentives that so 
frequently drive energy systems off track. 

Replacing general energy subsidies with subsidies 
targeting the energy poor can immediately restrain energy 
demand without denying those in need. It can go a long way 
toward laying the foundation for Asian energy security. The 
Indonesian experience explains the government’s efforts to 
reduce subsidies despite political difficulties (Box 2.2.1).

Taxing greenhouse gas emissions
Market energy prices rarely reflect the true price of energy 
when such negative externalities as pollution are factored in. 
A widely touted option is the so-called carbon tax on 
emissions of greenhouse gases (GHGs). The argument in 
favor of such a tax is that the price of energy should cover 
such externalities as GHG emissions. This real price would 
create incentives to reduce energy consumption and develop 
new clean technologies, which would strengthen two of 
the three pillars of Asian energy security: energy supply adequacy and 
environmental sustainability. However, carbon taxes face two primary 
difficulties.

First, the so-called “free rider” problem is that countries benefit from 
others’ adoption of a carbon tax whether or not they themselves adopt 

Fossil-fuel consumption subsidy (% of GDP), 2010
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one and shoulder the competitive trade disadvantage it imposes through 
higher costs. Second, a carbon tax raises energy prices and thus undercuts 
affordability, compromising that pillar of Asian energy security. It also 
slows economic activity. 

Addressing the free rider problem requires international policy 
coordination, but little progress has been made in international dialogue 
to impose a carbon tax. Some countries with caps on GHG emissions 
have considered imposing a duty on import of goods from countries that 
do not have caps. Consensus has so far been elusive, even for extending 
the Clean Development Mechanism toward capping emissions from fossil 
fuels mostly in developed economies and encouraging clean energy use 
in developing economies. This reflects failure to evaluate the impact of 
a carbon tax beyond the short term. In the long run, a carbon tax will 
encourage new technologies for tapping clean and renewable energy 
sources, lowering fossil fuel use in transportation, and developing other 
ways to mitigate GHG emissions. Developing countries in Asia could 
direct the revenues raised from a carbon tax toward accelerating clean 
energy technologies. In the long run, innovators would outperform 
free riders. 

In addition, ways exist to mitigate the harm done by carbon taxes 
to energy affordability and economic growth. Tax proceeds can fund 
targeted subsidies to make affordable energy available to the poor, as 
described above. Keeping a carbon tax from inhibiting economic activity 
is trickier but possible. One solution is for governments to use tax 
proceeds to reduce the cost of another production input to offset firms’ 
higher energy costs. The European Commission has evaluated this kind 
of revenue recycling (Kouvaritakis et al. 2005).

The United Kingdom introduced its similar “climate change levy,” 
which compensated corporate payers of a carbon tax by reducing their 
contributions to employees’ social insurance, essentially giving firms a 
break on their payroll taxes to offset increased energy costs. However, 
the government reneged on the promised reduction a few years later by 
returning social insurance contributions to the previous rate. 

A general lesson from this experience is that governments can be 
tempted to use proceeds from a carbon tax and similar schemes for 
unintended purposes when a fiscal shortfall arises. But it also shows that 
such a program can be implemented if the political will exists. In 2003, 
the Council of Ministers of the European Union issued a directive that 
allowed member states to “offer companies tax incentives in return for 
specific undertakings to reduce emissions” (European Commission 2004). 
Such initiatives are voluntary at the moment, but the decision points to a 
growing perception that GHG taxation with revenue recycling may offer a 
powerful tool for policy makers.

Gains from green innovation
There is a lot of scope for technological innovation that can promote 
energy efficiency as well as environmental sustainability. Good city 
planning and design can lower individual and aggregate energy 
requirements by, for example, expanding the role of public transport. 
Gaseous transportation fuels such as compressed natural gas can mitigate 
the environmental impact of urban transportation. Substituting gas for 
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electricity in end-use applications saves gas and displaces coal and other 
dirtier types of energy. Green innovation requires large investments in 
new technology and infrastructure, but the benefits are potentially huge. 

Smart cities that save energy
A fast-growing body of research supports the idea that clever planning 
and design can enable new urban centers to deliver significant 
environmental and energy savings. As Asia grows, new cities will emerge, 
and this relatively clean slate provides the opportunity to substantially 
redefine urban design. Industrialized countries in which rural-to-urban 
migration has largely run its course lack this opportunity.

Urbanization itself offers evident benefits in energy efficiency and 
environmental protection. In the industrialized world, residents of 
compact urban centers individually consume less energy and water 
than their suburban and rural counterparts. They live in smaller 
spaces, consume less, discard less trash, and rely far less on cars 
for transportation, as walking, cycling, or public transportation are 
practical options that use energy far more efficient than do private cars 
(Owen 2009).

The benefits can be multiplied. Careful urban design can 
apply knowledge of mobility patterns to create compact, walkable 
neighborhoods. Shared-use mobility and thoughtfully agglomerated office 
buildings can reduce transportation energy demands. Well-designed 
communication and control systems can provide real-time information 
on energy, water, and other resource use that can help consumers alter 
consumption and movement patterns to maximize their efficient use. 
Asian urban centers are taking the form of megacity hubs with suburban 
satellite cities. Rapid transportation systems like bus mass transit systems 
in the PRC and subways in India help lower energy use and improve the 
environment and quality of life (ADB 2012a). 

Careful urban planning can take advantage of cogeneration 
opportunities, in which waste heat from power generation can serve 
the heating and cooling needs of commercial buildings and households 
if the geographic configuration is compact enough. Ulaanbaatar, 
Mongolia, is procuring a combined heat-and-power plant to replace aging 
counterparts. Similarly, several cities in Central Asia have rehabilitated 
and upgraded their heating supply systems to be fed by combined 
heat-and-power plants. Large waste collection and disposal systems in 
urban centers can generate electricity from waste, as is done in Incheon, 
Republic of Korea. Malaysia has installed gas district cooling systems 
that boast system efficiency at 75%, or almost double the 40% for systems 
driven by electric motors. 

Smart cities may rely on telecommuting and telepresence to minimize 
travel costs, design work flows that allow teams to work asynchronously 
toward flexible work hours, provide real-time information to enable 
more efficient consumption and travel patterns, establish on-demand 
and real-time control of materials and energy flows to residences and 
businesses, and remotely control industrial and commercial processes.

In Asia, moving toward this new growth paradigm is a matter of 
considerable urgency if its promise is to be realized. Whereas Europe 
needed 150 years from the beginning of serious urbanization to shift a 
majority of its population into urban centers, North America took only 
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105 years and Asia will need only 95 years (ADB 2012a). From 1980 to 
2010, Asia added more than a billion people to its cities, pushing urban 
densities higher than in the rest of the world. Asia has 8 of the 10 most 
densely populated large cities in the world, including the top three: 
Mumbai, Kolkata, and Karachi, in that order. In 2010, Asia was home to 
12 of the world’s 23 megacities, or just over half. This rapid urbanization 
is expected to continue, bringing Asia’s urban population from the 
current 43% to 50% in 2025. Considering Asia’s large population, the 
strong urbanization trend will continue thereafter, opening the door to a 
new growth paradigm if the process is properly managed.

Canada has established the Green Municipal Fund to support green 
cities studies and pilot projects through grants and low-cost loans. It 
has so far committed to disbursing $613 million to support 934 green 
initiatives in more than 460 communities across Canada. The benefits 
from 70 completed projects include reduced GHG emissions and water 
consumption. 

The implementation of green and smart cities in Asia will require a 
major shift in urban planning. Additional public finance will be needed 
for the higher upfront capital and maintenance costs. 

Clean, green transportation
Compressed natural gas (CNG) and other gaseous fuels have been 
introduced into urban transport mainly to address the pollution caused 
by gasoline and diesel internal combustion engines. Recognizing the 
contribution natural gas can make to better air quality and other benefits, 
the Republic of Korea and India, among others, have stepped up efforts 
to promote transport using CNG (Box 2.2.2). Two studies in California 
modeled the lifecycle impacts of this use of gaseous fuel, including its 
preparation, distribution, and use in various types of light- and heavy-
duty vehicles. The main findings were that it would reduce energy 
use and GHG emissions by 6%–11%, local pollution by 20%–80%, and 
petroleum use by more than 90%. The model pertains to Californian 
patterns of vehicle use and processes of fuel delivery and electricity 
generation, and the magnitude of savings will vary across countries, but 
petroleum would undoubtedly be saved and local pollution reduced. Both 
reductions would make using CNG and other gaseous fuels beneficial 
in Asia, especially toward the goals of energy supply adequacy and local 
environmental sustainability. 

Plug-in hybrid electric vehicles (PHEVs) and battery electric vehicles 
(BEVs) both reduce local air pollution. PHEVs run on a combination of 
conventional fossil fuels and a battery that is recharged by regenerative 
braking, which captures the energy otherwise lost when the vehicle 
slows. This allows PHEVs to use about 35% less fuel than a conventional 
vehicle. BEVs rely exclusively on the grid power supply to recharge their 
batteries, so their lifecycle energy and GHG savings depend on the mix of 
the sources powering the grid. The result is primarily a shift of pollution 
away from where the vehicles are operated to where the electricity is 
generated. If the grid electricity is generated using coal, both lifecycle 
energy use and GHG emissions are higher from BEVs than from PHEVs. 
If the electricity is primarily from hydropower, however, emissions are 
very low. 
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Both options shift pollution out of urban centers. The PRC is 
aggressively deploying electric vehicles in line with a strategy of 
co-evolution between electric vehicles and the development of grid 
generation using renewable energy (IEA 2011b,c). The country has begun 
with a three-stage pilot project dubbed the Ten Cities Ten-Thousand 
Vehicles Program, though it actually covers 25 cities, 12 in the first stage: 
Beijing, Changchun, Changsha, Chongqing, Hangzhou, Heifei, Jinan, 
Kunming, Nanchang, Shanghai, Shenyang, and Shenzhen. 

Most electric vehicles currently in use in the pilot cities are public 
buses, taxis, official vehicles, and service vehicles, but five of the cities 
offer support for private electric vehicles. According to the IEA, Beijing 
delivered 1,000 neighborhood electric vehicles in 2009 and planned 
to develop 30,000 electric vehicles by 2012, 23,000 of them BEVs and 
7,000 PHEVs. The Shanghai government set a target of 20,000 private 
electric vehicle purchases by the end of 2012, and Shenzhen expects 
to have 100,000 electric vehicles by 2015. The cities have invested in 
charging stations and other infrastructure and have enlisted major auto 
manufacturers in the program (IEA 2011b). 

The IEA cites the Ministry of Industry and Information Technology 
as reporting that the plan includes promoting the widespread 
commercialization of BEVs, with vehicle batteries either recharged or 
swapped out. Personal BEV and PHEV ownership is slated to reach 
500,000, as the deployment of medium and heavy PHEVs reaches 

2.2.2 Compressed natural gas transporting Koreans 

Motor vehicles are responsible for 23% of energy-related 
carbon dioxide emissions (IEA 2010a). Using natural gas 
for transport can play an important role in reducing these 
emissions. Compressed or liquefied natural gas can power 
transport by land, sea, or air. The benefits of using natural 
gas range from immediate cost, noise, and emissions 
reduction to longer-term improvements in local air quality 
and energy security. Studies show emissions reduction 
in carbon dioxide equivalent averaging 25% when CNG 
replaces gasoline in passenger cars and light commercial 
vehicles. In more heavily used vehicles such as buses 
and trucks, CNG offers even more significant emissions 
reduction (IEA 2010b).

The use of natural gas for transport in the Republic of 
Korea became significant with the introduction in 2000 
of CNG buses to replace diesel-powered city buses, as 
mandated by the country’s Clean Air Conservation Act. 
The government provides financial assistance for the 
purchase of natural gas vehicles and part of their fuel. In 
2006, the government planned to set aside $100 million 
to support the program and provide bus operators with 
$24,000 for every CNG bus (The Green Car Congress 
2006). In Seoul, the city government restricted buses 
operating in the city to CNG, starting in 2010. The city 
government provided subsidies to bus operators for each 

CNG bus purchased to cover part of the cost differential. 
In other major cities, diesel buses at the end of their 
useful life (9 years by law) are being replaced by CNG 
buses. The use of CNG buses accelerated in the country in 
2006–2010, when over 3,000 CNG buses were added each 
year (box figure). As of 2010, the country had 25,996 CNG 
buses in operation. One-third of them are in Seoul, where 
improved air quality is convincing proof that government 
support was a wise investment.

Number of buses using compressed natural gas in the 
Republic of Korea
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1 million, all by 2015. Thereafter, the plan calls for BEV and PHEV 
ownership by 2020 to reach 5 million, accounting for 5% of total vehicle 
ownership (IEA 2011b).

This strategy is rightly called “co-evolution” as the development 
of electric vehicle fleets and power generation using renewable energy 
reinforce each other. The introduction to the power grid of intermittently 
available renewables creates challenges to reliability and stability, which 
can be mitigated by connecting a fleet of electric vehicles through a 
“smart grid” (a technological advance discussed in the next section). 
Batteries in electric vehicles can store renewable power that is produced 
in excess of system load. Two-way charging infrastructure can allow 
electric vehicle batteries to feed back into the grid during peak demand. 
Such “spinning reserves” for power systems provide backup power that 
is immediately available and potentially reduce the cost of investment in 
generating capacity, strengthen the stability of the system, and provide 
backup against system failures. Meanwhile, electric vehicle owners can 
earn rebates by providing these services to the grid, thus reducing their 
operating costs.

Clean transport requires a major shift in services. Mass road transit 
systems can operate fleets with gaseous fuels, and private ownership 
can move toward electric vehicles. Close collaboration and partnership 
between municipal governments, carmakers, and fuel suppliers is 
essential. Initially, public finance can promote research and development 
and help build the critical mass of vehicles that brings the cost of gas 
and electricity distribution per vehicle down to manageable levels. Clean 
transport becomes more competitive as it grows.

Switching electricity for gas
Energy efficiency can be improved by replacing electricity with gas for 
end use. Consider using a cubic meter of gas two ways for cooking. One 
option is to burn the gas in a gas-fired power plant, which converts about 
40% of the energy in the gas into electric energy (EIA 2013a) that a family 
can use to power an electric cooktop. If that same cubic meter of gas 
were instead delivered directly to power a gas cooktop, the same cooking 
energy would require only 40% of the original cubic meter of gas. The 
family would still have 60% of the cubic meter with which to prepare the 
next meal and half of the meal after that. 

