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Energy
Energy-related pollution, which is already 
undeniable in much of Northeast Asia, will have 
a profound impact on regional and hemispheric 
cross-border pollution, as well as global green-
house gas emissions. How countries in Asia 
choose to supply their future energy needs will 
have effects well beyond the region. The sum of 
these effects will determine the energy security 

– or insecurity – of every country in the region.
Energy choices also shape geopolitical re-

lations in Northeast Asia, and the rest of the 
world. Nowhere is this more evident than in 
North Korea, where the energy security of the 
nation is a key to peace and stability on the Ko-
rean peninsula, and throughout the region.

We believe that by implementing a creative 
and cooperative framework for energy security 
in North Korea – and the region as a whole – a 

dramatic improvement in the environment, hu-
man development and military security could 
result. We start by looking at the concept of en-
ergy security. 

Comprehensive Concept of Energy Security

Conventional concepts of energy security be-
gin, and usually end, with a focus on main-
taining energy supplies – particularly supplies 
of oil.1 Standard academic frameworks for 
analyzing energy security focus on access to 
energy resources;2 on market failures such as 
oligopolistic pricing and efficiency issues in 
the delivery of fuels to consumers;3 and on the 
affordability of energy supply by weighing the 
marginal costs and benefits of various meas-
ures to increase supply or reduce vulnerability 
to a loss of supply.4

Security in Northeast Asia
By Peter Hayes 
and David von Hippel

In coming decades, strong 
economic growth in Northeast 
Asia, especially in China, will 
vastly expand demand for both 
energy services and fuel. 

Projections suggest that future 
growth of fossil fuel use will not 
only have major consequences 
for local and regional financial 
and fuels markets.
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This supply-based bias has as its cornerstone 
reducing vulnerability to foreign threats or 
pressure, preventing a supply crisis from occur-
ring, and minimizing the economic and military 
impact of such a crisis. It matches the supply-
oriented engineering cultures of major utilities 
and energy supply corporations, whether pub-
lic or private. And it is reflected in the energy 
policies of most nations. 

The fatal flaws in this approach have been 
exposed in the last decade by major changes in 
global and national energy systems. As a con-
sequence, a more comprehensive definition of 
energy security is needed, along with a more 
workable framework for analyzing the many 
possible paths to energy security. These chang-
es call, in short, for a radically reformulated 
concept of energy security, and indeed, new 
concepts are emerging. 

First, given the negative impact on society 
of climate change and cross-border air pollu-
tion, is the idea of globally sustainable energy 
policies.5 More recently, new concepts of energy 
security have arisen in response to large-scale 
failures of electric utility systems; the threat of 
terrorist attacks on energy infrastructure; and 
non-market-based cooperation between states 
to manage energy uncertainty.

These emerging concepts include three fun-
damental ideas: energy survivability in the 
face of a system failure; energy interdepend-
ence (between, for example, the energy system 
and the telecommunications system); and de-
centralization and diversity of supply (not just 

geographic, but also in terms of types of fuel, 
technology and end-users).6 

Regional Comprehensive 
Energy Security
Energy, the environment, and security are 
intimately bound together in Northeast Asia. 
Choices about energy supply and use, for ex-
ample, have environmental consequences, and 
also affect national, regional, and global security. 
Choices about whether and how to cooperate 
regionally on environmental issues also spill over 
into broader energy and security questions. 

The issues are interrelated, but unfortunately 
the policy frameworks and government agen-
cies that implement them are not integrated. 
Energy planning is conducted primarily by en-
ergy ministries with analytical tools that often 
exclude environmental and security implica-
tions. If such concerns are raised, it is usually as 
an afterthought once energy planning decisions 
have been made. Issues of regional security, 
meanwhile, are handled by traditional defense 
and foreign affairs ministries, whose officials 
are concerned with external threats. Given 
the continuing military tensions in Northeast 
Asia – especially on the Korean peninsula and 
between Taiwan and China – energy and en-
vironmental issues may not be a high priority 
for security planners. Environmental agencies, 
in turn, are usually new and weaker organs of 
government, and are only able to take policy 
leadership on fairly narrow issues, especially in 
relation to foreign affairs. 

An important step in promoting regional 
cooperation as part of a wider framework of 
multilateralism in Northeast Asia is for policy 
makers to articulate common concepts and 
strategic goals. A framework that simultane-
ously addresses all three prongs of the energy-
environment-security nexus is needed. A new, 
integrated concept of regional comprehensive 
security may provide such a framework.

The end of superpower confrontation in the 
early 1990s triggered a complete rethinking of 
traditional concepts of national, regional, and 
global security. Superpower rivalries focused 
on the protection of national sovereignty, and 
external military threats. The new reality em-
phasizes three additional dimensions: 

• �The inclusion of a broader range of external 
threats and potential sources of international 
conflict, including environmental degradation 
and resource scarcity, including energy; 

• �A focus on threats to human security, that 
is, to individuals and communities, within 
as well as between nations, including food 
shortages, disturbances to ecosystems, human 
rights abuses, and ethnic, religious and gender  
discrimination; 

• �A focus on regional and global cooperation as 
an essential way to enhance national security. 
The environmental, energy and human secu-

rity frameworks provide a common basis for col-
laborative regional initiatives in Northeast Asia. 
A commitment by all states to promote ecologi-
cally sound and secure energy development is 
critical to enhancing security and sustainability. 

Before governments can make such a commit-
ment in the form of joint initiatives, however, a 
consensus must emerge among leading think-
ers and opinion-makers.

