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Executive summary

Proposals to interlink the power grids of the countries of North-East Asia1 stretch back to at least 

the early 1990s. Since then, multiple shifts in the energy landscape at the global, regional and 

national levels have taken place, creating a number of drivers for increased cooperation to develop 

regional power grids. Among the most profound shifts are the rising cost competitiveness of 

renewable energy sources, such as wind and solar PV; cost and efficiency improvements in long-

distance transmission technologies; the establishment of relevant regional and intercontinental 

integration projects, including the Belt and Road Initiative; and the pressing need to decarbonize 

the energy sector, in line with the commitments made under the Paris Agreement on Climate 

Change.

This report examines the opportunity to enhance cross-border power grid connectivity in 

North-East Asia. Based on a comprehensive literature review of more than 130 studies and 

contributions by national experts, this report presents policymakers and other stakeholders 

with an overview of the potential benefits of regional power grid interconnection, with a focus 

on sustainability. It also describes potential challenges that will need to be addressed to ensure 

the success of integration efforts and to better link these efforts to the transition to low-carbon 

power systems. Finally, the report proposes a set of recommendations designed to guide and 

facilitate cooperation between the Governments of North-East Asia and other stakeholders 

to advance the process of regional power system integration. 

A. Why North-East Asia should support power system integration

The six countries that make up North-East Asia are collectively endowed with the energy 

resources, technological expertise, financial resources and human capital necessary to develop 

a functioning regional power grid. The varying economic, climatic and geographical conditions 

across North-East Asia create synergies that make regional interconnections an economically 

and environmentally beneficial option. At the same time, this diversity brings with it challenges 

that require coordinated interventions to overcome. 

Cooperation on power grid connectivity will allow the countries of North-East Asia to leverage 

regional diversity, and to profit from the economic, environmental and social benefits that 

interconnected power systems can bring. 

For example, power interconnection opens new markets for resource-rich countries, while 

providing countries with high or growing demand or limited potential to develop renewable 

resources domestically as well as access to sources of low-cost, low-carbon electricity. 

Integration allows regions to do more with less – avoiding investments by enabling power 

systems to serve demand with less generation and transmission than would otherwise be 

necessary, and improving the economies of scale for projects that are built. Regional integration 

linked to sustainability efforts can also reduce heavy air pollution – a particular problem in the 

urban areas of China, Mongolia and the Republic of Korea – and carbon emissions. This, and 

the economic development associated with the integration process such as the development 

1	 Defined,	in	this	context,	as	the	People’s	Republic	of	China,	Democratic	People’s	Republic	of	Korea,	Japan,	
Mongolia,	Republic	of	Korea	and	Russian	Federation.
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of new transmission lines, also has considerable potential to improve social welfare, raise living 

standards and contribute to the economic development.

Finally, enhancing regional power grid interconnection can contribute to strengthening 

regional energy security and the stability of the regional power system. It can increase the 

overall resilience of the regional power system by reducing reliance on fossil fuel imports and by 

diversifying the electricity supplies of the interconnected countries. It will also support broader 

regional integration and peace by providing a new framework for cooperation and creating 

mutual positive interdependencies between the North-East Asian countries.

B. How to move forward

Power system integration is a process that requires work across a range of technical, economic, 

policy and social issues. Based on the research done for this paper, and guided by the draft 

United Nations Economic and Social Commission for Asia and the Pacific (ESCAP) Electricity 

Connectivity Roadmap for Asia and the Pacific,2 this report outlines a series of strategies to 

advance interconnection in North-East Asia in an efficient and sustainable manner. 

The first strategy, “Building trust and political consensus on power grid connectivity”, stresses 

the importance of political will. Support at the political level is essential, and should be enabled 

through the establishment of an inclusive governmental dialogue and engagement with national 

stakeholders.

The second strategy, “Developing a Master Plan for regional power grid interconnection”, builds 

on the ongoing work of the utilities and other actors to provide a vision for North-East Asia that 

demonstrates the feasibility and benefits of integration. 

The third strategy “Developing and implementing Intergovernmental Agreements, creating 

a broader institutional framework”, emphasizes that successful cooperation on power grid 

connectivity requires the presence of transparent and functional institutional frameworks. 