It is apparent that the energy supply system is better used if 
households purchase gas cooktops instead of electric ones. It makes little 
sense to burn gas in a power plant to boil water to generate electricity 
with which to boil water on an electric cooktop, when, instead, you 
can burn gas to boil water right in your kitchen. Replacing electricity 
with gas in many households and businesses would extend the useful 
life of natural gas reserves, thus enhancing energy supply adequacy by 
conserving gas resources. Further, using gas instead of electricity for 
cooking substantially reduces emissions. 

The story is even more compelling if the power plant uses coal instead 
of gas. Coal is a much dirtier fuel for power generation than is natural 
gas, producing more emissions that are more problematic. To the extent 
that electric power is generated with coal, replacing electricity with gas 
for end uses offers even greater emissions benefits (Figure 2.2.3). 
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Much of the industrialized world is locked into existing 
electric and natural gas transmission and distribution systems. 
These systems are highly developed but shaped more by 
historical happenstance than by comprehensive planning to 
minimize investment cost and maximize energy efficiency. 
By contrast, as Asian societies expand their gas and electricity 
systems into new areas—as they will with urbanization and 
efforts to serve the energy poor—they will often build from 
scratch. 

Asians will therefore enjoy more freedom of choice and 
potential for investment savings. Electricity generation, 
transmission, and distribution infrastructure is much more 
expensive to build than gas delivery infrastructure. While it 
may not be possible to replace electricity with gas for all new 
end uses in the foreseeable future, it is possible to reshape 
electricity and gas delivery systems in new ways that minimize 
redundancies and save capital costs. 

And Asians will have more freedom to be energy efficient. 
Electricity and gas systems in the industrialized world arose 
at a time when energy efficiency was a low priority and 
utility regulators had little incentive to work with energy 
suppliers to find efficiency measures that could benefit from 
careful coordination between gas and electricity delivery. In 
contrast, Asia has the advantage of being able to pursue such 
coordination for future benefit. 

If gas supplies become more abundant in Asia through, for example, 
the aggressive development of unconventional sources, the natural and 
immediate inclination is to use it as much as possible to replace dirty coal 
in generating electricity. This strategy seems obvious, but a broader view 
points a different direction. Natural gas has more value for environmental 
protection and energy conservation if it is used instead to replace 
electricity in end uses—2.5 times the value as the cooking illustration 
showed. 

Such replacement may be practical only where energy supply 
systems expand into newly built-up areas. In the meantime, using gas to 
generate electricity may be the sensible alternative in established cities, 
at least for the time being. And, in a few countries, notably Bhutan, the 
Kyrgyz Republic, and Tajikistan, most electricity supplied to end users 
is generated from clean hydropower. In these cases—or where small, 
isolated grids are supplied by solar or wind power—switching from 
electricity to gas would be ill-advised as the electricity is from cleaner, 
renewable sources. These caveats do not apply, however, in most Asian 
locations that will experience dramatic economic and infrastructure 
expansion in the coming years and decades.

Gas can replace electricity for a number of end uses, among 
them certain industrial processes; space heating and cooling; and 
powering kitchen appliances such as cooktops, ovens, and refrigerators. 
Manufacturers of appliances, home heating and cooling equipment, and 
industrial capital equipment can be encouraged to promote gas over 
electric designs. Doing so will gradually reshape the fuel demand profile. 
If end users demand gas, energy providers will respond. In any case, the 

2.2.3 The benefits of replacing electricity with gas
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future development of gas and electricity transmission and distribution 
systems should be coordinated. Gas and electric utilities generally 
operate within regulatory frameworks, but sometimes the frameworks 
are only loosely coordinated. The economic advantages of minimizing 
infrastructure duplication combine with energy savings and emissions 
reduction to provide strong motivation for better coordinating gas and 
electricity systems in new infrastructure. Low international gas prices 
and investment in liquefied natural gas terminals mean that even energy-
importing countries can benefit. Coordinated planning of new electricity 
and gas infrastructure should be augmented by building local firms’ 
capacity to successfully enter the gas supply business, which has relatively 
few players in most of developing Asia. 

Changing energy consumer behavior
Energy prices that reflect the true cost of energy will induce Asian 
households and firms to use energy more efficiently. But there is much 
more that can and should be done to promote more efficient energy 
use. Above all, there is a need to change the general public’s energy use 
behavior by instilling a recognition that energy is a scarce, valuable 
resource. The impact of new energy efficiency technologies will depend 
on the scale and speed of their uptake. Conservation programs can 
induce individuals to refrain from purely wasteful energy consumption. 
Changing behavior ultimately requires a fundamental shift in the 
general public’s attitudes. The government should act as a catalyst in this 
endeavor, as the Japanese experience shows.

Energy efficiency available on demand
Asian governments must take the lead in changing Asians’ energy 
use behavior. More aggressive policies to promote to consumers cost-
effective energy efficiency will enhance Asia’s economic growth, private 
consumption, government expenditure, and investment. Further, energy 
efficiency gains reduce the effective price of energy, thus advancing the 
cause of affordability and access. Similarly, lower energy consumption 
reduces emissions, thus furthering environmental sustainability. 

In addition, if programs encouraging investment in improved energy 
efficiency make energy services more economical, they will likely be 
accompanied by net increases in productive labor employment. Especially 
during times of economic slowdown, programs that improve energy 
efficiency by, for example, retrofitting buildings can employ otherwise 
idle labor to add value to the economy. 

Other benefits flow from how energy efficiency gains expand 
producer and consumer surpluses and strengthen economic welfare. 
Evidence from Europe shows such gains directly improving public 
budgets when firms hire workers to retrofit aging, energy-inefficient 
buildings and pay associated payroll taxes, and when workers pay income 
and social insurance taxes rather than claim unemployment benefits 
(Copenhagen Economics 2012). The IEA has recognized and identified 
how energy efficiency gains help alleviate poverty. 

Several technologies to improve energy efficiency are now in use 
and well-established in developed economies but lack penetration 
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across Asia. For example, consumers’ use of compact fluorescent lamps 
and light-emitting diodes can save up to 70% of the electricity used by 
incandescent, sodium vapor, or halogen lamps. Active solar thermal 
systems to heat water and interiors are popular in the PRC, which has 
39% more active solar thermal systems installed than the rest of the world 
combined (IEA 2011a). 

Solar tubes can bring daylight into rooms without windows, and 
special solar paints can reflect most heat from the sun to lower the energy 
needed for cooling. Similarly, proper building insulation conserves heat 
during the winter. Hybrid electric vehicles reduce fuel consumption 
with brakes that capture energy from a decelerating vehicle for charging 
batteries that run the motor. High-efficiency electric motors are used 
extensively in industry. Such new technologies entail high upfront fixed 
costs, however, because their developers need to recoup research and 
development investments. Further, they initially may not be as reliable 
as existing efficient technologies. Encouraging more investment would 
accelerate their commercialization. 

A very large market like Asia is conducive to the rapid deployment 
and commercialization of new technologies. Establishing and supervising 
efficiency standards can reinforce consumer demand for energy-efficient 
technologies, and the ready availability of loans can expand their 
adoption in firms and households. Government programs that create 
incentive for developing better technologies and designs in a concerted 
way can accelerate the progress of innovation.

The proposition that more aggressive policies toward energy efficiency 
can strengthen all three pillars of Asian energy security is extremely 
seductive. Unfortunately, though, the seduction of energy efficiency cuts 
both ways. 

On the lookout for rebound effects
A large and growing body of research has shown that energy efficiency 
gains do not bring one-for-one reductions in energy consumption 
because of the so-called “rebound effect.” In extreme cases, improved 
efficiency can backfire, spurring outright increases in energy 
consumption. It appears that energy efficiency improvements act much 
as energy price reductions or energy subsidies, encouraging higher 
energy use (Box 2.2.3). 

What is particularly troublesome for Asia is that rebound effects 
appear to be larger in developing economies than in industrialized 
economies. Even with rebound effects, energy efficiency gains advance 
the cause of affordable access by reducing the effective cost of energy 
and spur economic growth by making energy cheaper for producers. If 
rebound falls short of backfire, efficiency gains improve environmental 
sustainability and energy supply adequacy by reducing energy use. 
Careful attention paid to managing rebound effects can ensure that 
investments in energy efficiency strengthen all pillars of Asian energy 
security. 

Awareness and conservation programs
Potential exists to reduce energy use that is purely wasteful by altering 
individual behavior. Lights that burn when no one is present, trains 
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that run on schedule but without passengers, individual car trips where 
pooling is possible, machinery idled instead of shut down during a 
production stoppage—all are examples of energy used for no constructive 
purpose. Programs designed to raise public awareness of the social 
value of eliminating energy waste can have positive impact despite their 
reliance on altruism and social pressure rather than proven market 
signals. 

As with demand management generally, Japan provides a good 
example of the potential of conservation programs in its Setsuden 
(“saving electricity”) movement (Box 2.2.4). The movement, which 
emerged following the Fukushima Daiichi nuclear accident, helped 
lower peak usage by 15% during the summer of 2012. The success of 
the Setsuden movement in preventing power outages in post-tsunami 
Japan attests to the potential of media awareness campaigns to change 
the behavior of firms and households. Though, in light of the extreme 
circumstances under which the program was initiated, the jury is out 
on the degree to which Japan’s experience can be replicated elsewhere. 
Although the exact magnitude of energy savings obtainable by 
eliminating purely wasteful energy use is uncertain, they would come at 
virtually no cost. 

2.2.3 Energy efficiency rebound effects: technical background

Measuring rebound effects compares the technical potential 
for energy savings from energy efficiency improvements 
with the energy savings actually realized. Formally, rebound 
magnitude is defined according to the following equation: 
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where ESA is the actual energy savings realized and ESP is 
the potential energy savings as estimated from engineering 
calculations. 

If actual energy savings equal potential savings, rebound 
is zero. If there are no actual savings, rebound is unity, or 
100%. If energy use rises, rebound is greater than 100%—a 
backfire.

Potential energy savings are calculated assuming that 
energy efficiency gains reduce energy use, in households 
and businesses alike, in direct proportion to the magnitude 
of the energy efficiency improvement. If every light bulb, 
television, refrigerator, or air conditioner were replaced by a 
more efficient counterpart, whether existing or new, energy 
use would be reduced correspondingly while the same end 
uses are served—perhaps even better served. Production 
using new energy-efficient technologies would reduce the 
energy required to produce and transport any given good or 
service, correspondingly reducing energy use—with outsized 
potential benefits, as the production side of the economy 
uses two-thirds of energy globally (ExxonMobil 2009). 

However, energy efficiency gains lower the effective 
cost of energy, so users respond by using more. The 
magnitude of these effects depends on how flexibly 
consumers can adjust their consumption and how 
flexibly producers can substitute cheaper energy for 
other production inputs that have become relatively more 
expensive for lack of their own efficiency improvements. 
Accordingly, actual energy savings will fall short of 
potential energy savings.

Energy intensity can be favorably reduced despite large 
rebound effects because energy efficiency is only one 
factor affecting energy intensity. 

A large and growing empirical literature pioneered 
by Brookes (1979) and Khazzoom (1980) assesses the 
magnitude of the rebound effect. Recent studies include 
Saunders (1992, 2008, forthcoming), Sorrell (2007, 2009), 
Turner (forthcoming), Tsao et al. (2010), and Jenkins et al. 
(2011). 

Roy (2000) first suggested that rebound effects in 
developing countries may be larger than in industrialized 
countries. Li and Yonglei (2012) showed energy efficiency 
rebound in the PRC to have been very large from 1997 to 
2008, backfiring in 3 of those years. Lin and Liu (2013) 
analyzed passenger transportation in the PRC from 1994 
to 2010 and found rebound at 107%—another backfire. 
Chakravarty et al. (2013) provide a good survey of the 
literature. 
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In sum, better demand management can bring Asia significantly 
closer to the goal of energy security. It can do so by reducing the risk 
of inadequate supply and promoting environmental sustainability. But 
while better demand management is absolutely necessary for energy 
security, it cannot cover the whole distance. The journey requires solving 
the supply side of the equation, by augmenting the supply of clean, 
affordable energy. Fortunately, like the demand side, the supply side is as 
full of promising options.

2.2.4 Japan’s Setsuden initiative post-Fukushima

The Setsuden (“saving electricity”) movement dramatically 
highlights Japan’s ability to promote energy security 
through demand management. Nuclear power supplied 
27% of Tokyo’s energy needs before the March 2011 
earthquake and tsunami that crippled the Fukushima 
nuclear power plant. The meltdown at Fukushima 
prompted stress tests and safety checks at other plants, 
mandating further shutdowns. Japanese firms and 
households consequently faced looming power shortages, 
and Setsuden arose as an unofficial, grassroots national 
movement to conserve electricity in response. Media 
campaigns encouraged firms and households to cut 
back. Workers moved their shifts to off-peak hours and 
weekends. Commercial establishments turned off air-
conditioning. The movement became official on 1 July 
2011, when the government mandated reduced electricity 
use by large firms and prescribed reduction targets for 
households and small businesses. The restrictions were 
rescinded in September 2011, but only after the Setsuden 

movement succeeded in helping to prevent blackouts 
during the summer, when electricity use typically surges. 
Japan’s peak usage fell by 15% from a year earlier.

The Setsuden movement built on earlier success. 
Throughout the last half century, the Government of Japan 
has catalyzed and led energy conservation. Its efforts have 
been rewarded with widespread voluntary compliance, the 
efforts of firms and households creating a virtuous cycle 
of energy efficiency improvements. The government’s 
initiatives entail both regulation and support. Regulations 
based on the Law Concerning the Rational Use of Energy, 
1979 set out energy efficiency standards for buildings, 
appliances, and other equipment. Government support 
consists of budgetary, tax, and financial measures. In 
addition to setting aside a budget for energy efficiency 
measures, the government provides tax breaks and 
subsidies.

Sources: EIA Country Analysis (updated 4 June 2012), IEEJ 2011, TEPCO 2012.
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Tapping cleaner energy supply

Asia’s current energy picture contemplates some degree of energy supply 
enhancement: introducing new unconventional gas supplies, deploying 
renewable energy supplies, and modestly expanding nuclear power. As 
noted, however, meeting the needs of the Asian Century scenario would 
mean a tremendous increase in energy imports based on current plans to 
enhance indigenous supplies. Expanding its energy supply in a way that 
is environmentally sustainable will require Asia to pursue a combination 
of renewable energy, cleaner nonrenewable sources, and technologies to 
make carbon-based fuels cleaner to use.

Expansion of renewables 
The current forecast shows the use of renewables increasing by half 
over the forecast period. Hydropower more than quadruples, but all 
renewables together still account for only 13% of the power generation mix 
in 2035. Is there an opportunity to substantially strengthen the role of 
renewables beyond forecasts?