Multiple Attributes of 
Energy Security
In research collaboration with colleagues in 
East Asia,7 the Nautilus Institute has developed 
an operational approach to analyzing energy 
security in the way described above. This ap-
proach, which uses multiple attributes, relies 
on analysis of energy security in a number of 
dimensions, tracked qualitatively and quantita-
tively at each level. Five key components – envi-
ronment, technology, economics, social and cul-
tural factors, and post-Cold War international 
relations (especially military and security) – are 
added to the traditional supply-side concept to 

A commitment 
by all states 
to promote 
ecologically sound 
and secure energy 
development 
is critical to 
enhancing security 
and sustainability 
in the region.
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Table 1 

Dimensions and Attributes  
of Energy Security
Dimension of 
Energy Security

Attributes Interpretation

Energy Supply Total Primary Energy Higher  
indicator of other impacts

Fraction of Primary  
Energy as Imports Lower preferred

Diversification Index  
by fuel type, primary energy Lower index value preferred

Diversification Index  
by supplier, key fuel types Lower index value preferred

Stocks as a fraction of imports 
key fuels

Higher greater resilience to 
supply interruption

Economic Total Energy System  
Internal Costs Lower preferred

Total Fuel Costs Lower preferred

Import Fuel Costs Lower preferred

Economic Impact of Fuel Price 
Increase as fraction of GNP Lower preferred

Technological
Diversification Indices for 
key industries such as power 
generation by technology type 

Lower preferred

Diversity of R&D Spending Qualitative Higher preferred

Reliance on Proven Technologies Qualitative Higher preferred

Technological Adaptability Qualitative Higher preferred

Environmental GHG emissions  
tonnes CO2, CH4 Lower preferred

Acid gas emissions  
tonnes SOx, NOx Lower preferred

Local Air Pollutants  
tonnes particulates,  
hydrocarbons, others?

Lower preferred

Other air and water pollutants  
including marine oil pollution Lower preferred

Solid Wastes tonnes bottom ash, 
fly ash, scrubber sludge

Lower preferred (or at best 
neutral, with safe re-use)

Nuclear waste  
tonnes or Curies, by type

Lower preferred, but qualitative 
component for waste isolation 
scheme

Ecosystem and Aesthetic 
Impacts

Largely Qualitative  
Lower preferred

Exposure to  
Environmental Risk Qualitative Lower preferred

Social/Cultural
Exposure to Risk of Social  
or Cultural Conflict over energy 
systems

Qualitative Lower preferred

Military/Security Exposure to  
Military/Security Risks Qualitative Lower preferred

Relative level of spending 
on energy-related security 
arrangements

Lower preferred

* �One Exajoule, or EJ, is equal to one 
billion gigajoules, or 10 18 Joules.

	 Table 2 

	 Energy security comparison:  
	 BAU versus alternative paths
Dimension of  
Energy Security

Attributes BAU path result Alternative path result

Energy Supply Total Primary Energy 2010: 26.2 EJ*; 2020: 28.7 EJ 2010: 22.0 EJ; 2020: 28.7 PJ

Fraction of Primary  
Energy as Imports 2020: 96% of fuel use 2020: 85% of fuel use

Diversification Index  
by fuel type, primary energy

2010: 0.254 
2020: 0.240

2010: 0.262; 2020: 0.230, 0.213 and 0.175 
with separate accounting for pipeline gas, 
energy efficiency 

Diversification Index  
by supplier, key fuel types Not quantified, but probably lower 

Stocks as a fraction of imports 
key fuels

Oil: 150 days stocks in 1995 lasts for 
110 days in 2020

Oil 150 days stocks in 1995 lasts for 187 days 
in 2020

Economic Total Energy System  
Internal Costs

27 Trillion Yen (net present value) less than 
BAU path over 1990 to 2020

Total Fuel Costs 32 Trillion Yen (net present value) less than 
BAU path over 1990 to 2020

Import Fuel Costs About the same as total fuel costs

Economic Impact of Fuel Price 
Increase as fraction of GNP

In 2015, energy resource costs about 1% 
of GDP more than in Alternative path

Impact of 2010 oil price rise to 4,725 Yen 
per bbl about 27 trillion Yen NPV less than 
BAU path, 1990 to 2020. 

Technological
Diversification Indices for 
key industries such as power 
generation by technology type 

For electricity generation: 
2010: 0.166 
2020: 0.138

For electricity generation: 
2010: 0.153 
2020: 0.105

Diversity of R&D Spending Probably Higher

Reliance on Proven Technologies Higher

Technological Adaptability Probably Higher 

Environmental GHG emissions  
tonnes CO2, CH4

In 2020: 1,600 Mte CO2, 300 kte CH4, 
120 kte N2O

In 2020: 1,000 Mte CO2, 310 kte CH4,  
82 kte N2O

Acid gas emissions  
tonnes SOx, NOx In 2020: 2.0 Mte SOx, 5.2 Mte NOx In 2020: 1.1 Mte SOx, 3.2 Mte NOx

Local Air Pollutants  
tonnes particulates,  
hydrocarbons, others?