Appropriate institutional arrangements can be developed through platforms like the North-

East Asia Power Interconnection and Cooperation (NEARPIC) Forum, which has been enabling 

high-level dialogue on this topic since 2016. 

The fourth strategy, “Coordinating, harmonizing and institutionalizing policy and regulatory 

frameworks”, highlights the need for cooperation on relevant policy and regulatory issues, 

such as harmonization of technology standards and grid codes to ensure efficient and secure 

integration. 

The fifth strategy, “Moving towards multilateral power trade and creating competitive markets 

for cross-border electricity trade”, suggests the gradual development of regional market 

frameworks to support the power trade. Short-term steps such as harmonized bilateral trading 

agreements and a standardized pricing methodology can lay the foundation for the development 

of full multilateral trading. 

2	 More	details	about	the	nine	strategies,	included	related	analyses,	can	be	found	in	the	draft	“Electricity	
Connectivity	Roadmap	for	Asia	and	the	Pacific:	Strategies	towards	interconnecting	the	region’s	grids”.	
Available	at	https://www.unescap.org/publications/electricity-connectivity-roadmap-asia-and-pacific-
strategies-towards-interconnecting.
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The sixth strategy, “Coordinating cross-border transmission planning and system operations”, 

focuses on enabling efficient technical coordination and seamless operations across borders. 

This includes joint emergency response mechanisms, coordinated ancillary services and the 

secure sharing of non-sensitive data.

The seventh strategy, “Mobilizing investment in cross-border grid and generation infrastructure”, 

focuses on the need to develop more cross-border power grid infrastructure and generation 

assets. A transparent and coherent legal framework for power sector investments, or including 

power issues in a full multilateral trade agreement, would help to create a favourable investment 

climate.

The eighth strategy, “Capacity-building and sharing of information, data, and best practices”, 

points to the benefits of sharing best practices and joint capacity-building. Tools such as ESCAP’s 

Asia Pacific Energy Portal (www.asiapacificenergy.org) can support information sharing, while 

dialogue with communities and increased public awareness of the benefits of interconnection 

can help to secure local support.

The ninth, cross-cutting strategy, “Ensuring that energy connectivity initiatives are 

compatible with the Sustainable Development Goals”, stresses the importance of considering 

cross-border projects holistically. This includes considering the needs of the poorest and 

most vulnerable population groups, and integrating sustainable energy guidelines into power 

connectivity projects.

Taken together, these strategies provide a path forward for increased power integration in 

North-East Asia. Most importantly, they support integration in such a way as ensure alignment 

with, and even strengthen, national efforts to develop secure, sustainable power sectors and 

to meet the Sustainable Development Goals. 

While much work remains to be done, momentum behind increased integration is building, and 

the foundation for success is already being laid out. Regional power system integration is a tool, 

not a goal. Properly guided, increased connectivity will support the development of a secure, 

sustainable and affordable power system across North-East Asia.

xii
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Introduction
Towards sustainable 
energy for all through 
regional power grid 
interconnection

A. Purpose and structure of this report

Purpose of this report

Cooperation	on	power	grid	connectivity	in	North-East	Asia3	is	a	

topic	that	has	been	the	focus	of	much	research	for	more	than	three	

decades.	Numerous	studies	have	been	conducted,	commissioned	

by	research	institutions,	national	Governments	and	international	

organizations.	However,	despite	this	interest	and	the	obvious	urgency	

of	this	topic,	no	consolidated	vision	for	power	grid	connectivity	

in	North-East	Asia	has	been	developed.	One	major	reason	is	the	

inherent	complexity	of	the	issue	of	power	grid	connectivity,	given	

the	vast	array	of	aspects	involved.	Thus,	it	comes	as	no	surprise	that	

the	existing	studies,	though	numerous	and	very	detailed,	cover	only	

limited	dimensions	of	the	overall	issue.	