Wind, solar, and other renewable energy technologies directly 
harness naturally available energy sources. They thus help to insulate the 
energy price from the ups and downs of fossil fuel production, thereby 
strengthening future energy security. These technologies can substitute 
for the fossil fuels used to generate electricity, reducing harmful emissions 
and improving environmental sustainability. Biofuels can potentially 
substitute for oil-based transportation fuels and so reduce the need for oil 
imports and enhance energy supply adequacy.

However, several difficulties prevent expanding renewables enough to 
make a major difference in Asia’s energy future any time soon. Perhaps 
most fundamental is the need for renewable sources to be cost-competitive 
with the fuels they seek to replace. While various renewables have enjoyed 
significant cost reductions and are already economic in certain locales 
and remote areas, renewable energy generally remains too costly to be 
competitive. This is likely to change but how quickly is unclear.

Uncompetitive cost is not the only difficulty. Biofuels pose the risk 
of usurping agricultural land used to grow food if their production is to 
expand by the magnitude required to make a significant contribution. 
Using solar and wind to replace coal or oil in power generation 
is technically tricky, primarily owing to their intermittency. This 
complicates integrating large-scale solar and wind generation into power 
systems in a way that maintains system reliability, stability, and ability to 
quickly adjust output to minute-by-minute changes in system demand. 

Many argue that being cost-competitive should be understood as 
factoring in environmental and other social costs that are external to 
the standard equations of microeconomics. However, capturing these 
“externalities” with subsidies or the imposition of taxes and mandates 
runs up energy prices and cramps economic activity. Also, the more 
expensive electricity derived from renewables undermines affordability, 
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the third pillar of energy security. Policymakers have to consider such 
tradeoffs.

Nonetheless, one can argue that the long-term economic benefits 
garnered from the large-scale use of renewable energy outweigh short-
term costs. Instruments such as feed-in tariffs during the introductory 
years of high-cost renewable technologies assure suppliers a reasonable 
price per kilowatt-hour to mitigate their commercial risk and thereby 
stimulate investment in larger capacity. Some policies directly promote 
renewables. One such is the renewable portfolio standard, which requires 
electricity distributors to source an increasing share of their primary 
energy from renewables. Renewable energy certificates create marketable 
instruments that producers can sell to distribution companies toward 
meeting the target renewable portfolio standard. Tax incentives like 
investment allowances and accelerated depreciation also help compensate 
for initially higher costs.

Pushing up capacity to generate electricity using renewables, by 
whatever means, accelerates the learning process and starts to bring down 
costs so that the longer-term economic benefits of cleaner energy supply 
can be realized sooner. The costs consequent of climate change could be 
very large, and public health costs associated with burning fossil fuels are 
bound to grow with their expanded use. There is economic benefit to be 
had by avoiding these costs sooner rather than later. Further, the massive 
energy market in Asia provides opportunity and room to introduce and 
develop new energy technologies that can be profitably sold to other 
countries wanting to expand their renewable energy sectors. Asia is 
already a world leader in the manufacture of state-of-the-art equipment 
for renewable technologies. The PRC, the Republic of Korea, and 
Taipei,China together produce most of the world’s photovoltaic equipment 
for solar generation.

Wind power
Wind power has been rapidly expanding throughout the world, including 
in India and the PRC. The potential in Asia is enormous. According to 
one study (Shah 2012), Mongolia and the PRC could each install over 
1 terawatt (1 million megawatts or 1,000 gigawatts) of wind capacity, 
which together would generate more than 3,000 terawatt-hours (TWh) 
annually. This is over 60% of the PRC’s total electricity consumption of 
4,937 TWh in 2012. Kazakhstan, Afghanistan, and Viet Nam could each 
install over 100 gigawatts (GW). The only country currently exploiting 
more than 5% of its potential is India, its 30% exploitation driven largely 
by an accelerated depreciation allowance. However, the wind resource is 
distributed unevenly across Asia, endowing a handful of countries with 
huge potential but leaving many with little. 

According to World Wind Energy Council, a leading industry 
association, the installed capacity of wind power in Asia in 2011 was 82.0 
GW, or 36% of the total world capacity of 237.5 GW and comparable to 
Europe’s 96.5 GW. By the end of 2012, global capacity had increased by 
19% to 282.5 GW. With 75.5 GW, the PRC leads the world, and India is 
ranked fifth with 18.5 GW.

Figure 2.3.1 shows the distribution of wind resources and installed 
capacity across Asia. Unlike the solar resource, variance is large, 
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leaving wind turbines becalmed or unable to safely absorb 
wind energy during storms. Sites need to have a mean wind 
velocity of at least 6 meters per second (22 kilometers per 
hour) to be viable. Improvements in design allow modern 
wind turbines to start generating power at a wind speed of 3 
meters per second and cut off at 25 meters per second. Larger 
rotor diameters to 127 meters and higher hub heights to 135 
meters enable turbines to absorb more of the wind energy and 
improve the economics, particularly if installed offshore. 

Wind is commercially more competitive than photovoltaic 
generation but not yet competitive enough to compete 
commercially with conventional forms of generation because 
it is too intermittent, hobbling wind with low capacity factors. 
Forecasts show the levelized cost of wind power falling by 
20%–30% from current levels by 2030, making it nearly 
competitive with other forms of generation (Figure 2.3.2). 
The levelized cost is determined considering all operational 
costs, using a discount rate to spread the capital and financing 
cost over the life of the project, and including a reasonable 
return on investment.

If coal and gas prices were to escalate over this time frame, 
the relative economics of wind would improve accordingly. 
Challenges remain, however, to integrating this intermittent 
resource into the power grid. These challenges are complicated 
by wind resources’ often being most bountiful in locations 
distant from demand centers, requiring lengthy connections 
with power grids. 

In sum, wind power has numerous advantages over 
conventional power. Renewable resources are naturally 
available, so the primary energy resource costs nothing. Wind 
is virtually free of GHG emissions and emits no other air 
pollutants. Yet the prospects of wind power becoming cost 
effective within the forecast horizon is uncertain. If wind 
technologies are further developed at an accelerated pace, the 
day they become cost competitive can be brought forward. 
Small wind turbines are available that can provide electricity 
to small communities in remote locations cost-effectively 
because the locale makes other options expensive. They can 
thus help expand access to energy, but making it affordable to 
poor households requires public financing. As wind turbines 
require regular maintenance, this option also requires skilled 
maintenance staff.

Solar power
Solar power has been developed in two main directions, one using 
photovoltaic (PV) technology and the other concentrating the sun’s rays 
to heat water directly.

PV cells convert solar energy into electricity using semiconductors 
of two types. The more common crystalline silicone type is 14%–20% 
efficient. The other type, which uses a thin film, is less than 12% efficient 
but is cheaper to make and more suitable for places with sunlight 

2.3.1 Installed capacity and technical potential for wind
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broken up and reflected by, for example, clouds and nearby structures. 
A panel’s capacity factor is a measure of its effective utilization. A solar 
panel rated for 1 kilowatt (kW) can theoretically produce 8,760 kilowatt-
hours (kWh) annually. However, actual output depends on the amount 
of energy in the sunlight, which depends on the location, daylight 
hours, cloud cover and how it reflects light, and ambient temperature. 
Considering these uncontrollable nature-linked parameters, the actual 
output of a 1 kW solar panel may be only 1,300 kWh in a year. That works 
out to a capacity factor of 15%, which is typical.

Concentrated solar power uses an array of mirrors to cause the sun’s 
rays to converge on a central tower to heat fluid and raise steam to run a 
turbine, much as in a conventional thermal power plant. This technology 
has the option, with added cost, to store solar energy in salt solution and 
use it to generate electricity at night. Several configurations are used to 
concentrate the solar energy, their efficiencies ranging from about 10% for 
flat mirrors to over 30% for centralized towers and parabolic dishes. 

Photovoltaic technology has been applied various ways since the 
1960s. Despite being safe, clean, and extremely reliable, and its requiring 
no fuel and little maintenance, it has always been too expensive to achieve 
grid parity, or the ability compete commercially on the grid without 
subsidies. This drawback may be changing, however, as the decades-long 
decline in PV module prices has accelerated in the last 5 years, leading 
some to speculate that grid parity is likely by the mid-2010s. 

Should grid parity be achieved, it will have immense implications for 
all Asian countries, as they all need more power sources and have solar 
resources ranging from good to excellent. However, availability only 
during daylight hours, combined with the challenges of finding large 
tracts of land to accommodate large PV capacity, may limit penetration 
unless cheaper storage is developed. Meanwhile, PV is already the 
cheapest way to electrify small communities remote from the grid and 
thus has a potential role in providing electricity to hundreds of millions 
of Asians currently without power.

Asia’s solar resource is shown in Figure 2.3.3. Lighter, more energetic 
colors indicate areas with more sunlight. Places close to the Equator 
have more hours of sunshine annually, but islands and coastal areas have 
more cloudy days that diffuse the sunlight. The sun is weaker at higher 
latitudes and never directly overhead, requiring that PV panels be fixed at 
an incline to capture the most solar energy. PV panels that track the sun 
as it rises and sets every day capture more sunlight than do fixed ones but 
with higher capital and maintenance costs for the tracking device. 

Tilting and tracking even out spatial variation in the solar resource. 
From the worst site to the best site in Asia, the capacity factor for fixed 
arrays varies from 10% to 20%, and most sites across the continent can 
achieve at least a capacity factor close to 16%. Thus, tilting and tracking 
makes solar energy accessible virtually anywhere in Asia. 

PV technology has become cheaper over the decades it has been 
commercially available, and recently at an accelerated pace. The cost 
of crystalline silicon modules fell from about $80/watt in 1977 to less 
than $10/watt by the late 1980s and $4/watt in early 2008 (Economist 
2012). At this point the price dropped off a cliff, halving in 2008-2009. 
Suppliers ramped up production to obtain subsidies offered to renewable 
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energy installations in Canada, Germany, and Spain, and they shifted 
manufacturing to lower-cost producers in the PRC that already had 
the skills for manufacturing semiconductors. Rapid cost declines have 
continued since then—recently reaching $0.70/watt—with radical 
implications for the PV industry. Module manufacturers have expressed 
some concern about overcapacity and low price, but production continues 
to expand as they find new ways to cut costs and learn from experience. 

By the end of 2011, the global installed capacity of grid-connected PV 
systems was over 69 GW, which could annually produce 85 terawatt-hours 
(TWh), enough to power more than 20 million households (European 
Photovoltaic Industry Association 2013a). Preliminary estimates indicate 
that the installed capacity crossed the 100 GW threshold by the beginning 
of 2013, assuming additions in 2012 at the same pace as in 2011 (EPIA 
2013b). Notably, six countries in Asia and the Pacific have over 100 MW 
of grid-connected PV systems: the PRC with 7,000 MW, Japan 6,914 MW, 
Australia 2,200 MW, India 1,461 MW, the Republic of Korea 963 MW, and 
Thailand 360 MW.

How will PV prices evolve over time? Figure 2.3.4 compares the 
levelized cost of solar power from utility-scale plants (generally with 
capacity above 10 MW) with some conventional technologies. It suggests 

2.3.3 Solar resource in Asia
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Notes: Color bar shows average global radiation on the horizontal in kWh/m2. For selected locations, the capacity factors for fixed arrays and tracking 
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Source: Meteonorm. www.meteonorm.com.



Asia’s energy challenge  83

that even by 2030 PV-generated electricity will struggle to 
compete with large hydropower, cheap coal, nuclear, and cheap 
gas at today’s prices. However, if coal and gas prices were 
to escalate significantly over this time horizon, solar could 
become more competitive.

PV installations can be integrated into the grid from a 
central plant, as with conventional power plants, or distributed 
around many locations on the grid. Distributed systems can 
be mounted on roofs and facades, minimizing land use and 
providing power close to where it is consumed, which reduces 
losses in transmission. 

Concentrated solar power also has potential to contribute. 
Investment costs for concentrated solar power systems range 
from $3,800/kW without storage to $7,700/kW with storage, for 
an estimated levelized cost of electricity in 2009 ranging from 
$0.18–$0.27/kWh. Continued development is expected to halve 
the cost by 2025. US and European research and development 
programs envision even more dramatic cost reductions, 
targeting $0.05–$0.06/kWh by 2020 (Arvizu et al. 2011), which 
is cost-competitive with conventional alternatives. 

In the meantime, governments have offered subsidies to spur the 
development of solar power by the private sector. Many governments 
hope that such subsidies, while costly in the short run, will accelerate the 
development of cost-competitive technologies and provide net economic 
and environmental gains over the long term. 

In sum, solar power has numerous advantages over conventional 
power. The solar PV system is modular, so little technological change 
is needed for fitting individual homes, including even PV lanterns. It 
is virtually free of GHG emissions, and the primary energy source—
sunlight—is freely available and widely distributed, notably in remote 
locales with no access to the grid. 

PV is already cost competitive in many remote areas where the cost 
of extending electricity grids would be prohibitive: remote islands in 
the Pacific, the Philippines, and Indonesia; in the mountains of Bhutan 
and the PRC; and the sparsely populated plains of Mongolia. These 
installations use public finance and international aid, but, as PV system 
costs decline, so will the need for subsidies. Improvements in battery 
technology will enable households to tap PV systems at night, making it 
an attractive investment. The Energy and Resources Institute in India has 
led the global distribution of solar lanterns that provide basic but clean 
light to poor households.

However, the prospects of utility-scale solar power becoming 
cost effective within the forecast horizon are uncertain unless 
more investment is forthcoming to further develop the technology. 
Satellites can assist evaluation of solar potential in a particular region, 
but assessments of capacity factor at specific locations, and thus of 
commercial solar potential, requires gathering data on the ground. 

Hydropower
Hydropower has a number of attractive attributes. It is a clean resource 
with few GHG emissions and virtually no other pollutants emitted during 

2.3.4  Projected levelized cost for utility-scale photovoltaic 
systems compared with conventional generation, in 
the People’s Republic of China
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operation. It is renewable, and once initial capital costs have been borne it 
provides energy extremely cheaply. In addition, large hydropower projects 
are commercially viable and do not require financial support from 
governments. Hydropower plants that reliably store energy behind a dam 
complement intermittent solar and wind energy and can respond quickly 
to variations in power demand to help maintain reliable electricity supply.

Hydropower technology is well established, and projects can be 
flexibly designed for an array of conditions. Some tap high volumes of 
water flow with little difference in height between the turbine intake 
and outlet, while others tap low volume falling greater distances. Some 
use reservoirs with several months of storage to allow power generation 
during dry seasons, while others depend on continuous water flow. Some 
pump water up to the higher reservoir when power demand is low to use 
it to generate electricity during peak demand hours. Micro hydro can 
serve the needs of a small community. A cascade of several dams can 
be built on a single watershed to generate power from the same water 
repeatedly. 