In 2020: 3.8 Mte CO, 1.1 Mte 
Hydrocarbons, 0.94 Mte Particulates

In 2020: 2.8 Mte CO, 0.55 Mte 
Hydrocarbons, 0.54 Mte Particulates 

Other air and water pollutants  
including marine oil pollution

Somewhat lower to substantially lower, 
depending on pollutant and pollutant source

Solid Wastes tonnes bottom ash, 
fly ash, scrubber sludge

Likely somewhat lower (depends on fuel 
sulfur, ash contents, degree of scrubbing) 

Nuclear waste  
tonnes or Curies, by type

Somewhat (~5-10 percent over 1990 to 
2020) lower; on-site spent fuel isolation 
means less waste transport

Ecosystem and Aesthetic 
Impacts

More large-infrastructure-related 
impacts

More indigenous-energy related  
aesthetic impacts;  
less ecosystem impacts due to pollutants

Exposure to  
Environmental Risk Lower

Social/Cultural
Exposure to Risk of Social  
or Cultural Conflict over energy 
systems

Likely lower overall, but may require more 
social and cultural adjustment

Military/Security Exposure to  
Military/Security Risks Likely somewhat lower

Relative level of spending 
on energy-related security 
arrangements

Likely somewhat lower

Source: A Framework for Energy Security Analysis and Application to a Case Study of Japan, available 
from Nautilus Institute as http://www.nautilus.org/archives/pares/PARES_Synthesis_Report.PDF
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or Cultural Conflict over energy 
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generate a working definition of comprehensive 
energy security:  

“A nation-state is energy secure to the degree that 
fuel and energy services are available to ensure: 
a) survival of the nation, b) protection of na-
tional welfare, and c) minimization of risks as-
sociated with supply and use of fuel and energy 
services. The national energy policy dimensions 
of energy security within each of these three objec-
tives of energy security must be measured by and 
address energy supply-related economic, techno-
logical, environmental, social, and cultural, and 
military/security-related dimensions. Energy 
policies must address the domestic and interna-

tional (regional and global) implications of each 
of these dimensions. Thus, national energy policies 
should be evaluated against each of the three basic 
objectives as manifested in the domestic and inter-
national implications of each dimension.  What 
distinguishes [this] definition is its emphasis on 
the imperative to consider extra-territorial im-
plications of the provision of energy and energy 
services while recognizing the complexity of actu-
alizing (and measuring) national energy security.” 
(Hayes and Von Hippel, 1996)

This definition is noteworthy, because it con-
siders ramifications beyond national borders. 
Some of the possible measures of this broader 
concept of energy security, and the dimensions 
and attributes that need to be tracked in order 
to determine the trend in national energy secu-

rity as defined in this way, are summarized in 
Table 1 (previous page). 

 Typically, energy security has been considered 
solely from a national or local perspective. For 
this reason, rigorous use of this broader defini-
tion of energy security would generate oppor-
tunities for cooperation, and warnings about 
potential conflict. Applied regionally, this defi-
nition would help highlight over-reliance on nu-
clear reactors in a particular power sector, or 
under-emphasis on international factors, such 
as exposure to upwind acid rain. 

This conceptual framework also considers 
the impact of environmental factors on human 

and military security, the effects of security in-
stitutions on the environment, and the effects 
of environmental security ideas on prospects for 
international environmental cooperation. The en-
vironmental implications are three-fold: a) protec-
tion of the health and welfare of citizens from the 
effects of environmental change; b) protection 
of national economic interests from the negative 
consequences of environmental change; and c) 
securing unstable regions against adverse envi-
ronmental change that may impact on a nation. 

This approach allows us to track and weigh 
diverse quantifiable and non-quantifiable costs 
and benefits of energy security measures. Table 
2 (previous page) shows the summary results 
from systematic application of this framework 
to Japan. The table compares two energy paths, 

one, business-as-usual (BAU), and the other, 
a path that emphasizes energy efficiency, in-
creased natural gas usage, and securing reliable 
fossil fuels while keeping constant the fraction 
of power generation from nuclear reactors. 

Cooperative Energy Security
Northeast Asia suffers from a wide range of ener-
gy insecurities, ranging from standard concerns 
over loss of oil, gas, and coal supplies due to 
market factors to the risk of nuclear accidents or 
terrorist attacks on energy infrastructure. Con-
siderable attention is now devoted to local air 
pollution, the accelerating levels of acid rain and 
other pollutants transported from China to the 
two Koreas and Japan, and trans-hemispheric 
spread of chemically potent dust particles by 
storm systems from inner Eurasia and China 
across the Pacific to North America and beyond. 

Below we examine the potential for four types 
of regional cooperation that could improve en-
ergy security in ways that national go-it-alone 
policies nested in global energy markets cannot. 
(There are many other examples for potential 
cooperation that could be addressed – for ex-
ample, the potential for emergency fuel-sharing 
under a regional energy charter, or the use of 
mechanisms under the Kyoto Protocol to reduce 
China’s expanding production of acid rain and 
greenhouse gases.) 

We will confine our analysis, however, to the 
creation of regional energy networks for gas 
and power trading; the disposition of spent nu-
clear fuel; promotion of renewable energy and 

end-use efficiency technologies; and improving 
North Korea’s energy security. These examples 
of cooperative strategies serve to demonstrate 
our conclusions about the most productive 
means of realizing regional energy security. 

Regional Infrastructure Proposals
The countries of Northeast Asia already con-
stitute the world’s largest market for liquefied 
natural gas (LNG), and one of the world’s larg-
est markets for crude oil and petroleum prod-
ucts. Recent economic growth, particularly in 
greater China and the Republic of Korea, has sig-
nificantly increased both energy demand and im-
ports, with an attendant increase in related en-
vironmental problems. The combination of this 
growth and its current and future environmental 
consequences, coupled with the availability of 
lightly-used energy resources in the Russian Far 
East and other areas of the former Soviet Union, 
have resulted in a number of proposals for re-
gional energy and transport infrastructure. The 
discussion below focuses on regional electric-
ity grid proposals, which we consider to be the 
most viable near-term option, but also touches 
on proposals for gas pipelines, and for road and 
rail infrastructure development.8

Electricity Grid Interconnections
There are a number of proposals for intercon-
necting the electricity grids of South Korea, 
North Korea, China and even Japan with the 
Russian Far East. These are typically designed 
to move electricity generated at hydroelectric, 
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(There are many other examples for potential 
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under a regional energy charter, or the use of 
mechanisms under the Kyoto Protocol to reduce 
China’s expanding production of acid rain and 
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We will confine our analysis, however, to the 
creation of regional energy networks for gas 
and power trading; the disposition of spent nu-
clear fuel; promotion of renewable energy and 

end-use efficiency technologies; and improving 
North Korea’s energy security. These examples 
of cooperative strategies serve to demonstrate 
our conclusions about the most productive 
means of realizing regional energy security. 