3	 There	are	numerous	definitions	of	“North-East	Asia”,	among	them	those	based	
on	physical	(geographic),	economic,	historic	and	cultural	characteristics.	For	
the	purposes	of	this	report	North-East	Asia	is	defined	in	line	with	the	regional	
categorization	employed	by	the	United	Nations	–	a	subregion	of	Asia-Pacific	
consisting	of	six	member	States:	People’s	Republic	of	China,	Democratic	
People’s	Republic	of	Korea,	Japan,	Mongolia,	Republic	of	Korea	and	Russian	
Federation.

1
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The	purpose	of	this	report	is	threefold.	First,	it	aims	to	

explore	and	consolidate	the	abundant	yet	scattered	

body	of	knowledge	on	power	grid	connectivity	in	North-

East	Asia,	in	order	to	create	a	transparent	overview	

of	 the	 existing	 cross-border	 interconnections	 and	

arrangements	in	the	region,	and	the	interconnection	

initiatives	proposed	up	to	now.	This	analysis	focuses	

on	the	benefits	that	can	be	gained	from	cooperation	

on	connectivity	and	 the	challenges	 that	have	 to	be	

addressed	in	the	interconnection	process.

Second,	based	on	this	overview,	this	report	aims	to	map	

the	scope	for	action	by	the	main	stakeholders	involved,	

among	them	member	States,	subregional	organizations,	

international	 financial	 institutions,	 international	

organizations,	the	private	sector	and	academia.	In	line	

with	the	draft	Regional	Roadmap	for	Power	System	

Connectivity,	developed	by	ESCAP’s	Expert	Working	

Group	on	Energy	Connectivity	(UN	ESCAP,	2019),	this	

report	offers	policy	recommendations	for	addressing	

the	challenges	ahead	and	for	making	the	most	of	the	

benefits	that	a	regionally	interconnected	power	system	

in	North-East	Asia	has	to	offer.

Third,	in	line	with	the	Sustainable	Development	Agenda	

2030,	adopted	by	the	United	Nations	Member	States	

in	 2015,	 this	 report	 aims	 to	 examine	 the	 potential	

of	power	grid	connectivity	in	North-East	Asia	from	a	

sustainability	perspective.	Research	carried	out	to-date	

has	not	focused	on	the	linkages	between	power	grid	

interconnection	and	sustainable	development.	As	the	

review	of	the	existing	knowledge	database	will	show,	

while	the	economic	benefits,	technical	specifications	

as	well	as	political	and	security	aspects	of	cooperation	

towards	interconnected	power	systems	in	the	region	are	

the	central	focus	for	analysis,	the	sustainability	of	the	

envisaged	interconnection	models	is	rarely	addressed.	

This	report,	therefore,	attempts	to	make	sense	of	the	

results	offered	by	the	existing	studies	and	to	offer	policy	

advice	for	cooperation	towards	a	sustainable	power	grid	
connectivity	in	North-East	Asia.

Sustainability and power grid interconnection: 
Conceptual framework of the report

As	defined	by	the	Brundtland	Commission’s	report,	

Our Common Future,	sustainable	development	is	the	
“development	 that	meets	 the	needs	of	 the	present	

without	compromising	the	ability	of	future	generations	

to	meet	their	own	need”	and,	as	such,	is	a	highly	complex	

and	multidimensional	concept.	This	complexity	is	best	

demonstrated	by	the	seventeen	adopted	Sustainable	

Development	Goals	(SDGs),	each	of	which	has	several	

further	sub-issues	(targets	and	indicators)	to	be	met.	

For	the	purposes	of	this	report,	the	term	“sustainability”	

will	be	used	as	defined	by	the	United	Nations	through	

the	seventeen	SDGs.

It	 has	 become	 increasingly	 important	 to	 consider	

changes	in	global	and	national	energy	systems	from	a	

sustainability	perspective.	Aside	from	the	obvious	long-

term	merit	of	pursuing	a	sustainable	energy	system,	it	

allows	countries	and	regions	–	each	of	which	have	their	

own	and	often	very	different	policy	agendas	–	to	work	

towards	a	common	vision.	Fundamental	to	economic	

development	and	social	welfare,	energy	is	perceived	

to	have	a	strategic	value	and,	as	such,	is	often	framed	

as	a	matter	of	national	interest.	This	is	reflected	in	the	

national	energy	security	agendas,	which	are	based	on	

the	economic	and	political	interests	of	the	respective	

countries	and	are	therefore	often	very	different,	or	even	

seemingly	conflicting.	These	perceived	differences	are	

one	of	the	major	obstacles	to	cooperation	on	energy	

security,	be	 it	at	 the	subregional,	regional	or	global	

scope.	