Asia has substantial undeveloped hydro resources, only 20% of 
which have been developed (IEA 2013). As Asia’s developed hydropower 
capacity in 2010 was 337 GW (EIA 2011d), total hydro potential 
approaches 1,700 GW (Table 2.3.1).

The aggressive expansion of hydro would entail some 
problems. Local opposition to hydropower development can 
be strong, as is clear in India. Conflicts often arise over the 
loss of agriculturally productive land and the need to resettle 
communities. Further, the communities that lose their land 
and homes to a new reservoir often do not benefit when water 
is diverted into canals for irrigation downstream. Tensions 
run higher when rivers cross international frontiers or even 
provincial boundaries. Environmental concerns extend to 
the loss of scenic valleys, habitat destruction, and fishery 
disruption. 

A wild card is climate change. It may alter precipitation 
and thus river flows in a developed catchment, rendering 
reservoir storage capacity far from optional. Interestingly, 
the more violent storms and extended droughts that global 
warming is expected to cause will require greater water storage 
capacity for irrigation and flood prevention. This could make 
building dams for hydropower simultaneously part of a larger 
strategy to address climate change. 

The capital cost of a hydropower project is site-specific and varies 
a lot depending on the civil works needed to build the dam and the 
reservoir. The levelized cost of energy similarly varies a lot but is 
generally $0.04–$0.10/kWH, which makes it very cost-competitive. 

In the end, all renewables escape the fate common to oil, gas, 
coal, and fission-based nuclear—the potential of being consumed to 
exhaustion. In the long run, absent the successful development of 
truly breakthrough technologies, only renewables can sustain future 
generations indefinitely. Therefore, the question is not whether Asia 
should invest in renewable energy but how quickly and how much. The 
primary obstacle to renewables—that they are for the most part not yet 

2.3.1 Top ten hydropower producers

Country
Hydro electricity 

(TWh)
Share of electricity 

generation (%)

PRC 694 14.8

Brazil 403 80.2

Canada 376 62.0

United States 328  7.6

Russia• ••• • • ••••• • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••65 15.7

India 132 13.1

Norway 122 95.3

Japan  85  7.8

Venezuela  84 68.0

Sweden  67 42.2

PRC = People’s Republic of China, TWh = terwatt-hour.

Note: These numbers do include electricity imports such as those 
from the Itaipu hydropowerplant side of Paraguay to Brazil, which 
represent almost half of this hydropower plant generation (36Twh).

Source: IEA 2012d.
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cost-competitive with alternative sources—will inevitably diminish with 
time and technological progress. 

Biofuels
Biofuels emit greenhouse gases, as do such conventional fuels as gasoline 
and diesel. However, they are produced from biomass, 
which sequester carbon dioxide from the atmosphere for 
photosynthesis while growing. Therefore, in principle, burning 
such fuels does not cause a net increase in atmospheric 
concentrations of carbon dioxide. Accordingly, their 
development and use can, in principle, advance environmental 
sustainability. Further, biofuels are liquids and therefore a 
convenient substitute for oil-based transportation fuels that 
can reduce the need for oil imports and enhance energy supply 
adequacy. 

World production of biofuels in 2011 was mostly 
concentrated in the US and Brazil. Asia accounted for only 
6% of total biofuel production, though it accounted for 13% of 
biodiesel production (Table 2.3.2).

The technical process for transforming biomass to biofuels 
is shown in Figure 2.3.5. The first generation of biofuels were 
made from the oil, starch, and sugar contained in cultivated 
crops. More recently, the technology improved to extract 
cellulose from non-edible vegetation—a second generation 
of biofuels—which minimizes competition with food 
production. The latest, third-generation technology, still at a 
pilot stage, uses algae grown in water bodies to avoid land-use 
competition. Ethanol and biodiesel are the main biofuels and 
can be added to gasoline and diesel. 

It has been about 10 years since the US and Europe 
implemented various policies and incentives to promote 
biofuel production. According to Agriculture Outlook 2012, 
co-published by the Organisation for Economic Co-operation 
and Development and the Food and Agriculture Organization 
of the United Nations, 65% of EU vegetable oil, 50% of 
Brazilian sugarcane, and about 40% of US maize production 
is used as feedstock for biofuel production. During 2009–2011, 
global production of ethanol averaged 98.2 billion liters (equal 
to 8.6% of gasoline use by volume) and of biodiesel 21.3 billion 
liters (3.1% of diesel). High global oil prices have been a major 
factor behind such high production, which is projected to 
double by 2021. The leading Asian producers of ethanol are the 
PRC at 8,094 million liters, India at 1,976 million liters, and 
Thailand at 777 million liters, and of biodiesel Thailand at 664 
million liters, Malaysia at 563 million liters, and Indonesia at 
397 million liters. 

However, the current generation of biofuels has three significant 
problems. First, biomass cultivation, transportation, and processing 
requires energy that must be subtracted from biofuel energy content to 
arrive at net energy output. The net energy ratio, or energy available 
in biofuel per unit of energy used to produce it, is lowest converting 

2.3.2 Global biofuel production, 2011

 
Percent of world production, 

2011

 
Fuel 

ethanol Biodiesel
Total 

biofuels

North America 62.9 16.3 53.0

United States 60.8 15.6 51.2

Central and South America 27.8 25.6 27.4

Brazil 26.2 11.4 23.1

Europe  4.9 44.0 13.2

Asia and Oceania  4.3 13.2  6.2

People’s Republic of China  2.6  1.9  2.5

India  0.4  0.5  0.4

Thailand  0.6  2.5  1.0

Indonesia  0.0  5.0  1.1

Source: EIA 2011d.

2.3.5  Technology pathways to transform biomass into biofuel
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maize to ethanol. Depending on the production process, the ratio is 
four times or more for cellulosic biomass and biodiesel. Second, the 
first-generation biofuels compete with food production by directly using 
food crops or land used to grow them. With its large poor population, 
Asia already faces challenges producing enough affordable food. Food 
security could be jeopardized if too many farmers chose to switch to 
biofuel crops. Third, biofuels are not yet cost-competitive with traditional 
transportation fuels, typically requiring significant subsidies.

Research is under way worldwide to address the first two issues 
by producing biofuels from materials that do not compete with food 
production, using the so-called “cellulosics” in crop residues, plants with 
high-energy content that grow well on degraded land, and algae. At this 
point these technologies are not yet cost-competitive, but if they reach 
fruition they could make a substantial contribution. In the meantime, 
according to the IEA, ethanol from sugarcane currently being produced 
in Brazil and Thailand, shows significant potential to mitigate GHG 
emission, if no indirect land-use change occurs (IEA 2011c). The analysis 
shows lifecycle net GHG gains from using biofuels made from palm 
oil produced in Indonesia and Malaysia, the world’s largest producers. 
However, other analyses conclude that net gains from biofuel production 
are illusory owing to land-use changes to support their production 
(EPA 2012).

As with solar and wind, biofuels other than ethanol are not yet cost-
competitive. The IEA shows the cost of producing conventional biodiesel 
in 2011 at nearly double that of gasoline and projects it remaining 
more expensive than gasoline for the foreseeable future. On the other 
hand, the IEA projects ethanol costs falling below gasoline costs before 
2020 because of scale expansion and efficiency improvements. Third-
generation biofuels from cellulosics, both ethanol and biodiesel, are 
not projected to become cost-competitive with gasoline until sometime 
around 2030 (IEA 2011c).

In lieu of cost-competitiveness, the rapid growth of biofuel production 
in Asia and elsewhere has been driven by biofuel subsidies. In Asia, the 
governments of the PRC, Indonesia, and Malaysia in particular provide 
subsidies. One study estimated that biofuels subsidies in the PRC in 2006 
amounted to $115 million, or roughly $0.40/liter, and projected that such 
subsidies would reach about $1.8 billion by 2020 (International Institute 
for Sustainable Development 2008). The study found comparably large 
biofuels subsidies for Indonesia in 2006–2008.

In sum, the prospects of biofuels improving energy supply adequacy 
and environmental sustainability depend heavily, as with solar and wind, 
on aggressive investment in new technologies that will reduce their cost 
and overcome land-use conflicts. 

Other renewables
Other renewable energy sources will supply clean energy in locales where 
natural conditions enable their deployment. While their contribution to 
Asian energy supply will be limited, geothermal energy and perhaps the 
expanded use of tidal and ocean current power will bring advantages 
where they can be implemented cost-effectively, helping to leave no stone 
unturned in Asia’s quest for clean energy (Box 2.3.1). 
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Expansion of non-renewables
While renewables offer considerable promise, fossil fuels will continue to 
play a key role in the time horizon considered here. The current forecast 
shows natural gas use increasing over the forecast period along with coal, 
and a modest increase in nuclear power. But is there an opportunity to 
expand these fuels in a way that is clean and safe? Gas is cleaner than 
coal, and existing and emerging technologies may enable the use of 
coal in a more environmentally sustainable way. These questions are 
examined next.

Unconventional gas 
The current forecast shows natural gas production more than tripling over 
the forecast period, increasing its share of supply from about 10% to 16%. 
But might this picture be improved with more aggressive development of 
unconventional gas supplies? Recent experience in the industrialized world 
shows that unconventional gas has the potential to come online quickly 
and to significantly change the energy supply picture. 

The appeal of this idea is great. Unconventional gas resources such 
as shale gas and coal bed methane offer the promise of replacing coal 
in power generation and oil in producing certain petrochemicals. Shale 
gas and coal bed methane are chemically equivalent to conventional 
natural gas. 

The conventional way to produce natural gas is to drill and extract it 
out of “traps,” or folds and pockets in underground sedimentary layers. 
Natural gas also exists in deeper layers, typically shales, from which the gas 
found today in the shallower traps migrated in geologic time (Figure 2.3.6). 
This “source rock” is much easier to find than traps and contains much 
larger quantities of gas. Traps are sparsely distributed compared with the 
source rock that extends over large areas in a basin. This resource has 

2.3.1 Other emerging technologies

Geothermal energy. The installed capacity of geothermal 
plants in the Philippines is second only to the US, 
contributing 17% of the country’s electricity supply 
(Philippine Department of Energy 2011). Further, the 
Philippines plans to expand geothermal capacity by 75% 
by 2027 (Philippine Daily Inquirer 2011). It is also used in 
Indonesia.

Geothermal has minor and manageable environmental 
impacts (Goldstein et al. 2011). Some consider geothermal 
a renewable resource, but if production exceeds rates of 
heat replenishment, geothermal reservoirs deplete much 
as do conventional oil and gas reserves. As these resources 
are exploitable only where the earth’s mantle has intruded 
far enough into the crust to allow access—normally at the 
boundaries of tectonic plates—their general potential is 
limited. 

Tidal and ocean current power. Ocean currents are used 
to drive turbines similar to wind turbines, or small dams 

are constructed to take advantage of tidal rise and fall. 
Without major policy changes, worldwide generation is 
forecast at around 12 TWh/year in 2030 and 25 TWh/
year in 2050. This is less than 0.1% of developing Asia’s 
projected electricity requirement. When it is commercially 
available, this technology can be used to provide cheap 
and clean energy needed by communities living on small 
islands in the Pacific, the Philippines, and Indonesia. 

Landfill gas. Organic matter in municipal solid waste 
produces this gas, largely methane, as it decomposes. 
Capturing landfill gas for use in homes or power plants 
converts waste into energy and reduces emissions of 
this methane, a potent GHG emissions. While capturing 
landfill gas is logical, environmentally sound, and in many 
cases economically attractive, it is a very small source that 
cannot contribute greatly to Asia’s energy requirements. 
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long been known to be large, but 
it was harder to exploit because 
the rock is impermeable and thus 
resistant to fluid flows. Further, the 
productive sedimentary layers span 
a thin vertical distance, meaning a 
vertical well cannot access much of 
the formation’s resource. The recent 
revolution in shale gas production 
arose as two technologies came 
together. Horizontal drilling 
allows operators to drill down to 
the deeper shale and then drill 
horizontally across the formation to 
efficiently access a rich vein of the 
shale. In hydraulic fracturing, or 
“fracking,” explosive charges first 
fracture the shale seam and then 
hydraulic fluid is pumped in to 
expand the fractures and allow gas 
to flow freely to the surface when the fluid is removed. These technologies 
have rendered accessible large volumes of gas. In the US, the shale gas share 
of all gas production exploded from 8% in 2007 to 30% in 2011 (EIA 2013b).

Many coal seams and surrounding rocks are also rich in methane, 
the main constituent of natural gas. As with shale gas, horizontal drilling 
provides access to rich underground coal seams, and the methane flows 
out because it is under pressure. 

Other types of unconventional gas are not yet technically viable or 
commercially competitive. “Deep gas” existing in deposits at depths 
of 5 kilometers or more is exploitable with current technology but 
more expensive than conventional gas. Gas under extreme pressure in 
geopressurized zones may be abundant but is technically difficult to 
extract owing to these zones’ extreme depth and pressure. Methane 
hydrates are icy materials containing gas that are found in marine 
sediments and Arctic regions. The United States Geological Survey (2013) 
conservatively estimates the carbon bound in gas hydrates globally to 
be twice as abundant as in all other known fossil fuels. They are highly 
volatile, however, and the technology to exploit them safely is not yet 
developed.

To the degree that natural gas, whether from a conventional or 
unconventional source, can replace coal in power generation, GHG 
emissions will fall because gas burns more cleanly than coal. Distributed 
directly for end use, its impact on GHG emissions is even higher. What 
is more, to the extent that gas can replace electricity in end uses, it can 
multiply its benefits in terms of energy efficiency and environmental 
protection compared with any fossil fuel used to produce electricity—
including itself. To the degree gas can replace oil, it can enhance energy 
supply adequacy. The significant quantities of unconventional gas 
coming online can keep prices low, thus advancing affordability. But 
realizing any of these benefits requires more gas than is foreseen in the 
current forecast.

2.3.6  Natural gas formations: conventional versus unconventional gas

Source: Ross, forthcoming. Reprinted from Department of Mines and Petroleum 2013, 
with permission of the Department of Mines and Petroleum of Western Australia.
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Asia’s unconventional gas potential
Asia almost certainly has significant reserves of unconventional gas. 
What is uncertain is where it is and how much of it is technically 
recoverable (IEA 2012a,b, Rogner 1997, McGlade et al. 2012). Regional 
assessments of unconventional gas have existed for over a decade, but 
there is only one publicly available basin-by-basin study for shale gas 
using a consistent methodology across countries (EIA 2011c). The study 
is based on work performed by Advanced Resources International 
(Kuuskraa 2009). Within Asia, the EIA study identified three promising 
countries—the PRC, India, and Pakistan—and compared the estimate 
of their technically recoverable shale gas resource with their proven 
conventional natural gas resources (Table 2.3.3). The PRC has the largest 
shale gas resources in the world, nearly 20% of the global total. The US, 
Argentina, Mexico, and South Africa complete the top five. 