Regional Infrastructure Proposals
The countries of Northeast Asia already con-
stitute the world’s largest market for liquefied 
natural gas (LNG), and one of the world’s larg-
est markets for crude oil and petroleum prod-
ucts. Recent economic growth, particularly in 
greater China and the Republic of Korea, has sig-
nificantly increased both energy demand and im-
ports, with an attendant increase in related en-
vironmental problems. The combination of this 
growth and its current and future environmental 
consequences, coupled with the availability of 
lightly-used energy resources in the Russian Far 
East and other areas of the former Soviet Union, 
have resulted in a number of proposals for re-
gional energy and transport infrastructure. The 
discussion below focuses on regional electric-
ity grid proposals, which we consider to be the 
most viable near-term option, but also touches 
on proposals for gas pipelines, and for road and 
rail infrastructure development.8

Electricity Grid Interconnections
There are a number of proposals for intercon-
necting the electricity grids of South Korea, 
North Korea, China and even Japan with the 
Russian Far East. These are typically designed 
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nuclear, or natural gas-fired facilities in Rus-
sia to consumers in China and/or Korea. The 
driving forces behind these proposals are the 
intense demand for electricity in South Korea, 
China, and Japan, together with low electric-
ity use and large resource endowment in the 
sparsely populated Russian Far East. There are, 
however, major technical and political barri-
ers to regional grid interconnection – namely, 
North Korea’s fragmented electricity grid.9

Options considered to date for grid intercon-
nection include elaborate proposals for transmis-
sion lines involving Japan, including one for a 
transmission “ring” surrounding what is com-
monly called the Sea of Japan. In addition, there 
are proposals for segments of transmission lines 
linking one or more Chinese regional grids to the 
Russian Far East or other parts of eastern Russia. 
Cost is a key consideration. It is estimated that 
a line linking the Russian Far East to North and 
South Korea could have capital costs between 
US$500 million and US$1 billion, though costs 
might be even higher due to the need for AC-DC-
AC converter stations to deal with the different 
frequencies used by these national grids.10 

For this kind of trade in electricity to be com-
mercially viable, there must be a sufficient and 
complimentary seasonal availability of surplus 
generating capacity in the connected countries. 
For example, the Russian Far East has avail-
able excess capacity in the summer, but little 
in the winter. The situation in South Korea is 
the reverse. The ability to distribute excess ca-
pacity in one country to another country where 

generation is needed would allow one or more 
countries to avoid building new power plants to 
meet peak and/or baseload power needs. The 
higher these “avoided capacity costs” are, the 
more economical the transmission link will be. 

To be sure, the arrangements needed to estab-
lish a multi-lateral institution to operate a North-
east Asia transmission link are not trivial, nor 
are the arrangements that would be needed to 
agree on power pricing and the rents for power 
transmission facilities crossing national territo-
ries. Some international examples for such ar-
rangements exist, but none operate in a political 
climate similar to that of Northeast Asia.11 

Nevertheless, initial analyses of the economic 
potential of interconnecting the power grid of 
the Russian Far East to that of South Korea, go-
ing through North Korea and possibly parts of 
China, indicate it may be cost-effective to do so 
on purely economic grounds, or may even be 
a cost-effective way to reduce overall regional 
greenhouse gas and other air pollution emis-
sions.12 More detailed feasibility studies, and 
modeling of the power systems to be intercon-
nected, are needed to better characterize the 
net benefits or costs of the different intercon-
nection schemes.

Gas and Oil Pipeline Proposals
In the area of oil and gas pipelines, there are 
more than 20 proposals for exporting gas from 
Eastern Russia and/or the countries of Central 
Asia to China, Korea, and Japan. These range 
from relatively short pipelines linking Sakha-

lin Island to Japan, to pipelines covering many 
thousands of kilometers to link Central Asia 
with East Asia. What virtually all these pro-
posals share is high capital costs (a range of 
US$1.2 billion to US$20 billion, based on a rate 
of US$1-2 million per kilometer of pipeline13, 14), 
long lead times for completion (typically five 
years or more), and formidable technical and 
political barriers to implementation. 

In addition, in order to be economical, the 
availability of gas has to coincide with demand. 
In China, gas distribution infrastructure remains 
undeveloped in many areas. Japan’s gas indus-
try is based on local distribution systems for liq-
uefied natural gas (LNG), but lacks a national 
trunk pipeline system that would allow the use 
of substantial pipeline gas imports. South Ko-

rea has a relatively well-developed national gas 
transmission and distribution system, which is 
likely to provide a competitive economic advan-
tage relative to Japan, if and when pipeline gas 
imports are available. Given the existing level of 
industrialization in South Korea and Japan, how-
ever, it remains to be seen whether a significant 
expansion of gas use is likely in either country. 
North Korea, whose economy has traditionally 
depended on coal, has essentially no gas distribu-
tion infrastructure. All of these factors argue that 
gas pipelines in Northeast Asia are an unlikely 
option in the near-term, particularly without a 
breakthrough in relations with North Korea.