The	recently	emerged	patterns	of	interstate	cooperation	

on	energy	transition	face	the	same	challenge;	there	is	no	

universally	acknowledged	definition	of	energy	transition,	

and	 each	 country	 has	 its	 own	 preferences	 for	 the	

pathway,	means	or	the	desired	energy	sources	towards	

the	future	low-carbon	energy	system.	Approaching	both	

issues	of	energy	security	and	energy	transition	from	

a	sustainability	angle	provides	national	Governments	

with	the	necessary	common	ground	for	cooperation.	

Regardless	of	the	political,	economic	or	even	geographic	

conditions	of	the	respective	countries,	the	aspirational	

future	energy	system	is	one	which	provides	universal	

access	to	affordable,	reliable,	sustainable	and	modern	

energy	(Pastukhova	and	Westphal,	2020).	This	has	been	

encapsulated	as	the	Sustainable	Development	Goal	on	

Energy	(SDG	7)	within	the	Sustainable	Development	

Agenda,	adopted	by	the	Governments	of	193	United	

Nations	Member	States.

In	a	similar	manner,	approaching	cooperation	on	power	

grid	connectivity	from	this	perspective	does	not	only	

allow	the	national	Governments	and	other	stakeholders	

to	contribute	to	a	sustainable	future.	It	also	provides	

them	with	 the	 foundation	 on	which	 they	 can	 build	

a	universally	agreed,	common	vision	on	power	grid	

connectivity.	
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The	review	of	the	benefits	and	challenges	of	the	regional	

power	 grid	 interconnection	 in	North-East	Asia	will	

therefore	be	structured	along	 four	 thematic	pillars	

(figure	1).	The	first	three	are	generally	acknowledged	

to	 be	 the	 three	 main	 pillars	 of	 sustainability	 –	

economic,	environmental	and	social.	The	fourth	will	

address	 technical	 benefits	 and	 challenges	 of	 such	

interconnection.	Due	 to	 the	 fact	 that	a	 sustainable	

power	system	of	the	future	is	universally	acknowledged	

to	be	based	on	new,	low-carbon	technologies	as	well	as	

increasingly	interconnected	and	digitalized	means	of	

operation	and	control,	this	report	deems	the	pillar	on	

technical	aspects	to	be	necessary	for	a	comprehensive	

picture.	

B. Studies on power grid 
interconnection in North-East 
Asia: A review

This	 report	 is	 based	on	129	 region-specific	 studies	

conducted	on	power	grid	connectivity	issues	for	the	

past	 three	 decades	 (figure	 2).	 While	 certainly	 not	

exhaustive,	the	list	of	the	analysed	studies	represents	

a	 solid	 knowledge	 base	 which,	 when	 consolidated,	

offers	a	comprehensive	overview	of	the	interconnection	

initiatives	 proposed	 up	 to	 date,	 the	 benefits	 and	

challenges	of	these	specific	initiatives	as	well	as	the	

general	desirability	of	a	regional	power	interconnection.

With	first	studies	being	published	in	the	mid-1990s	–	

the	“oldest”	in	the	list	of	reviewed	papers	was	published	

in	1994,	by	researchers	from	the	Melentyev	Energy	

Figure 1 _ Possible contributions of increased power grid connectivity in North-East Asia to SDG 7
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Systems	Institute	(Belyaev	et	al.,	1994)	–	the	knowledge	

base	on	power	grid	 interconnection	for	North-East	

Asia	has	been	accumulating	for	nearly	three	decades.	