The PRC’s coal bed methane resources are likely the largest in Asia 
outside of the Russian Federation, with gas “in place” (i.e., identified 
but not necessarily technically or economically recoverable) at depths 
within 2 kilometers measuring 34 gigatons of oil equivalent (GToe); this is 
comparable to the PRC’s conventional gas resources and places it second 
not only in Asia but in the world. These resources are spread widely 
throughout the country (Figure 2.3.7).

Shale gas resources in India and Pakistan have received less 
attention than those in the PRC and, in the light of conflicting studies, 
are less certain. The EIA–Advanced Resources International study 
identified five priority basins (in orange in Figure 2.3.7), including one 
in Pakistan, and identified several other basins (in yellow) that were 
either unsuitable for gas production or lacked the data required for a 
resource assessment (EIA 2011b). The gas in place is estimated to be 
7,536 MToe in basins in India, 1,653 MToe of it technically recoverable, 
and 5,346 MToe in basins in Pakistan, 1,323 MToe of it technically 
recoverable. Uncertainty points to the need to better characterize these 
resources. 

India’s coal bed methane in place has been estimated to be as high as 
4.2 GToe (Ojha et al. 2011) or even 5.2 GToe (Dart Energy 2013). The most 
promising area is the Damodar Basin (Figure 2.3.8), particularly the Jharia 
Coalfield (Ojha et al. 2011).

Shale gas resources in Indonesia may be substantial but have not been 
subject to much independent assessment. One study by the Bandung 
Technical University estimated the country’s “resource” at 26 GToe 
(Wah 2011). The Indonesian government Ministry of Energy and 
Mineral Resources advertises 8.7 GToe of “shale gas potential” (Focus 
Reports 2012). Indonesia’s coal bed methane resources appear to be large, 
exceeding those of the PRC, but have seen little development because 
of policy restrictions and are surrounded by uncertainty. One study 
suggests that the technically recoverable resource spread throughout the 
archipelago might be 1,300 GToe, an amount equal to one-third of the 
country’s conventional gas reserves. The most promising area is South 
Sumatra, where 4,800 MToe of gas in place was estimated to exist in 
coal bed seams at depths of 300–1,000 meters. The Barito and Kutei coal 
beds of Kalimantan are estimated to contain similar quantities of gas 
(Figure 2.3.9). 
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2.3.3 Shale gas resources for 34 countries

Proved conventional 
gas reserves

Technically recoverable shale gas 
resources

Fraction of total shale 
resources of 34 countries 

studieda

Shale gas rank 
among 34 countries 

studieda

TCF Gtoe TCF Gtoe %

Europe

France 0.2 0.01 180 4.67 2.7 12

Germany 6.2 0.16 8 0.21 0.1 31

Netherlands 49 1.27 17 0.44 0.3 27

Norway 72 1.87 83 2.15 1.3 13

U.K. 9 0.23 20 0.52 0.3 23

Denmark 2.1 0.05 23 0.6 0.3 21

Sweden 41 1.06 0.6 20

Poland 5.8 0.15 187 4.85 2.8 11

Turkey 0.2 0.01 15 0.39 0.2 28

Ukraine 39 1.01 42 1.09 0.6 19

Lithuania 4 0.1 0.1 33

Others 2.71 0.07 19 0.49 0.3 24

North America

United States 272.5 7.07 862 22.37 13 2

Canada 62 1.61 388 10.07 5.9 7

Mexico 12 0.31 681 17.67 10.3 4

Asia

PRC 107 2.78 1,275 33.09 19.3 1

India 37.9 0.98 63 1.63 1 15

Pakistan 29.7 0.77 51 1.32 0.8 17

Australia 110 2.85 396 10.28 6 6

Africa

South Africa - 485 12.59 7.3 5

Libya 54.7 1.42 290 7.53 4.4 8

Tunisia 2.3 0.06 18 0.47 0.3 26

Algeria 159 4.13 231 5.99 3.5 9

Morocco 0.1 0 11 0.29 0.2 29

Western Sahara - 7 0.18 0.1 0.32

Mauritania 1 0.03 0 0 0 34

South America

Venezuela 178.9 4.64 11 0.29 0.2 30

Colombia 4 0.1 19 0.49 0.3 25

Argentina 13.4 0.35 774 20.09 11.7 3

Brazil 12.9 0.33 226 5.86 3.4 10

Chile 3.5 0.09 64 1.66 1 14

Uruguay 21 0.54 0.3 22

Paraguay 62 1.61 0.9 16

Bolivia 26.5 0.69 48 1.25 0.7 18
a Includes Western Sahara and a grouping of countries in Europe (Others: Romania, Hungary, and Bulgaria).

Gtoe = giga ton of oil equivalent, TCF = trillion cubic feet.

Source: EIA 2011a.
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2.3.7 The PRC’s unconventional gas resources
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Were Indonesia to achieve a reserves-to-production ratio comparable 
to the PRC’s, it would be producing about 50 Mtoe/year of coal bed 
methane gas by 2030.

Challenges to shale gas production
The rapid expansion of shale gas production in the US prompted 
predictions that the country would become a net exporter of liquefied 
natural gas by 2016 and a net exporter of natural gas overall by 2020 
(EIA 2012c). This prediction is contentious. 

Uncertainty is even greater for Asia. The ambitious shale gas targets 
set by the Government of the PRC and the interest expressed by the 
governments of India, Indonesia, Kazakhstan, and Pakistan in exploiting 
their shale gas resources reflect the enthusiasm of the last several years. 
Many in government and industry expect to see an Asian echo of the 
North American shale gas boom. 

But the North American shale gas revolution may not be easy to 
repeat in Asia. The Asian situation differs from that in North America 
in a number of ways that may challenge shale gas production. And the 
cost of extracting shale gas may be higher in Asia than in North America, 
compromising its ability to supplant other fuels or sources of gas.

The challenges facing Asian shale gas development include the 
following: 

•	 More challenging geological conditions. Relative to gas shales in 
North America, many in the PRC appear to be smaller, deeper, 
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2.3.8 India and Pakistan’s unconventional gas resources
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more complex, and higher in clay content, which makes fracturing 
difficult (Lelyveld 2012, Kim et al. 2012, Katakey et al. 2012).

•	 Lack of geological data. Successfully producing shale gas requires 
a good understanding of regional geology. In North America, 
good data covering large prospective areas has accumulated 
through decades of conventional drilling and seismic surveys 
(Butkiewicz 2012). Not so in Asia.

•	 Development on densely populated land. Unlike in North 
America, many prospective shale gas production areas in the 
PRC, India, and other parts of Asia are heavily populated. This 
means more involuntary resettlement and environmental impact 
in Asia. Even when the required land area is minimized by 
drilling only one wellhead, from which sprout multiple horizontal 
wells, each wellhead may require a thousand truck trips over a 
period of several weeks to transport water and equipment for the 
drilling. Pipelines for collecting the gas from wellheads and roads 
for moving heavy vehicles will require space. 

Exporting the shale gas revolution to Asia will require creative policy 
approaches that attend to these challenges.
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2.3.9 Indonesia’s unconventional gas resources
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While natural gas produces lower GHG emissions than coal when 
burned to generate electricity, it is not as clean as nuclear or most 
renewables. A concern is that leakage of methane, a powerful GHG, can 
occur during production, separation, transmission, and distribution. 
A further concern is that shale gas development risks groundwater 
contamination if not prudently undertaken, including the proper 
treatment and disposal of water and debris from boreholes. The land 
used for drilling and surface works needs to be restored after drilling, 
which could become a contentious issue with the local populations 
who see restoration as incomplete. High disclosure standards and 
effective enforcement capacity will have to be built before the large-scale 
production of shale gas can start. 

Moreover, current shale gas production technology uses copious 
amounts of water. Competition for water to meet local agricultural and 
domestic needs may place serious constraints on the rate at which shale 
gas can be developed. 

In 2012, the IEA published its golden rules for a golden age of gas, 
outlining the standards and protocols they believe will permit the 
environmentally sustainable development of unconventional gas. 

If available in sufficient quantities, natural gas from shale and 
coal bed methane could replace a certain portion of naphtha used for 
petrochemicals, thus reducing the need for oil imports and advancing 
energy supply adequacy. However, unless these supplies also contain 
sufficient quantities of readily separable natural gas liquids—heavier 
substances extracted from “wet” gas prior to transmission—totally 
displacing oil-derived petrochemicals is technically impossible.

On the whole, the aggressive development of unconventional gas 
has the potential to enhance supply adequacy, affordability, economic 



94  Asian Development Outlook 2013

growth, and environmental sustainability, if environmental impacts 
can be carefully managed. But the magnitude of the resource that can 
be developed is uncertain, as is the rate at which it can be produced in 
Asia. Serious issues of environmental and population disruption need to 
be tackled. While not a truly clean resource, unconventional gas could 
provide a cleaner bridge to a future less dependent on fossil fuels.

Nuclear power
The proposition that nuclear power should be expanded in Asia is fraught 
with contention. But a responsible accounting of Asia’s energy challenge 
is incomplete without a discussion of the pros and cons of initiating or 
extending a nuclear energy program, and of the challenges facing policy 
makers who must grapple with this thorny issue. Countries will reach 
their own conclusions based on their individual situations.

There are 437 reactors in commercial operation worldwide with a total 
installed capacity of 372,325 MW (IAEA 2012a). The installed capacity 
share of Asia and the Pacific is 23.6%, and actual generation share is 
18.6%. Asian countries with installed nuclear power capacity are Armenia 
with 375 MW, the PRC 12,816 MW, India 4,391 MW, Japan 44,215 MW, 
the Republic of Korea 20,754 MW, Pakistan 725 MW, and Taipei,China 
5,018 MW. 

As of the end of 2012, the construction of new nuclear capacity had 
swung heavily toward Asia, with over 57.5% of new generating capacity 
in developing Asia (Figure 2.3.10). Despite some Asian countries’ 
reevaluating their nuclear programs in the aftermath of the Fukushima 
disaster, most current construction of nuclear plants is in Asia. 

Nuclear power compares favorably with other options by measures 
of GHG gas emission and air pollution. While nuclear is not completely 
without GHG emission, it ranks with hydro and wind power as a low 
emitter (Figure 2.3.11). Nuclear power plants, like renewables, emit during 
operation virtually no air pollutants such as nitrogen oxides, sulfur 
dioxide, or particulates.

Nuclear is cost-competitive with fossil fuels and cheaper than 
present-day renewables. The major financial impediment is the 
typically very large upfront capital cost. This is often 
exacerbated by extended schedules for clearing regulatory 
and permit hurdles. Yet, when evaluated on a lifecycle basis 
that incorporates the costs of construction, interest during 
construction, fuel, operation, maintenance, waste management, 
and decommissioning, nuclear compares favorably with 
conventional power plants (Figure 2.3.12).

This evaluation sidesteps widespread public concerns 
about nuclear safety, especially in the wake of the Fukushima 
meltdown. Additional public concerns exist over the handling 
and disposal of radioactive waste and associated risks. Finally, 
the expansion of nuclear power creates worry about the 
proliferation of nuclear weapons.

Historically, the nuclear industry saw huge growth until 
the 1970s, when interest dampened because of mounting 
safety concerns in response to two serious accidents, Three 
Mile Island in the US in 1979 and Chernobyl in what was then 

2.3.10  Distribution of nuclear power in major world regions 
(as of 31 December 2012)
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2.3.11  Life cycle greenhouse gas emissions of electricity generating options
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the Soviet Union in 1986. Interest in nuclear revived with the growing 
need to expand energy supply while limiting GHG emissions. Fukushima 
recently raised fresh concerns regarding safety, prompting Japan to 
conduct a full safety review of its nuclear plants, which continues today. 
The current situation is mixed, with some countries continuing to build 
nuclear plants, while others are more hesitant, and a few are pulling 
the plug on the nuclear option altogether. Germany, for one, plans to 
decommission all its nuclear power plants by 2022.

Phasing out existing nuclear power plants and not building new plants 
would necessarily create a power generation gap to fill. Without nuclear 
energy it would be more difficult for Asia to secure adequate, reliable 
energy supplies as it would remove one of today’s commercially viable 
energy source from the energy equation. Just as importantly, removing 
nuclear power would raise environmental sustainability issues, as it is a 
relatively clean energy source (Box 2.3.2).

The International Atomic Energy Agency’s action plan on nuclear 
safety, developed in response to the Fukushima disaster, aims to further 
strengthen the safety of nuclear operations globally; improve transparency 
and accountability along the entire nuclear chain; and enhance regulatory 
effectiveness, emergency preparedness, and the management of extreme 
accidents (IAEA 2011).

A contentious issue in nuclear power is how to manage radioactive 
waste. A number of planned repository projects have been assessed for 
potential radiation leakage for periods of up to 10 million years. These 
studies have shown low risk of serious radiation exposure. The design of 
nuclear reactors is also improving in terms of fuel cycling, which reduces 
the amount of waste needing disposal, and in terms of operational safety 
upgrades that alleviate the risk of accidents. Greater transparency and 
closer scrutiny of licensing and operating procedures are additional 
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safety-enhancing measures along with closer attention paid to disposal 
and decommissioning costs.

Completing the nuclear picture is the observation that experimental 
technologies have potential to overcome the difficulties of nuclear fission 
in the distant future (Box 2.3.3).

In sum, nuclear power holds the promise of minimizing GHG 
emissions and air pollution. It is cost-effective and becomes even 
more cost-effective if construction lead times can be shortened. Small 
modular reactors present a promising new development for speeding up 
construction. Safety risks arise from the possibility of nuclear accidents, 
and nuclear materials must be carefully handled and disposed of. There 
are some concerns about nuclear proliferation. Public opinion and 
geopolitical considerations will undoubtedly be key to determining the 
future of nuclear power in Asia.

Cleaner coal
Truly significant reductions in GHG emissions could be obtained by 
technologies that remove carbon and other GHG components from the 
emissions of coal- and gas-fired power plants. Asia’s energy future would 
have far different GHG consequences if the coal used for generation were 
made more benign regarding GHGs within the forecast horizon. 