Oil pipelines, meanwhile, have been pro-
posed to link the oil fields of Siberia to termi-
nals in northern China,15 the oil fields of Russia’s 

Table 3
Estimates of production of spent fuel, and plutonium  
in spent fuel in Northeast Asia: 1990 to 2020

Spent fuel (tonnes heavy metal)

1990 to 1999 2000 to 2009 2010 to 2020 1990 to 2020

Base case 
Max. nuclear

12,084 
12,374

17,714 
19,698

21,377 
40,013

51,175 
72,085

Plutonium (tonnes)

1990 to 1999 2000 to 2009 2010 to 2020 1990 to 2020

Base case 
Max. nuclear

114 
115

155 
171

186 
334

455 
620

Plutonium (curies)

1990 to 1999 2000 to 2009 2010 to 2020 1990 to 2020

Base case 
Max. nuclear

1.6E+09 
1.6E+09

2.2E+09 
2.4E+09

2.6E+09 
4.7E+09

6.4E+09 
8.7E+09

Notes: E+09 is one US billion or 109

Source: Two Scenarios of Nuclear Power and Nuclear Waste Production in Northeast 
Asia, Case Study 97-2, Center for International Studies, Graduate School of 
International Studies, Yonsei University, Seoul, Korea at: http://www.nautilus.org/
archives/papers/energy/dvh_hayesNukeScenarios.html
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Sakhalin area with Japan, and even oil fields in 
the Caspian region to consumers in China and 
beyond. Uncertainties about future oil market 
conditions, however, coupled with formidable 
technical barriers and capital costs reaching 
easily into the billions of dollars, have severely 
limited major pipeline development, though 
some Russian and multinational companies re-
main interested. 

Cooperation on Regional 
Nuclear Waste Management
While debate continues over cost and safety is-
sues, nuclear power is a reality in Japan, South 
Korea and China, and its use is likely to grow 
over the coming decades in those countries. 
Estimates of the amounts of nuclear waste 
from power reactors that must be stored and 
ultimately disposed of under “base under” and 

“maximum nuclear” scenarios of nuclear power 
development in Northeast Asia are shown in 
Table 3 (previous page). 

The attempt by Taiwan and North Korea in 
1997 to reach a deal on nuclear waste storage 
generated much controversy and showed the 
potential for this issue to create conflict. Moreo-
ver, no long-term solution to the nuclear waste 
problem in Japan and Korea is likely without 
regional collaboration involving China and Rus-

sia. This could take a number of forms ranging 
from the setting of regional standards for the 
storage, disposition, and transport of nuclear 
waste to the development and operation of a 
regional repository for nuclear waste. 

This level of cooperation would allow a meas-
ure of regional control over nuclear waste issues, 
providing quality control and transparency in 
transactions. The countries and companies us-
ing regional waste repositories would provide 
financial transfers to the host country or coun-
tries. Of course, significant technical, financial, 
and environmental concerns regarding the lo-
cation and operation of a regional waste stor-
age facility must be identified; and contentious 
political and institutional issues will also need 
to be addressed before any such facility can be 
developed, especially if regional initiatives are 
to be consistent with recently announced Amer-
ican policies to promote cradle-to-grave nuclear 
fuel schemes. Until consensus on these difficult 
issues is achieved, nuclear waste is destined to 
remain in the countries where it is generated, 
either in national repositories, spent fuel ponds 
near reactors, or in dry cask storage. 

Cooperation on Renewable Energy, 
Efficiency Technology, And financing
Renewable energy and energy efficient tech-

nologies have begun to play an important role 
throughout Northeast Asia. Climate change, lo-
cal and regional environmental concerns, and 
the desire for economic development all con-
tribute to the attractiveness of these options. 
The region includes countries that are leaders 
in developing technologies to mass-produce de-
vices to capture and use renewable forms of en-
ergy and to increase the efficiency with which 
consumers use energy. The region also has the 
financial resources to develop and deploy these 
technologies to countries whose markets are 
eager for such alternatives. 

Cooperative strategies that allow the coun-
tries of Northeast Asia to share and co-develop 
new technologies could result in the accelerated 
deployment of renewable energy sources and 
other alternatives to expanded fossil fuel use. 
Such strategies could include country-to-coun-
try grants, technical assistance, joint ventures 
to manufacture energy efficient and renewable 
energy devices, the trading of greenhouse gas 
emissions, and co-funding of research to co-de-
velop key technologies. 

Successful cooperation of this type would take 
advantage of regional economies of scale to pro-
vide greater production capacity, more rapidly 
and at a lower cost than would otherwise be the 
case. Candidates for the types of devices and 
equipment that might be included in regional 
initiatives include wind power systems; photo-
voltaic power systems at all scales, from house-
holds to central power stations; high-efficiency 
automobiles, such as lightweight hybrid cars and 
fuel-cell vehicles; advanced lighting technolo-
gies, motor drives, and appliances; low-polluting 
industrial and commercial boilers, particularly 
in China, North Korea and Mongolia; and coop-
eration on building codes to improve the ther-
mal performance of residential and commercial 

buildings, especially in China, the Russian Far 
East, North Korea, and Mongolia. 

Cooperation, of course, assumes that the rich 
countries, especially Japan and South Korea, 
would be willing to fund up-front investments 
in technological development. These countries 
would be paid back in the form of lower costs 
for renewable energy and energy efficiency de-
vices at home, and partial credit for reducing 
greenhouse gas and/or other environmental 
emissions in the region. In all probability, they 
would also receive income from sales of the 
technologies. To the extent that countries in the 
region are technological competitors, however, 
some forms of collaboration could be problem-
atic without strong regional institutions to en-
courage cooperation, emphasize environmental 
and political-security benefits, and probably 
protect intellectual property rights as well.