As	is	demonstrated	by	the	timeline	representing	the	

number	of	studies	published	in	various	years,	research	

work	on	power	grid	interconnections	surged	in	2018,	

which	might	be	related	to	several	factors.	Among	these	

are:	changes	in	the	political	and	economic	environment	

increasing	 urgency	 of	 the	 issue	 of	 connectivity;	

intensified	international	discussions	on	the	issue,	i.e.,	

within	the	framework	of	the	yearly	North-East	Asia	

Power	Interconnection	and	Cooperation	(NEARPIC)	

Forum;	and	the	emergence	of	the	Global Power Grid 
Interconnection,	 a	 journal	 issued	 by	 the	 GEIDCO	
featuring	studies	on	connectivity.	Compilation	of	the	

database	 was	 completed	 by	 late	 September	 2020.	

Consequently,	this	report	cannot	make	an	accurate	

statement	on	the	number	of	studies	published	in	2020.	

However,	given	the	fact	that	the	latest	studies	available	

at	 that	 time	were	dated	summer	2020,	 it	 is	 safe	 to	

assume	that	research	activity	on	this	issue	has	remained	

on	a	level	comparable	to	that	of	2019.

Although	about	one	third	of	the	studies	have	been	the	

result	of	international	cooperation	between	experts	

from	several	institutions,	the	majority	of	the	reviewed	

research	has	been	commissioned	by	and/or	conducted	

under	the	auspices	of	the	research	institutions	based	in	

China,	Japan,	Mongolia,	the	Republic	of	Korea	and	the	

Russian	Federation	(figure	3).	

In	China,	the	research	is	led	within	the	China	Electric	

Power	 Planning	 and	 Engineering	 Institute	 (EPPEI),	

Global	 Energy	 Interconnection	 Development	 and	

Cooperation	Organization	(GEIDCO),	China	Electric	

Power	 Research	 Institute	 (CEPRI),	 In	 Tech	 China,	

China	 Datang	 Corporation	 and	 State	 Grid	 Energy	

Research	Institute	as	well	by	the	experts	representing	

Figure 2 _ Studies by year of publication, 1994-2020
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several	universities	–	among	them	Dalian	University	

of	 Technology,	 Tsinghua	 University,	 Xi’an	 Jiaotong	

University	and	Lingnan	University	(Hong	Kong).

Among	the	Japanese	institutions	actively	engaged	in	

research	on	these	topics	are	the	Renewable	Energy	

Institute	(REI),	Economic	Research	Institute	for	North-

East	Asia	(ERINA),	Institute	of	Energy	Economics	Japan	

(IEEJ)	and	the	affiliated	Asia-Pacific	Energy	Research	

Centre	(APERC),	Mizuho	Information	and	Research	

Institute,	TEPCO	Research	Institute,	Tohoku	University	

and	Nagaoka	University	of	Technology.

In	Mongolia,	primarily	the	Mongolian	Energy	Economics	

Institute	(MEEI)	and	the	Mongolian	State	University	of	

Science	and	Technology	(MUST)	are	working	on	the	issue	

of	power	grid	connectivity.	Although	only	one	study	

published	by	researchers	from	MUST	is	reviewed	within	

this	report,	presentations	on	the	national	power	grid	

situation	and	the	Mongolian	vision	of	the	regional	power	

grid	interconnection	by	the	MEEI	experts	on	numerous	

occasions,	during	the	NEARPIC	events,	have	been	taken	

into	account	when	drafting	the	country’s	power	system	

profile.	

Experts	studying	power	grid	connectivity	in	Republic	

of	Korea	represent	Energy	Economics	Institute	of	the	

Republic	of	Korea	(KEEI),	The	Korea	Electrotechnology	

Research	 Institute	 (KERI),	 Korea	 Institute	 for	

International	Economic	Policy	(KIEP),	KEPRI/KEPCO	

research	institute,	Korea	Electrical	Engineering	and	

Science	Research	Institute	(KESRI),	Samsung	Economic	

Research	 Institute,	 Seoul	 National	 University,	 Silla	

University,	Daejin	University	and	Gyeongsang	National	

University,	Hongik	University

In	the	Russian	Federation,	the	main	body	of	research	is	

being	published	by	experts	from	the	Melentiev	Energy	

Systems	 Institute	 (SO	 RAN),	 while	 other	 research	

institutes,	among	them	Skolkovo	Institute	of	Science	

and	Technology	and	Khabarovsk	Economic	Research	

Institute,	are	addressing	the	issue.