GHG-benign coal requires carbon capture and storage (CCS) 
technology, which is at an early stage of development for power plants 
and thus very expensive. The CCS process has three key steps: carbon 
dioxide (CO2) must first be captured from the furnace exhaust or from 
fuel during preparation, then transported, and finally safely stored so 
it never leaks back into the atmosphere. The natural gas industry has 
used CCS for some time, routinely separating CO2 when treating natural 
gas. Norway has successfully stored CO2 separated from its natural 
gas in subsea aquifers since 1996. This technology has to be scaled up 
considerably before it becomes available for power plants. 

Several experimental projects have been announced in Australia, 
the PRC, Europe, the United Kingdom, and the US. However, progress 
has been very slow. Some Asian countries have shown interest and are 
studying the status of the technology, how CCS could be used to reduce 

2.3.12 Levelized cost of energy of generation options
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2.3.2 Greenhouse gas impact of phasing out nuclear power

Nuclear power plays a substantial role in Asia’s energy 
sector, especially in Armenia, the PRC, India, Japan, 
the Republic of Korea, Pakistan, and Taipei,China. The 
continent had 116 nuclear power reactors in operation 
at the end of 2012 (IAEA 2012a). Furthermore, nuclear 
power is expanding at a healthy pace throughout the 
region, which has 44 of the 67 reactors now under 
construction worldwide.

But the disaster at Japan’s Fukushima nuclear power 
plant in March 2011 has called into question the future 
of nuclear expansion in Asia and elsewhere. It prompted 
the authorities in Japan and elsewhere to reconsider new 
projects and to review the design and safety systems 
of all nuclear power reactors. This will likely delay 
nuclear expansion in Asia, affecting those plants already 
commissioned for construction or in the approval pipeline. 
This slowdown and a possible phasing out of nuclear 
power programs in some countries could compromise the 
adequacy of the region’s energy supply.

In response, governments need to accelerate the use 
of renewable sources, go back to fossil fuels, or both. 
However, renewable energy may not be an option in the 
short run, as it requires huge investments before it is 
ready for large-scale cost-competitive use. Issues regarding 
resource intermittency have to be resolved as well. Using 
fossil fuels to make up the shortfall would exacerbate Asia’s 
high dependence on imported oil, force up Asian energy 
bills, and heighten Asia’s exposure to supply disruptions. 

A hypothetical phasing out of nuclear power over the 
forecast period would cause a significant increase in fossil 
fuel use for power generation. If no new nuclear plants 
were built and existing plants were retired, the capacity 
lost by 2035 would be offset mostly by coal and gas. 
Renewables would make at best a modest contribution.

This phaseout is assumed to follow the pattern shown 
in the box figure.

If the nuclear phaseout were compensated using only 
one fossil fuel—coal, oil, or gas—the added emissions 
would be as shown in Box Table 1.

According to the IEA’s World Energy Outlook 2012, 
the actual mix of fossil fuel-based power generation was 
as follows in 2010: coal 78%, oil 4%, and gas 17.5%. 
Based on this mix, the range of carbon dioxide (CO2) 
emission from the three sources are 523.7–891.5 million 
tons of coal equivalent (MTCE) in 2025, 711.2–1,210.5 
MCTE in 2035, and 9,898.8–16,849.6 MTCE in  
2010–2035. By comparison, power generation in 2010 
emitted 3,625 MTCE in the PRC and 872 MTCE in  
India (IEA 2012a). Therefore, a nuclear phaseout in Asia 
from 2010 to 2035 would increase carbon emissions by  
220%–375% more than the combined emissions of the 
PRC and India in 2010. 

It is worthwhile to look at the impact of a nuclear 
phaseout on CO2 emissions from only the energy 
sector. World CO2 emissions from power generation in 
2010 amounted to 12,495 MTCE. Asia emitted 6,084 
MTCE and thus accounted for 49% of the global total 
(Box Table 2). Based on the World Energy Outlook’s new 
policy scenario, phasing out nuclear would increase the 
world power sector’s CO2 emissions by 3.6%–6.1% in 
2025 and by 4.8%–8.1% in 2035. And it would increase 
the Asian power sector’s emissions by 8.6%–10.8% in 2025 
and 7.8%–13.3% in 2035. The region’s ability to achieve 
sustainable growth with low GHG emissions would be 
uncertain without nuclear power. 
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1  Estimates of increased carbon dioxide emissions 
(million tons of coal equivalent)

2025 2035 2010-2035

Coal 574.2 – 957.1 779.8 – 1299.6 10853.9 – 18089.8

Oil 382.8 – 918.8 519.8 – 1247.6 7235.9 – 17366.2

Gas 336.9 – 597.2 457.5 – 811.0 6367.6 – 11288.1

2  Carbon dioxide emissions from power generation 
(million tons of coal equivalent)

2010 2025 2035

World 12,495 14,545 14,952

Asia  6,084  8,251  9,107
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industrial CO2 emissions, and what types of geological options 
exist for sequestering CO2. The Global CCS Institute in 
Australia has provided grants to several countries to undertake 
initial geological investigations. In 2012, the Republic of Korea 
opened the Carbon Capture and Sequestration Research 
Center to develop new CCS technologies (Korea Times 2012). 
Asia can be envisioned becoming a hub of technological 
leadership in developing CCS. After all, Asia is the world’s 
biggest user of coal, and CCS technology will help address its 
main drawback. 

International cooperation between technology leaders 
and Asian utilities and research centers can allow the 
implementation of multiple experimental CCS projects, and 
international financial assistance can help lower the cost burden 
of initial projects. Early development and deployment is a global 
public good, and burden sharing will reduce the time—and 
very likely the cost—of switching to this new, cleaner coal 
technology.

Carbon taxes or a market-based carbon pricing mechanism 
can provide the incentive to accelerate the development of CCS 
technology. Because technologies to economically store CO2 released 
by the burning of coal and gas would greatly curtail GHG emissions, 
promoting research, development, and demonstration projects that 
improve both the technology and its economics would present a major 
opportunity. IEA projects the existence of 22 GW of CCS capacity 
worldwide by 2020, growing to 1,140 GW by 2050. Of this, the IEA 
projects 2.5 GW in the PRC and India by 2020, rising to 365 GW by 2050 
(IEA 2009). 

CCS technology, when available commercially, will have potential to 
eliminate nearly all CO2 emissions from power plants using fossil fuel. 
In the meantime, ongoing incremental design improvements reduce such 
emissions. Designing boilers and steam turbines to operate at higher 
temperature and pressure packs more energy into the steam, improves 
efficiency, and thus reduces the amount of coal burned. These are known 
as “supercritical” and “ultra-supercritical” boilers, “critical” referring to 
the temperature and pressure above which steam will not turn back into 
liquid water. 

Supercritical and ultra-supercritical power plants have been in 
operation for some time in Japan and the PRC. Countries in Asia that 
plan a larger share of coal in their primary energy mix or have the 
capability to use related technologies include India, Indonesia, Viet Nam, 
Pakistan, the Republic of Korea, and Malaysia. These countries can 
lower their GHG emissions by using supercritical and ultra-supercritical 
technology for all new coal-fired power plants. Capital costs would 
increase marginally, by about 2%, but coal use and thus CO2 emissions 
would decline by 10%–15%. And lower fuel cost improves the economic 
viability of such projects. 

Considering the large and growing role of coal in Asia’s energy mix, 
the need to progress toward cleaner coal technologies is clear. Unlike in 
developed economies where electricity demand has flattened out, Asia 
will require expanded power generation. Given Asia’s needs and technical 

2.3.3 Nuclear fusion in the distant future

Nuclear fusion is far from ready for 
commercialization and, barring a spectacular 
technological breakthrough, will not play a role 
in the time horizon considered here. But nuclear 
fusion could eventually redraw the entire energy 
picture. Nuclear fusion would make possible 
clean electricity production without hazardous 
radiation. Clean fusion-based electric power 
would enable the clean operation of electric 
vehicles. It would also enable the production 
of hydrogen from seawater, creating a clean 
fuel to replace natural gas in all its uses. Huge 
investments have been made in the US and 
Europe to explore the feasibility of nuclear fusion. 
The potential of this technology is colossal, but 
the technical challenges are similarly daunting. 
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capabilities, the development of clean coal technology potentially offers 
immense environmental benefits—and commensurately large commercial 
opportunities. 

Summary: improved energy supply
The foregoing analysis lays out the opportunities and challenges associated 
with a wide range of energy supply sources—most of them depending on 
new technologies—that can help Asia achieve energy security. 

Each new energy source has its merits and shortcomings. Individually, 
their contribution to improving Asia’s energy security will be limited, but 
collectively the various sources can make a big difference, especially when 
combined with better demand management. Asia must therefore strive 
on all fronts to secure ample, affordable, and clean energy supplies. More 
specifically, Asian countries must aggressively explore and invest in a 
good mix of supply sources and technologies, in line with each country’s 
specific needs and comparative advantage. Developing these future 
technologies will often require government support in the early stages 
when they are a long way from commercial viability. While each source 
has its limits, every drop—every watt—counts. 

The different endowments—different comparative advantages—across 
the region suggest scope for gains from trade, if arrangements for cross-
border energy trade can be devised. Coordination across the region 
can make the most of individual countries’ efforts to boost their energy 
security.
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Fostering regional market synergies

Aggressive action to both manage demand and promote new, clean supply 
technologies can advance the cause of Asian energy security. But these 
advantages will not be fully realized without measures to bring demand 
and supply together more efficiently. Achieving Asia’s energy security will 
thus require cooperative programs that integrate energy delivery systems 
on a regional scale. 

Such programs have precedents, notably in Europe. And regional 
cooperation and integration is on the rise in Asia, as countries respond to 
a multitude of common challenges by pursuing closer links. This is true 
especially within Asian subregions. Growing regional ties are most visible 
in trade. East and Southeast Asian countries have formed a regional 
production network that has transformed the two subregions into Factory 
Asia. This brought the share of trade between member states of the 
Association of Southeast Asian Nations (ASEAN) to 21% of ASEAN’s total 
trade in 1998 and to 25% by 2010. Finance and labor market integration is 
more limited but also growing. After the 1997 Asian financial crisis, the 
governments of ASEAN+3 (adding the PRC, the Republic of Korea, and 
Japan) joined forces in the Chiang Mai Initiative, a multilateral currency 
swap arrangement with a foreign exchange reserve pool of $240 billion. 
Subregional transport connectivity is also intensifying, as evident in 
transport initiatives in the Greater Mekong Subregion and Central Asia 
Regional Economic Cooperation.

But cross-border energy markets and infrastructure connectivity have 
so far been largely ignored in regional cooperation and integration. This 
is unfortunate in light of rapidly rising energy demand in Asia, which 
makes energy security a region-wide challenge that would benefit greatly 
from a collective regional response. The lack of regional cooperation and 
integration is all the more glaring as jointly promoting energy savings 
and energy security would not require new technology or pose the high 
cost and financial risk developing it might entail. But it does require 
the political will to cooperate and the mutual confidence that makes 
cooperation possible.

Connected electricity and gas grids can create large regional energy 
markets whose economies of scale enable improved efficiency. Closer 
energy links can deliver a lot of gains even in the short term. Demand 
management and the expansion of clean, affordable energy supply become 
more effective with regional cooperation and integration. Asian countries’ 
complementary comparative advantages in the energy sector mean that 
the construction of energy trade infrastructure such as pipelines offers 
potentially huge benefits. This is evident in cooperation already achieved. 
Hydropower resources in the uplands of Bhutan, the Lao PDR, and 
Myanmar have been developed to provide clean, inexpensive energy to 
energy markets downstream in South and Southeast Asia. A natural gas 
pipeline supplies energy to Singapore from Indonesia. These regional 
projects have benefited energy buyers and sellers alike and have helped to 
constrain dependence on fossil fuels. Central Asia still benefits from the 
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interconnected power grid it inherited from the Soviet Union in terms of 
system reliability. 

Realizing cross-border synergy is technologically and commercially 
viable. What is missing is political commitment in Asian countries to 
cooperate in energy markets and build the necessary infrastructure. 

Integrating electricity and gas delivery systems
The potential benefits from cross-border coordination of electricity and 
natural gas networks are immense. Power system failures and gas supply 
disruptions have major consequences that can be mitigated by properly 
designing collective electricity and gas delivery systems. Designing 
them from the outset to optimize delivery without undue concern about 
borders enables cost minimization and energy efficiency gains.

Interconnected electricity systems
The incentives to interconnect electric power systems are strong in terms 
of improved reliability, more effective fuel conservation, and broader 
economic benefits. Larger systems typically deliver power at lower cost 
per kilowatt-hour than do smaller ones, owing to economies of scale and 
diversified generation mix. Interconnected systems reduce capital costs by 
sharing backup generation capacity. And larger systems generally use less 
primary energy per kilowatt-hour of electricity delivered.

Similarly, interconnection advances the cause of energy efficiency. 
Larger systems can generally accommodate larger baseload-generation 
units, which typically enjoy greater fuel-conversion efficiency than do 
smaller units. The larger and more interconnected the power systems, 
the greater the energy-efficiency gains. Large interconnected systems 
make it practical to implement large hydropower projects, as is evident 
in Central Asia, where building large dams for power generation in the 
Kyrgyz Republic or Tajikistan could not be justified if only for a small 
national system. 

Cross-border connections enable high-voltage transmission lines and 
direct connections that improve energy efficiency. Less electricity is lost 
in transit when it is transmitted at higher voltage. However, high-voltage 
lines are expensive to build and therefore economic only for transmitting 
large loads over long distances—often larger and longer than an isolated 
market can accommodate. High-voltage direct current connections 
improve grid stability and, by minimizing transmission losses, energy 
efficiency (Box 2.4.1). 

Regional cooperation and integration is already under way but has 
scope for expansion. Asia is a long way from having unified region-wide 
power grid as in Europe, but there is no reason why it cannot entertain 
this ambition. In the short run, most cooperation and integration is 
taking place in Asia’s subregions and among close neighbors. 

Bhutan’s exports of hydroelectric power are an example of win–win 
regional cooperation and integration. By virtue of its upstream location 
in the Himalayas, with rivers plunging rapidly down deep gorges between 
towering mountains, Bhutan has abundant hydroelectric potential. That 
the large and fast-growing neighboring Indian economy has a robust 
appetite for energy provides plenty of scope for mutually beneficial energy 
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cooperation and integration. In fact, India started helping Bhutan develop 
its hydropower potential in the early 1960s. India financed through a mix 
of grants and loans several large hydropower projects such as at Chukha 
with 336 megawatts (MW), Tala with 1,020 MW, and Kurichu with 60 MW. 