North Korea’s Energy Insecurity: 
Highest Priority? 
Arguably, the most urgent imperative for re-
gional cooperation is the near-desperate energy 
situation in North Korea. The energy problems 
faced by the DPRK lie behind much of the inse-
curity felt about Pyongyang’s behavior. These 
insecurities include the threat of nuclear prolif-
eration, the risk of war on the Korean Peninsula, 
the use of nuclear weapons, and the specter of 
collapse and civil war in the North.

If South Korea, the U.S. and their partners in 
the Six-Party Talks can negotiate a non-violent 
resolution to North Korea’s nuclear challenge, 
the addressing of energy issues will almost cer-
tainly play a key role in the outcome. The dete-
rioration of North Korea’s energy sector between 
1996 and 2006 has, for the most part, been of a 
substantially more incremental nature than the 
changes the country experienced during the 

A successful approach to energy sector 
redevelopment in North Korea requires 
coordinated action on many different fronts, 
each done on a relatively small scale.
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first half of the 1990s. Still, the situation is bleak. 
Among the problems: 

• �A continuing decline in the supply of crude oil 
from China, significantly reducing the overall 
output of North Korea’s remaining major re-
finery, combined with a shift to commercial 
rather than “friendship” pricing

• �Continuing degradation of electricity genera-
tion infrastructure due to a lack of spare parts, 
a failure to perform maintenance work, and 
the use of high-sulfur fuels in boilers designed 
for low-sulfur coal

• �Continuing degradation of electricity transmis-
sion and distribution infrastructure, resulting 
in much-reduced availability of electricity in 
most parts of the country outside Pyongyang

• �The virtual collapse of industrial facilities, and 
the damage to industrial electric motors, from 
poor quality electricity (electricity with highly 
variable voltage and frequency)

• �Continuing difficulties with transport of all 
goods, especially coal

• �Problems in coal production caused by a lack 
of electricity

• �The flooding of mines in the Anju region
Overall, DPRK energy use has fallen by rough-

ly half in 2006 compared to its peak in about 
1990. Today, the residential sector uses an even 
larger share –more than half – of the overall en-
ergy budget while the industrial sector’s share 
has shrunk to under a quarter of the total. This 
change is the combined result of continued re-
duction in fuel demand in the industrial sector 
(as many industrial facilities have been shut 

down), relatively constant use of wood and other 
biomass fuels in the residential sector, and reduc-
tions in the use of other residential fuels, notably 
coal and electricity, that have been less severe 
than the reductions experienced by industry. 
The importance of biomass fuels to the energy 
budget is estimated to have increased dramati-
cally over the course of the decade, while the 
importance of commercial fuels has decreased. 
Demand for fuel has led to the diversion of avail-
able biomass into primary energy for human sur-
vival. This trend has dire implications for North 
Korea’s soil, forests, and watersheds. 

In addition, North Korea’s industrial and en-
ergy-using infrastructure, including heating 
systems in residential and other buildings, is an-
tiquated, based on outdated and inefficient tech-
nology. Also, a lack of fuel has apparently caused 
demand for energy services to go unmet. When 
and if supply constraints are removed, there is 
likely to be a surge in energy use.

Compounding the risk of a surge in demand 
is the virtual lack of energy-product markets 
in North Korea. Without further fuel pricing 
reforms, there will be few incentives for house-
holds and other users to adopt efficiency meas-
ures, or otherwise control their fuel consump-
tion. Anecdotal indications are that some pric-
ing reforms are underway, but it is not yet clear 
to what extent reforms have been implemented 
in the energy sector.

There are specific energy sector initiatives that 
would assist the process of rapprochement with 
North Korea, help get its economy and energy 

sector working in a sustainable and peaceful 
manner, and pave the way for additional coop-
erative activities. They include:16 

• �Assistance for economic, legal and policy 
reforms to stimulate and sustain energy 
sector rebuilding in North Korea. This could 
include reform of energy pricing practices, 
and the physical infrastructure to implement 
them; capacity building for careful energy 
planning to allow aid to be based on rational 
objectives; training for people working in 

energy industries; strengthening regulatory 
agencies and educational/research institu-
tions; and involving the private sector in in-
vestments and technology transfer.

• �Rebuilding the country’s power transmis-
sion and distribution (T&D) system. The 
most cost-effective approach for assistance 
in this area would be to start by working with 
North Korean engineers to identify and priori-
tize a list of T&D sector improvements and in-
vestments, and to provide limited funding for 
pilot installations – perhaps in a so-called spe-
cial economic zone or other designated area. 

• �Rehabilitation of power plants and other 
coal-using infrastructure. The initial focus 
should be on improvements in small, medium, 
and district heating boilers for humanitarian 
end-uses such as residential heating. 

• �Rehabilitation of coal supply and coal trans-
port systems. Strengthening of the coal sup-
ply and transport systems must go hand in 
hand with boiler rehabilitation if the amount 
of useful energy available is to increase. 

• �Development of alternative sources of 
small-scale energy and implementation of 
energy-efficiency measures. We have worked 
with North Koreans who have a keen interest 
in renewable energy and energy-efficiency 
technologies. This interest is consistent with 

both the DPRK philosophy of self-sufficiency 
and the practical necessities of providing power 
and services to local areas when national-level 
supply systems are unreliable, at best. Such 
projects should be fast, small and cheap, and 
should start by emphasizing agricultural and 
humanitarian applications.