The	 international	 organizations	 and	 research	

institutions	from	outside	the	region	that	are	working	

on	 the	 issue	 include	 the	 Institute	 of	 Electrical	 and	

Electronics	Engineers	(IEEE),	Energy	Charter,	the	Asian	

Development	Bank	(ADB),	the	International	Energy	

Agency	(IEA),	and	the	International	Electrotechnical	

Commission	(IEC).	The	issues	addressed	by	the	studies	

on	North-East	Asia	connectivity	are	shown	in	figure	4.

When	it	comes	to	the	thematic	scope,	technical	and	

economic	issues	dominate	the	analysis.	The	inherent	

question	addressed	by	the	majority	of	studies	is	related	

to	 the	 integrated	 value	 of	 enhancing	 cross-border	

transmission	 links	 or	 developing	 a	 regional	 power	

grid	interconnection.	Various	power	interconnection	

initiatives	are	analysed	regarding	their	potential	to	

contribute	to	a	wide	array	of	issues,	such	as	reducing	

electricity	 cost,	 improving	 energy	 infrastructure,	

improving	energy	security,	driving	economic	growth,	

Figure 4 _ Issues addressed by the studies on North-East Asia connectivity
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reducing	environmental	emissions	and	creating	new	

employment	opportunities.	

It	is	important	to	note	that	the	issues	under	focus	differ	

among	the	research	institutes	of	the	different	North-

East	 Asian	 countries,	 which	 is	 an	 indication	 of	 the	

differences	in	the	respective	energy	policy	agenda	of	

these	countries.	While	Japanese	and	Korean	research	

institutes	pay	more	attention	to	electricity	cost,	design	

of	the	power	system	and	security	of	energy	supply,	the	

Russian	Federation	and	Mongolia	focus	on	the	potential	

to	boost	economic	growth	and	the	creation	of	employed	

positions.	Another	focus	of	studies	led	by	Korean	experts	

are	environmental	concerns	together	with	the	issue	of	

emissions	reduction,	which	are	also	the	major	focus	of	

the	research	conducted	by	Chinese	institutions.	Figure	5	

illustrates	the	Interconnection	projects	now	in	focus

A	review	of	the	interconnection	projects	in	focus	of	the	

respective	studies	shows	that,	rather	than	a	concrete	

vision	 for	 regional	 power	 grid	 interconnection,	 the	

existing	research	addresses	various	aspects	of	power	

grid	 connectivity	 applied	 to	 the	 North-East	 Asian	

region.	 In	 contrast	 to	 that,	 another	 major	 part	 of	

the	studies	presents	more	detailed	estimations	and	

feasibility	studies	of	concrete	bilateral	interconnection	

projects.	 Although	 studies	 of	 concrete	 regional	

interconnection	initiatives	–	including	the	North-East	

Asia	 Super	 Grid,	 North-East	 Asian	 Region	 Electric	

System	 Ties	 (NEAREST),	 North-East	 Asia	 Power	

System	 Interconnection	 (NAPSI),	 Asian	 Super	Grid	

and	Gobitec	as	well	as	the	North-East	Asian	section	

of	the	Global	Energy	Interconnection	(NEAEI)4	–	have	

been	published,	particularly	in	the	recent	years,	the	

dominant	focus	on	general	issues	of	connectivity	and	

bilateral	interconnections	demonstrate	the	current	lack	

of	a	common	vision	on	power	grid	connectivity	among	

North-East	Asian	countries.

C. Regional specifics of North-East 
Asia: Inherent obstacles and new 
stimuli for cooperation on power 
grid connectivity

There	are	many	examples	of	 successful	 integration	

of	the	power	markets	on	the	regional	scale,	with	the	

most	prominent	examples	being	the	European	and	the	

North	American	power	grids.	These	experiences	cannot,	

however,	be	directly	transferred	to	North-East	Asia,	

where	several	region-specific	factors	have	long	impeded	

cooperation	on	regional	power	grid	connectivity.