Much of the power generated by these hydroelectric projects was 
exported to India, providing India with much-needed energy and Bhutan 
with much-needed revenues. When northern India was hit by its worst 
power outage in a decade in July 2012, the Indian government turned to 
Bhutan for assistance. Bhutan responded by releasing additional power 
from its hydroelectric stations to kick-start India’s fossil fuel-based power 
plants. Today, Bhutan meets 1% of India’s electricity needs, and it entered 
into a deal to sell India 5.48 billion kilowatt-hours in the year from 
April 2012 to March 2013. Bhutan has 30,000 megawatts of hydropower 
potential, equal to about a fifth of India’s hydropower potential.

The Greater Mekong Subregion (GMS) is an illustrative example of 
large scope for cooperation and integration. The sheer diversity of the 
subregion’s resource base multiplies the huge potential gains achievable 
from regional energy integration. The GMS has enormous energy 
resource endowments. Realizing just half of its hydropower potential 
would generate 450 terawatt-hours, or almost double the subregion’s total 
electricity generation from all sources in 2010. In addition, the region is 
endowed with abundant coal deposits and promising gas and petroleum 
reserves. However, these energy resources are unevenly distributed across 
the subregion. Hydropower potential is abundant in the PRC’s Yunnan 
and Guangxi provinces, Myanmar, the Lao PDR, and Viet Nam, which 
together control 94% of hydropower resources in the GMS. Hydropower 
potential in Myanmar and the Lao PDR is huge relative to the countries’ 
populations and expected electricity needs. Myanmar, Thailand, and 
Viet Nam have natural gas; Viet Nam has most of the subregion’s oil; and 
Yunnan has the main coal deposits. 

2.4.1  Efficient transmission in interconnecting power grids

Most electricity worldwide is transmitted as alternating 
current (AC), the form of power produced by all electric 
generators and needed by end users for lighting, appliances, 
industrial processes, and other uses. The catch is that AC 
suffers high technical losses in transmission, making it a 
poor choice for maximizing energy efficiency. High-voltage 
direct current (HVDC) transmission loses less power in 
transit and has other technical advantages. The downside is 
that it has high capital costs because of the need to convert 
the original AC power into DC power for transmission 
and then back again to AC for distribution to customers. 
The high price tag on converters—called “rectifiers” for 
converting AC to DC and “inverters” for converting DC 
back to AC—can be justified economically only if the 
potential technical loses incurred transmitting large AC 
loads over long distances are high enough to cover the 
investment. That requires a big grid.

Other technical considerations can tilt the field in 
favor of HVDC transmission. In addition to lower 
transmission losses, HVDC transmission significantly 
improves the stability to the grid because energy 
flow over an HVDC interconnection can be precisely 
regulated. Further, the two AC systems at either end of an 
HVDC interconnection need not be synchronized with 
matching alternating frequency. This flexibility allows 
interconnection between countries using 60 alternating 
cycles per second (measured in hertz)—as in the Republic 
of Korea, the Philippines, Taipei,China, and parts of 
Japan—to neighbors using 50 hertz, as in the rest of Asia. 
Flexibility is further valuable in light of utility operators’ 
need to match supply to ever-changing and sometimes 
unpredictable demand.



Asia’s energy challenge  103

Cambodia, Thailand, and the PRC are net energy importers, while 
the Lao PDR, Myanmar, and Viet Nam are net exporters. In the GMS, 
regional cooperation and integration in energy have seen the most 
concrete progress in expanded hydropower trade among member 
economies. Thailand purchases hydropower that the Lao PDR generates 
at its Nam Theun 2, Nam Leuk, Nam Ngnum 2, and Theun Hinboun 1 
and 2 power plants. The Lao PDR has more plants under construction or 
in the pipeline. 

However, the growth of trade has been constrained by the failure 
to allow third party access to the transmission lines. One option is 
to develop a publicly owned high-voltage backbone line that various 
independent power producers could use to transfer power in exchange for 
paying so-called wheeling fees to the transmission owner. An example 
would be to construct a 500 kilovolt line in the Lao PDR connected with 
Thailand and Viet Nam toward optimizing the power systems of the 
three countries. To illustrate the advantages with an example outside the 
GMS, the 275 kilovolt transmission line on Borneo enables the export of 
230 MW of hydropower generated in the Malaysian state of Sarawak to 
the Indonesian province of West Kalimantan, where generation largely 
uses far more expensive and polluting oil. The arrangement improves 
the environment in West Kalimantan and mitigates greenhouse gas 
emissions. Cheaper electricity supply reduces central government power 
subsidies to West Kalimantan by $100 million/year. 

If GMS members similarly invested in regional energy infrastructure 
and institutionalized and systematized subregional cooperation and 
integration, they would be able to reap even greater benefits from their 
energy synergies and interdependence. A recent GMS study toward 
drawing up an energy master plan estimated that integrating power 
transmission in the subregion would save $14 billion over 20 years by 
substituting hydropower for power generation using fossil fuels. Further, 
it would reduce carbon dioxide emissions by 14 million tons per year by 
2020 (ADB 2012a).

Interconnected gas systems
Similar economies and efficiencies are realizable by connecting natural 
gas systems. Where gas endowments exceed domestic energy demand, 
interconnected energy markets would allow idle natural resources to be 
used like any other exportable commodity to create a revenue stream to 
help meet developmental needs. Cross-border gas pipelines also offer the 
opportunity to create gas distribution networks that economically serve 
the needs of communities along the route—communities that might 
otherwise not be served. As seen in the section on demand management, 
cooktops and furnaces can run on gas to avoid losing energy in electricity 
generation. Large pipeline networks operating at high pressure also 
provide storage capacity to help maintain a reliable supply during small 
technical interruptions. 

One prominent example of mutual benefit through regional 
interconnection is the gas pipeline running from Turkmenistan to the 
PRC, which was completed in December 2009. For the PRC, imports 
of Turkmen gas have augmented supply by an amount equal to half 
of domestic production, boosting the share of gas in PRC energy 
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consumption by 2 percentage points. This has replaced domestic coal 
and its higher emissions of greenhouse gases and pollutants, so the 
environmental benefits are sizable. For Turkmenistan, the pipeline has 
diversified its export market away from overly heavy dependence on the 
Russian Federation. More broadly, the pipeline will help to quench the 
PRC’s fast-growing thirst for energy while giving gas-rich Turkmenistan 
access to a large and growing energy market. 

Another example is the pipeline supplying gas from South Sumatra 
in Indonesia to Singapore for power generation. Singapore’s economy 
relies on services and high-tech industry, both of which place very high 
value on the reliability of power supply. Its diversification of suppliers to 
include Indonesia improved the city state’s supply security, and Indonesia 
acquired an assured revenue stream to use for development. Interestingly, 
before this arrangement the gas was used only to enhance oil recovery 
in the Indonesian state of Aceh, which imposed a higher transportation 
cost for a use with lower economic value. Gaining access to the Singapore 
energy market thus allowed Indonesia to boost the value of its natural 
endowment. Myanmar is similarly reaping benefit from a gas line 
connection to Yunnan Province in the PRC.

‘Smart grids’ to integrate renewables
As renewable energy sources grow, so-called “smart grids” that 
integrate renewables into the electricity network will play a bigger role 
in regional cooperation and integration. The fundamental reason is 
that renewable energy endowments are often remote from demand 
centers with lots of people and economic activity. Meanwhile, there is 
no reason to expect readily paired supply and demand centers to be in 
the same country. Wind power from thinly populated Mongolia can 
provide electricity to the PRC. Similarly, hydropower from Myanmar 
can provide electricity to the Bangkok metropolitan area of Thailand. 
Cost-effectively linking areas that offer ample renewable supply potential 
with populous, economically active markets through smart grids can 
catalyze the development of renewable energy in Asia. Without smart 
grids, renewable potential in thinly populated areas of Asia would be 
unexploited and wasted. 

As an energy system comes to depend more on renewables, it needs 
to become more intelligent. Solar and wind are intermittent resources 
that cannot be relied on to deliver power on demand. Solar is available 
only by day, and then unpredictably, depending on cloud cover. Wind 
is highly variable and likewise unpredictable. Wind barely correlates 
with times of high system demand, and solar correlates only somewhat 
better, so integrating these unpredictable renewables into the power grid 
poses significant technical challenges. Large intelligent systems can take 
advantage of time-of-day demand differences across time zones and 
swing power across large areas as solar systems’ output rises and falls. 

Attendant to this problem is the need to incorporate distributed 
generating systems, which generate electricity not in centralized power 
plants but from small local sources such as solar panels on buildings, 
small on-site generators and co-generators, and local biomass- and waste-
based power systems. Sometimes local sources are joined together in 
micro grids that operate locally for the most part but with a connection 
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to the main grid. Integration challenges the central grid operator to 
maintain appropriate voltage and phase synchronization—and, ultimately, 
system stability. 

Intelligent systems that can adjust to accommodate decentralized 
generation and renewable generation can optimize the system toward 
maximizing generation from renewables, minimizing costs, and 
improving the reliability of service. This requires that smart grids in 
different countries be able to communicate with one another toward 
operating together seamlessly. System optimization in the service of Asian 
energy consumers depends on strong regional cooperation. 

A promising cross-border smart grid application would be to install 
very large wind farms in Mongolia and connect them to transmission 
networks in the PRC or even the Republic of Korea and Japan. Mongolia 
has enough wind resources for 1 terawatt of installed capacity collected 
by about 200,000 wind turbines, each with 5 MW of capacity. Tapping 
these excellent year-round resources on such a scale would push the 
price of wind energy down. Domestic demand would not justify the 
investment, but regional interconnection would transform its economic 
viability. Such a large renewable energy system would require smart 
grid technology to optimize resource use while ensuring grid reliability. 
A similarly tricky job for a smart grid is to manage a cascade of 
hydropower dams along a single river in the mountains to supply 
electricity to neighboring countries. 

The widespread use of electric-powered transport will introduce 
challenges along with opportunities. Smart interconnected power grids 
that tie together electric vehicles in interconnected markets can charge 
the vehicles when surplus renewable energy is available, store electricity 
in the vehicles’ batteries, and, during high grid demand, draw power back 
from any idle vehicles that are plugged into the grid. 

Obstacles to regional cooperation 
and integration 

Interconnecting energy systems across international frontiers requires 
that participating states adopt compatible technical standards and 
regulatory regimes. The unified European electricity and gas markets 
illustrate how standardization can progress. Cooperation in Europe 
started in late 1980s with the liberalization of the British electricity 
industry, which broke up the state-owned electricity monopoly and 
replaced it with a competitive electricity market that allowed neighboring 
France to sell its surplus production of low-cost electricity in the 
United Kingdom. Several other Western European countries pursued 
similar liberalization toward diminishing the role of the state in utility 
service delivery. A green paper and European directive issued by the 
European Parliament in 1996 regarding electricity, and others for 
gas in 1998, set common rules for domestic electricity markets as the 
foundation for an energy market spanning the European Union (EU). 
The Lisbon Strategy, 2000 combined the electricity and gas markets and 
recognized that being competitive in energy was essential for promoting 
European competitiveness and knowledge-based leadership globally. A 
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mandate later in 2003 provided third-party access to all existing energy 
infrastructure, and another in 2009 integrated the EU’s energy and 
environmental objectives.

Already well interconnected, the EU recognized the value of 
interconnecting its electricity and gas networks more completely. 
The European Commission stated in 2006 that efficient energy 
infrastructure was essential to allow the EU to achieve its targets for 
sustainable development, competitiveness, and secure energy supplies. 
The commission added that “improved efficiency required considerable 
investment in upgrading gas and electricity networks and in developing 
their interconnections” (European Commission 2007). It pointed 
out in particular that interconnected networks prevented the risk of 
short supply by diversifying sources and facilitating the introduction 
of a “green network” carrying electricity generated from renewable 
sources. This prompted the promulgation of a system-wide priority 
interconnection plan. As the EU already had well-established regulatory 
frameworks and contractual and pricing standards, the EU directive is 
strong indication that more could be done to make the most of its energy 
infrastructure. 

How much more so will Asia be challenged by energy market 
integration? Yet, from purely technical and commercial perspectives, 
Asian countries have every reason to pursue wider and deeper regional 
cooperation and integration in the energy sector. Unlike new technologies 
developed in pursuit of uncertain, long-term payoffs, fostering closer 
energy ties promises concrete payoffs even in the short run. 

Technical challenges to integration
Interconnecting electricity and gas grids requires standardized 
regulations, pricing practices, and contracts. Especially for electricity, 
technical standards need to be uniform, or at least compatible, for 
systems to work (though, as noted in Box 2.4.1, local grids using different 
frequencies of alternating current can draw supply from a common grid 
that transmits using high-voltage direct current). 

Similarly, the smooth operation of a unified regional oil market 
requires standardized oil product specifications to ensure that 
suppliers compete on a level playing field. Common environmental 
standards eliminate distortions in production costs. In the longer 
term, the expansion of fleets of vehicles powered by electricity and 
compressed natural gas will require that filling and recharging stations 
be standardized so that cross-border transportation systems function 
smoothly. 

Countries with established or planned nuclear energy programs stand 
to benefit from common standards for nuclear licensing, operation, and 
supervision. This would make the best use of available human resource 
capacity, shorten any delays, and contain costs. Because radioactive 
contamination respects no borders, coordination can buttress public 
confidence. 

As the European experience of integrating power systems illustrates, 
the technical barriers to integration are readily surmountable. The larger 
challenge inhibiting energy integration in Asia is summoning the political 
will to coordinate policy.
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Policy challenges to integration
Asian leaders, like others around the world, tend to view energy security 
as a vital component of national security, which makes them reluctant to 
relinquish control. Further, Asian governments intervene heavily in their 
energy markets, notably with consumer subsidies, which reinforces the 
reflex to retain full control. Because energy is a basic necessity of human 
life, it is to some extent a public good, which is why Asian governments 
subsidize prices for basic fuels. Any trade in energy, let alone free trade, 
challenges such extensive government involvement. 

Bundled up with issues of national security is a strong element of 
international competition for energy that is often intense because energy 
resources are limited. Countries are willing to pay a premium to secure 
access that is reliable, long term, and exclusive. International competition 
can poison the well of regional cooperation, as when the operation of a 
cross-border oil or natural gas pipeline is complicated by disputes over 
transit fees. Narrow national self-interest often stands in the way of 
advancing region-wide public goods in the energy sector.