• �Rehabilitation of rural infrastructure. The 
goal of a rural energy rehabilitation program 
would be to provide the modern inputs neces-
sary to allow North Korean agriculture to re-
cover sustainable production levels and meet 
the basic needs of the rural population.

• �Begin transition to the use of gas with Liq-
uid Petroleum Gas (LPG) networks. LPG is 
more expensive than natural gas, but the in-
frastructure to import LPG, relative to lique-
fied natural gas (LNG), is much easier and less 
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sion and distribution infrastructure, resulting 
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• �Problems in coal production caused by a lack 
of electricity
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ergy budget while the industrial sector’s share 
has shrunk to under a quarter of the total. This 
change is the combined result of continued re-
duction in fuel demand in the industrial sector 
(as many industrial facilities have been shut 

down), relatively constant use of wood and other 
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coal and electricity, that have been less severe 
than the reductions experienced by industry. 
The importance of biomass fuels to the energy 
budget is estimated to have increased dramati-
cally over the course of the decade, while the 
importance of commercial fuels has decreased. 
Demand for fuel has led to the diversion of avail-
able biomass into primary energy for human sur-
vival. This trend has dire implications for North 
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ergy-using infrastructure, including heating 
systems in residential and other buildings, is an-
tiquated, based on outdated and inefficient tech-
nology. Also, a lack of fuel has apparently caused 
demand for energy services to go unmet. When 
and if supply constraints are removed, there is 
likely to be a surge in energy use.

Compounding the risk of a surge in demand 
is the virtual lack of energy-product markets 
in North Korea. Without further fuel pricing 
reforms, there will be few incentives for house-
holds and other users to adopt efficiency meas-
ures, or otherwise control their fuel consump-
tion. Anecdotal indications are that some pric-
ing reforms are underway, but it is not yet clear 
to what extent reforms have been implemented 
in the energy sector.

There are specific energy sector initiatives that 
would assist the process of rapprochement with 
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manner, and pave the way for additional coop-
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and the physical infrastructure to implement 
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• �Rebuilding the country’s power transmis-
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most cost-effective approach for assistance 
in this area would be to start by working with 
North Korean engineers to identify and priori-
tize a list of T&D sector improvements and in-
vestments, and to provide limited funding for 
pilot installations – perhaps in a so-called spe-
cial economic zone or other designated area. 
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coal-using infrastructure. The initial focus 
should be on improvements in small, medium, 
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end-uses such as residential heating. 
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and the practical necessities of providing power 
and services to local areas when national-level 
supply systems are unreliable, at best. Such 
projects should be fast, small and cheap, and 
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humanitarian applications.

• �Rehabilitation of rural infrastructure. The 
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would be to provide the modern inputs neces-
sary to allow North Korean agriculture to re-
cover sustainable production levels and meet 
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expensive to develop, and allows imports in 
smaller quantities. LNG is also clean-burning 
and has limited potential for military diversion. 
Setting up LPG networks can be a first step to-
ward the use of natural gas in the DPRK. Ulti-
mately, natural gas pipelines and LNG termi-
nals, shared with neighboring countries, can 
serve as a step toward economic development 
coupled with regional integration.
A successful approach to energy sector re-

development in North Korea requires coordi-
nated action on many different fronts, each 
done on a relatively small scale. Preferably, 
many different “actors” from outside North 
Korea would be involved, including non-gov-
ernmental organizations, bilateral aid pro-
grams, and international organizations. They 
should engage a range of different organiza-
tions within the country. Doing so will not be 

Apart from the obvious 
need to find a peaceful 
resolution to the 
current international 
crisis over North 
Korea’s nuclear 
weapons program, 
moving forward 
with energy sector 
redevelopment will 
require overcoming a 
variety of hurdles. 

easy, but it is necessary, because funneling 
many projects through a single “gateway” 
organization in North Korea could quickly 
overwhelm the organization’s capacity to ac-
cept and manage projects, resulting in delays, 
inefficiency, and worse.

Working with North Korean counterparts to 
identify projects that are of most interest, while 
still providing the development and humanitar-
ian benefits desired by outside donors, will also 
be required. The emphasis should be on projects 
that North Korean institutions, including local 
organizations, can learn from and replicate, and 
which help local development. Putting interna-
tional experts in positions to work closely with 
North Korean counterparts in the field is a key 
element in assuring the success of such projects.

Apart from the obvious need to find a peaceful 
resolution to the current international crisis over 
North Korea’s nuclear weapons program, moving 
forward with energy sector redevelopment will 
require overcoming a variety of hurdles. These 
include lack of financing from outside sources 
so long as the nuclear weapons issue remains 
unresolved; lack of trained counterparts with-
in North Korea who understand international 
project implementation standards; the need to 
couple energy sector redevelopment with overall 
economic redevelopment, so that North Korea 
can fund follow-up efforts; and, finally, the need 
to improve the quality of information available 
about North Korea’s real energy needs.

Getting past these hurdles will require vision 
on the part of the international community 

and an approach to aid that engages North 
Koreans and builds capacity at every oppor-
tunity. Above all, it will require patience and a 
long-term commitment. 