First,	geographic	constraints	have	long	been,	and	still	

remain,	a	major	obstacle	to	the	development	of	regional	

interconnection	ties.	For	example,	building	a	regionally	

interconnected	 power	 system	 would	 inevitably	

4	 Focus	on	one	of	these	interconnection	initiatives	is,	to	a	
large	extent,	predetermined	by	the	institute	of	origin	of	the	
respective	initiatives.	For	example,	the	NEAREST	initiative	has	
been	developed	by	KERI,	GEI	by	GEIDCO	and	the	Asian	Super	
Grid	by	the	Renewable	Energy	Institute.

Figure 5 _ Interconnection projects in focus
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involve	construction	of	submarine	transmission	lines,	

which,	until	very	recently,	have	not	been	considered	

cost-efficient.	Long	distances	between	major	power	

generation	centres	and	load	centres	as	well	as	rough	

terrain	in	many	parts	of	continental	North-East	Asia	

are	further	complications	that	require	implementation	

of	 technically	 complex	 solutions	 in	order	 to	enable	

power	exchange	between	the	countries.	Lack	of	the	

infrastructure	 necessary	 for	 the	 construction	 of	

transmission	 lines	 in	 the	 less	populated	areas	adds	

another	 challenge	 that	 even	 further	 increases	 the	

upfront	cost	of	power	interconnection	projects.

Second,	 the	 perceived	 need	 for	 cross-border	

interconnections	has	not	been	very	pronounced	in	the	

past	three	decades.	Until	recently,	electricity	demand	

in	the	North-East	Asian	countries	has	been	largely	met	

by	domestic	power	generation	(with	the	exception	of	

Mongolia).

Finally,	political	tensions	in	the	region	remain	the	biggest	

obstacle	for	the	cooperation	on	regional	power	grid	

connectivity.	Although	there	have	been	no	large	military	

conflicts	in	the	region	since	the	end	of	the	Korean	War,	

historical	sentiments,	multiple	territorial	disputes	and	

geopolitical	rivalries	impede	regional	cooperation.	The	

countries	of	North-East	Asia	will	have	to	overcome	

past	political	disagreements	in	order	to	move	towards	

regional	cooperation	on	power	grid	connectivity.	Once	

the	first	step	has	been	taken,	cooperation	on	power	

grid	connectivity	itself	could	become	a	central	impetus	

towards	deeper	political	integration,	contributing	to	

peace	and	security	in	the	region.

Despite	the	aforementioned	challenges,	momentum	

to	begin	cooperation	has	been	building	up	for	about	a	

decade	and	recent	political	and	economic	developments,	

both	on	the	regional	and	the	global	scale	have	added	

a	 new	 sense	 of	 urgency	 to	 the	 issue	 of	 power	 grid	

connectivity.	Notwithstanding	their	different	climate	

and	energy	agendas,	all	member	States	in	North-East	

Asia	have	committed	to	the	climate	agenda	introduced	

by	the	Paris	Agreement	on	Climate	Change	in	2015.	

As	of	October	2020,	China,	Japan	and	the	Republic	of	

Korea	have	raised	their	climate	ambitions	even	further	

by	setting	net-zero	emission	targets.	Coal-fired	power	

generation	has	been	the	central	source	of	electricity	for	

the	most	energy-hungry	countries	of	the	region,	China,	

the	Republic	of	Korea	and	Japan;	this	remains	as	the	

main	contributor	to	the	region’s	heavy	air	pollution	and	

a	major	source	of	carbon	emissions.	However,	since	

the	past	decade	a	major	transformation	of	the	regional	

energy	 system	 has	 begun	 to	 take	 place.	 Low-cost	

renewable	generation	technologies	have	entered	the	

market	and	are	being	increasingly	deployed	in	the	North-

East	Asian	countries.	Domestic	grids	cannot	adequately	

respond	to	these	profound	changes,	which	necessitates	

the	development	of	regional	power	interconnections.