Within individual countries, powerful vested interests in the energy 
sector may stand in the way of regional cooperation and integration. To 
enjoy economies of scale, many Asian countries operate electric utilities 
as either state-owned monopolies or private monopolies heavily regulated 
by the government. Either way, utility firms and other sector players exert 
a great deal of political influence and are likely to view regional initiatives 
as potential threats to their accustomed dominant positions in their home 
markets. They may resist harmonized standards, regulations, and pricing 
for reasons of narrow institutional interest without regard for the broader 
national interest that regional efforts promote.

The integration of subregions is likely the first step along the 
path leading ultimately to a pan-Asian energy market. Even in the 
highly integrated EU energy market, competition is healthiest at the 
subregional level.

And, certainly, the integration of subregional energy markets in 
Asia has not lacked international support and expertise. All major 
development partners that work in the region see immense benefit from 
regional energy trade and have provided grants and expertise to advance 
the agenda. One recurrent obstacle is failure to liberalize energy markets 
sufficiently for energy to be competitively priced and for new investments 
to respond to market signals. Asian countries need to understand the EU 
experience better and become convinced that regional energy markets 
serve their strategic interests, not least because energy security is difficult 
for most individual countries to secure for themselves. 

Regional leaders meet often to discuss regional trade, but these 
discussions have yet to include energy. Even though individual countries 
struggle to meet their energy demand, confidence in partnership with 
neighboring countries remains low, and transparency in the energy sector 
has not been possible because governments see it as compromising their 
national strategic interest. A broader view shows regional energy trade 
strengthening Asian countries’ energy security.

A good point of departure would be to establish a ministerial-level 
pan-Asian task force on energy cooperation and integration. Moving 
regional integration forward requires authoritative political commitment. 
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A brighter Asian energy future: every watt counts

The foregoing analysis makes clear that developing Asia must urgently 
take aggressive policy action to turn away from the path leading to a 
decidedly stark energy future and toward a future in which Asians enjoy 
secure access to adequate supplies of clean energy that is affordable to 
all. To realize the vision of the Clean Asian Century, with its promise 
of robust economic growth and substantially rising incomes, Asia must 
adopt a broad program of policy prescriptions on several fronts. 

A unified Asian energy market
Asia must aspire to create a pan-Asian energy market by 2030. When 
it comes to regionally integrated electricity and gas markets, thinking 
big maximizes benefits. Asia must aspire to the degree of regional 
cooperation and integration in energy that currently prevails in 
Europe. The first step is to set up a ministerial task force to study the 
European experience and promote the political will to share more openly 
information on national power sectors, toward better harmonizing 
regulations, standards, and pricing policies. 

This will require that Asian countries make a concerted effort 
to repeat, with regional energy cooperation, the success they have 
achieved with regional cooperation in other areas. While Asia’s regional 
cooperation and integration is moving ahead rapidly in trade and other 
areas, progress on regional energy markets and infrastructure lags far 
behind despite large potential synergies. 

Even where the scope for, and gains from, closer energy links are 
clear, such as in the Greater Mekong Subregion (GMS)—linkages remain 
limited at best. The GMS is well endowed with energy resources. Its 
hydropower potential amounts to 900 terawatt-hours, or four times 
the subregion’s total electricity generation in 2010. Integrating power 
transmission in the GMS would save $14 billion over 20 years by 
substituting hydropower for electricity generated using fossil fuels. 

To achieve a pan-Asian energy market, Asian countries need to muster 
the political will to look beyond narrow self-interest and clear the political 
hurdles that stand in the way of energy integration that is technically 
feasible and commercially viable. Overcoming technical obstacles, 
such as differences in standards, regulations, and energy pricing, requires 
participating countries to build goodwill in their political relations. 
Goodwill lends countries the confidence to be open and equitable about 
sharing benefits. It enables neighbors to share information and allay one 
another’s concerns about the reliability of supply.

Short of comprehensive energy cooperation, there is plenty that 
individual national governments can do in the meantime to curb 
demand, expand the supply of clean energy, ensure affordable access for 
the poor, and develop capacity for future innovation.
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Containing burgeoning energy demand
Asia must immediately take concrete steps to curb demand. Replacing 
inefficient general fuel subsidies with targeted subsidies can be a 
politically acceptable approach to eliminating broad inefficiencies without 
leaving the poor out in the cold. Second-generation greenhouse gas 
emission taxes recycle tax proceeds to help reduce the cost of cleaner 
inputs, thereby limiting their adverse impact on economic activity while 
mitigating global warming. Planning for “green cities” is crucial for an 
increasingly urban Asia. Reducing demand not only reduces the risk of 
supply bottlenecks but also promotes a cleaner environment.

A good place to start with energy is getting the price right. Countries 
in developing Asia must eliminate or rationalize distortionary subsidies 
as rapidly as practical to reduce energy overuse and waste. Subsidies 
impose a tremendous burden on public budgets, exceeding 2% of GDP in 
India, Indonesia, and Viet Nam and 4% in Bangladesh and Pakistan. If 
countries around the world eliminated wasteful subsidies, global carbon 
dioxide emissions would be an estimated 2.6 billion tons lower in 2035. 
To cushion the impact on the poor, governments should replace general 
subsidies with programs targeting the poor. 

Failure to factor in environmental impact artificially discounts 
energy use below its true cost and thus encourages consumption. 
However, environmental taxes increase the cost of production and 
constrain economic activity. One policy solution is to combine domestic 
carbon taxes with revenue recycling, by which the government uses 
tax proceeds to reduce the cost of other productive inputs. This would 
mitigate the impact of carbon taxes on total production costs and thus 
on economic activity. 

Asian governments must take the lead in changing the public’s 
attitude toward energy use. The value of behavioral change is underscored 
by Japan’s success in curbing demand since the oil shocks of the 1970s 
and again following the Fukushima disaster. Japan’s energy intensity has 
improved by 25% since 1980, such that the country leads the world in 
the value of output per unit of energy. More recently, in the wake of the 
Fukushima accident and the resulting temporary shutdown of nuclear 
power plants, the grassroots Setsuden (“save electricity”) campaign 
dramatically deployed energy conservation to stave off power outages. 
Further, behavioral change can limit rebound effects that occur when 
improved energy efficiency perversely increases consumption.

Green, smart urbanization and new transportation technologies are 
great ways to improve energy efficiency. Many Asian cities have already 
begun to move forward toward more intelligent urbanization. A large 
waste collection and disposal system of Incheon, Republic of Korea, 
generates electricity from waste. Ulaanbaatar, Mongolia, is deploying 
a combined heat-and-power plant that allows homes and commercial 
buildings to be cooled and heated using waste heat from power generation.

Massive rural–urban migration in developing Asia gives the region 
opportunities to design new urban areas for extremely efficient energy 
use. Asia is well placed to become the global leader in such design, as 
most advanced countries now have more static populations. Satellite cities 
built from scratch allow planners to design electricity and gas delivery 
systems with minimal overlap and maximal orientation toward energy 
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savings. Similar opportunities exist, albeit on a more modest scale, as 
electricity and gas utilities connect rural areas previously devoid of 
modern power infrastructure. Applying gas directly to end uses such as 
cooking, for example, avoids loses incurred when gas is used to generate 
electricity. Programs to replace diesel city buses with buses that run 
on cleaner natural gas are already demonstrating their worth through 
improved urban air quality.

Notwithstanding considerable progress, plenty of scope remains 
for developing the technological bases for green, smart urbanization. 
Additional programs are needed to research, develop, and demonstrate 
clean and cost-competitive electric- and gas-powered cars and other 
energy-saving technologies applicable to urban settings.

Tapping cleaner energy supply
Asia should strive to diversify and optimize its energy mix in the medium 
and long term. In particular, it should rein in its disturbingly heavy 
dependence on imported oil. The share of Asia’s imports supplied from 
the Middle East rose from 33% in 1990 to 48% in 2010. Such deepening 
dependence on a single region, combined with the lack of close substitutes 
for oil in transportation and industrial uses, undermines the reliability 
and adequacy of Asia’s energy supply. 

Securing adequate and reliable supplies of clean, affordable energy 
is challenging but achievable. As energy sources vary across the region, 
each country’s options to augment its energy supplies depend on its 
endowments and needs. Potential energy sources have their own merits 
and shortcomings, but every drop—every watt—counts! Developing 
future technologies requires government support in the beginning. 
Effort is required on all fronts, from each country according to its 
comparative advantages. 

Because of their strong environmental and energy security 
advantages, renewable energy sources merit close examination from 
the start. Asia is fortunate to have rich renewable energy potential. The 
region has substantial endowments of hydro, solar, and wind power. 
Already, 542 gigawatts (GW) of hydropower capacity are installed or 
under construction, with potential to quadruple it to 2,204 GW. Wind 
and solar have made remarkable strides. In less than a decade, generating 
capacity rose from negligible to 82 GW for wind and to 20 GW for solar, 
and great potential exists to further expand both. Asian countries are 
among the world leaders in the manufacture of renewable energy plants. 
However, while wind and solar power are becoming cheaper, and are 
expected to reach grid parity in some countries in a few years, they 
currently require favorable policy and financial incentives like feed-in 
tariffs and tax credits. Hydropower, on the other hand, is highly cost-
competitive, especially when constructed on a large scale, but projects 
pose environmental and social challenges commensurate with their size. 
Biofuels hold promise to replace substantial quantities of gasoline and 
diesel in transportation, reducing net GHG emissions with fuels that 
are secure because they are homegrown. However, like wind and solar, 
biofuels have a way to go before they become cost-competitive with the 
fossil fuels they are being developed to replace.
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Asia’s energy future needs renewable sources, but renewables are 
not enough. For this reason, Asia must make good use of its substantial 
nonrenewable resources, favoring cleaner options and refinements. 
The energy mix will evolve slowly as older investments in plant and 
equipment are retired, but Asia’s environmental needs urgently require 
that nonrenewable energy sources be made cleaner and safer. 

Asia needs to take stock of its substantial reserves of shale gas, 
which have potential to offset coal use. Asia’s geology is incompletely 
investigated, but indications are that the PRC has as much as 20% of 
global reserves of shale gas, ranking it first in the world. Technically 
recoverable reserves in India are estimated at a more modest 1% of global 
reserves but still equivalent to 1.6 billion tons of oil. As shale gas recovery 
uses emergent technology, the environmental impacts of drilling and 
production need to be evaluated for potential risks. 

Asia should also look at emerging technologies that make carbon-
based fuels cleaner to use. In light of Asia’s relative abundance of coal, 
these technologies hold a lot of promise for the region. Carbon capture 
and storage has potential to lower carbon dioxide emissions, and Asia is 
already investing heavily in this technology. 

And then there is nuclear energy. While the Fukushima incident 
underscored the need to strengthen reactor safety, nuclear appears to 
have a permanent place in Asia’s energy mix. Phasing nuclear power out 
would require Asia to increase its use of fossil fuels, at least in the short 
to medium term. Powering Asia’s more prosperous future without nuclear 
energy in the mix would increase the region’s carbon dioxide emissions 
by 8%–13% annually in 2035. 

Ensuring affordable access
True energy security is not possible without addressing the energy needs 
of the poor and residents of low-income countries. Concrete steps to 
support Energy for All include establishing income policies to secure an 
adequate energy floor for the poor, selecting appropriate technologies for 
distributed and off-grid power generation, and promoting community 
participation. Narrowing differences between countries is critical. 
Low-income countries need international aid to help them build equitable 
energy infrastructure that protects the poor. Extending affordable access 
to the entire population and narrowing the wide gaps between Asian 
countries will promote inclusive growth across Asia. 

A high priority should be expanding the delivery of affordable energy 
to the poor. Despite Asia’s rising affluence, in 2012 almost 700 million 
Asians, or 18% of all Asians, still lacked access to basic energy services 
such as electricity or modern fuels. Further, some 2.8 billion Asians, 
or about 74% of the total, still relied for some uses such as cooking 
on traditional fuels that are dirty and unreliable. Most of the world’s 
energy poor live in Asia. Energy is both a basic human need and a tool 
that empowers the poor to be more productive and make their own 
contribution to inclusive growth. Developing Asia must strive to achieve 
universal access to affordable energy as soon as possible. 

This necessarily entails special programs that support the energy 
consumption of the poor. Unlike general energy subsidies, which 
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disproportionately benefit the non-poor, means-tested assistance 
that targets the poor extends energy access without jeopardizing 
fiscal sustainability. Support needs to be carefully designed to avoid 
encouraging wasteful energy use. It may offer low-tariff lifelines only to 
households that use very little electricity or cover only to the first small 
tranche of consumption. Careful design will ensure better targeting.

Also important is exploring how to adapt new technologies to the 
energy needs of the poor. To reach the isolated rural poor beyond the 
reach of the grid, electricity can be generated on micro scales using 
locally available renewable sources such as hydro, solar, biomass, and 
wind. Gas captured from livestock manure can provide clean cooking 
fuel. Low-income countries need to innovatively adapt imported 
technology to suit local conditions and meet local needs. They will find 
some imported technologies more appropriate than others. 

Just as it behooves comfortable citizens to bridge the energy divide 
by helping the poor among them gain access to affordable energy, 
richer Asian countries must help their poorer neighbors. Wide gaps in 
energy access within a country jeopardize inclusive growth, and wide 
gaps between Asian countries at different stages of development do the 
same. Assistance to energy-poor countries should transfer funding and 
technology. Globally, advanced countries share responsibility for helping 
developing countries, including those in Asia, as all stand to benefit from 
reduced GHG emissions wherever they occur. Asian countries rich and 
poor have equal incentive to contribute energetically to global efforts to 
mitigate climate change. After all, climate change affects everyone.

Building capacity for future innovation
Asia must broaden and deepen its intellectual capital to better support its 
physical investments in energy. A modern energy sector will come about 
only if the knowledge base is there to support it. As the biggest energy 
user, Asia must acknowledge its role as the lynchpin of climate change 
mitigation and strive to marshal research and development capacity equal 
to the task. Technology transfer from developed countries can accelerate 
the deployment of new technologies, but the region must aggressively 
invest more on researching and developing new energy technologies. 

At the same time, Asia needs to engender an institutional and policy 
environment conducive to creating and adopting new technologies. A 
policy priority for the whole region is to invest more in educating and 
training energy specialists, scientists, and engineers. Asian countries 
should allocate more funds to education, especially at the tertiary level, to 
develop the human capital required to meet the energy challenge. 

Individually, each new energy technology makes only a limited 
contribution to Asia’s energy security. Collectively, though, they have 
the potential to make a big positive difference. Linking the contributions 
together intelligently and coherently—through, for example, smart grids 
that accept energy from distributed generation using renewables—is the 
top priority. Each technology may offer only a drop in the bucket, but 
together they flow as a river to power the Clean Asian Century. 

Every drop and every watt count! 
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