Conclusion
Notably absent from the list of regional initiatives 
to address North Korea’s energy insecurity pre-
sented above are typical large-scale, intergovern-
mental energy projects. These would be bound to 
fail. We believe regional energy security is more 
likely to emerge from activities that 1) build con-
fidence between countries and communities 
within the region; 2) enhance social, institutional, 
scientific and technological capacity to manage 
the energy-security-environment nexus; and 3) 
achieve an environmental benefit which is specif-
ic and measurable in the short-term. We believe 
that anyone promoting energy security initiatives 
should be able to show that such projects:
1. Promote Common Understanding: An 
initiative should assist in creating a common 
understanding of energy-environment-security 
linkages. In part, common understanding rests 
on cooperative scientific assessment. 
2. Build Constituency and Political Will: An 
initiative should build a broad constituency and 
generate political will for further regional envi-
ronmental cooperation. 
3. Use Complementary Strengths: An initia-
tive should draw on complementary strengths 
of countries in the region (analytical, techno-
logical, etc.).
4. Promote Interdependence and Mutual In-
terest: An initiative should stem from recog-
nized mutual interests in Northeast Asia, and 
from mutual interests, it should seek to build a 
sense of interdependence. 
5. Use (and Reform) Existing Institutional 
Channels: If possible, the implementation of 

an initiative should utilize existing institutional 
channels rather than create new channels. 
6. Require Modest and Shared Cost: An initia-
tive must be financially modest, with a shared 
startup cost of less than half a million dollars. 
Over the long term, the initiative should be 
based on the principle that the costs of regional 
cooperation are borne by all parties. 
7. Be Fundable, Flexible and Sustainable: An 
initiative should be one for which funding can 
readily be secured. In other words, it fits with-
in the guidelines of present funding agencies. 
It should be flexible to allow a change of the 
course of implementation, and should have a 
durability that raises the prospects of continua-
tion beyond an initial implementation phase. 
8. Possess Specific, Measurable Benefit and 
Short-Term Payback: An initiative should have 
a specific and measurable benefit, so that there 
are well-defined benchmarks for success or fail-
ure of the initiative. Also, the initiative should 
have a significant short-term payback. Projects 
with the greatest political payoff are the most 
likely to be funded and to succeed. 

This leads naturally to the question: who 
are the likely leaders and champions of such 
projects? Not national governments and large 
companies. They are likely to overlook many 
opportunities of this scale. Civil society organi-
zations, individual utilities, and local and urban 
governments, on the other hand, are more like-
ly to see the value in starting, and successfully 
implementing, such small-scale initiatives. It is 
from such seeds that forests grow.

Peter Hayes is executive director of the 
Nautilus Institute for Security and Sustainable 
Development and a member of the Editorial 
Board of Global Asia; David von Hippel is a 
senior associate at the Nautilus Institute.
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and has limited potential for military diversion. 
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ward the use of natural gas in the DPRK. Ulti-
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nals, shared with neighboring countries, can 
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ernmental organizations, bilateral aid pro-
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current international 
crisis over North 
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easy, but it is necessary, because funneling 
many projects through a single “gateway” 
organization in North Korea could quickly 
overwhelm the organization’s capacity to ac-
cept and manage projects, resulting in delays, 
inefficiency, and worse.

Working with North Korean counterparts to 
identify projects that are of most interest, while 
still providing the development and humanitar-
ian benefits desired by outside donors, will also 
be required. The emphasis should be on projects 
that North Korean institutions, including local 
organizations, can learn from and replicate, and 
which help local development. Putting interna-
tional experts in positions to work closely with 
North Korean counterparts in the field is a key 
element in assuring the success of such projects.

Apart from the obvious need to find a peaceful 
resolution to the current international crisis over 
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require overcoming a variety of hurdles. These 
include lack of financing from outside sources 
so long as the nuclear weapons issue remains 
unresolved; lack of trained counterparts with-
in North Korea who understand international 
project implementation standards; the need to 
couple energy sector redevelopment with overall 
economic redevelopment, so that North Korea 
can fund follow-up efforts; and, finally, the need 
to improve the quality of information available 
about North Korea’s real energy needs.

Getting past these hurdles will require vision 
on the part of the international community 

and an approach to aid that engages North 
Koreans and builds capacity at every oppor-
tunity. Above all, it will require patience and a 
long-term commitment. 
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mental energy projects. These would be bound to 
fail. We believe regional energy security is more 
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fidence between countries and communities 
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achieve an environmental benefit which is specif-
ic and measurable in the short-term. We believe 
that anyone promoting energy security initiatives 
should be able to show that such projects:
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initiative should assist in creating a common 
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linkages. In part, common understanding rests 
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generate political will for further regional envi-
ronmental cooperation. 
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from mutual interests, it should seek to build a 
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an initiative should utilize existing institutional 
channels rather than create new channels. 
6. Require Modest and Shared Cost: An initia-
tive must be financially modest, with a shared 
startup cost of less than half a million dollars. 
Over the long term, the initiative should be 
based on the principle that the costs of regional 
cooperation are borne by all parties. 
7. Be Fundable, Flexible and Sustainable: An 
initiative should be one for which funding can 
readily be secured. In other words, it fits with-
in the guidelines of present funding agencies. 
It should be flexible to allow a change of the 
course of implementation, and should have a 
durability that raises the prospects of continua-
tion beyond an initial implementation phase. 
8. Possess Specific, Measurable Benefit and 
Short-Term Payback: An initiative should have 
a specific and measurable benefit, so that there 
are well-defined benchmarks for success or fail-
ure of the initiative. Also, the initiative should 
have a significant short-term payback. Projects 
with the greatest political payoff are the most 
likely to be funded and to succeed. 

This leads naturally to the question: who 
are the likely leaders and champions of such 
projects? Not national governments and large 
companies. They are likely to overlook many 
opportunities of this scale. Civil society organi-
zations, individual utilities, and local and urban 
governments, on the other hand, are more like-
ly to see the value in starting, and successfully 
implementing, such small-scale initiatives. It is 
from such seeds that forests grow.
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