After	the	Fukushima	Daiichi	nuclear	disaster,	skepticism	

with	regard	to	nuclear	energy	as	a	source	of	low-carbon	

electricity	has	risen	in	many	countries,	including	some	

in	North-East	Asia.	The	current	Government	of	the	

Republic	of	Korea	has	introduced	plans	to	phase-out	

nuclear	energy	over	60	years.	In	Japan	itself,	although	

nuclear	power	plants	have	been	gradually	re-started	

and	nuclear	power	generation	reintroduced	into	the	

national	power	mix,	public	acceptance	remains	relatively	

low	 (JAERO,	2017;	ERIA,	2018).	Renewables	 (solar	

and	wind)	have	become	an	increasingly	attractive	and	

cost-effective	 option.	 Under	 these	 circumstances,	

strengthening	and	enhancing	the	power	transmission	

system	 beyond	 national	 borders	 gains	 additional	

importance	as	the	means	of	enabling	further	deployment	

of	variable	renewable	energy	sources.

Meanwhile,	 regional	 demand	 for	 electricity	 has	

dramatically	risen	 in	recent	decades,	mainly	due	to	

China’s	economic	growth,	and	is	projected	to	rise	even	

further	due	to,	among	other	reasons,	the	continuing	

efforts	 to	 further	 electrify	 national	 economies,	 in	

particular	 the	 transport	 sector.	 To	meet	 this	 rising	

demand	in	a	sustainable	way,	the	share	of	electricity	

from	 renewable	 sources	 will	 have	 to	 grow	 in	 all	

North-East	 Asian	 countries.	 A	 regional	 power	 grid	

interconnection	 is	 therefore	 not	 only	 necessary	 in	

order	to	enable	a	bigger	share	of	renewable	energy	to	

be	introduced	into	the	power	systems.	It	would	provide	

critical	infrastructure	that	enables	power	flows	between	

areas	with	high	renewable	energy	potential	and	areas	

with	high	electricity	demand,	which	are	not	necessarily	

always	located	within	the	same	national	borders.	

Finally,	institutional	changes	have	been	taking	place	on	

the	regional	scale	that	create	favorable	environment	

for	the	cooperation	on	power	grid	connectivity.	In	2016,	

SoftBank	Group,	the	State	Grid	Corporation	of	China	

(SGCC),	Korea	Electric	Power	Corporation	(KEPCO,	and	

PJSC	ROSSETI,	the	operator	of	the	Russian	Federation’s	

energy	grid,	signed	a	Memorandum	of	Understanding	

(MoU)	 on	 joint	 research	 and	 a	 plan	 to	 promote	 an	

interconnected	electric	power	grid	in	North-East	Asia	
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(Soft	Bank	Group,	2016).	A	year	later,	SGCC	and	KEPCO	

proceeded	 with	 the	 partial	 implementation	 of	 this	

connectivity	vision	by	drafting	an	agreement	on	China-

Republic	of	Korea	power	interconnection	in	late	2017.	

The	construction	of	the	interconnection	is	planned	for	

2022.	Furthermore,	in	2019,	Mongolia’s	largest	state-

owned	mining	company,	Erdenes	Mongol	LLC,	signed	an	

MoU	with	ROSSETI	on	joint	research	and	development	

of	integration	links	of	North-Eastern	Asia’s	power	grids,	

including	the	necessary	primary	efforts	to	enhance	and	

improve	reliability	of	Mongolia’s	power	system	(Rosseti,	

03.09.2019).

More	broadly,	the	Regional	Comprehensive	Economic	

Partnership	 (RCEP)	 Agreement	 is	 a	 proposed	 free	

trade	agreement	(FTA)between	15countries,	three	of	

which	are	in	North-East	Asia.	At	present,	there	is	no	

common	regulatory	framework	for	trade	among	the	

three	countries,	and	although	RCEP	does	not	cover	

energy	issues,	it	could	nevertheless	potentially	serve	

as	a	stepping	stone	towards	a	regional	framework	for	

energy	exchange	in	North-East	Asia	and	beyond.	Since	

2003,	China,	Japan	and	Republic	of	Korea	have	been	

negotiating	 a	 separate	 free	 trade	 agreement.	 This	

agreement,	if	adopted,	would	take	the	RCEP	Agreement	

as	 its	 baseline,	 and	would	 therefore	be	 considered	

a	 “RCEP	 Plus”	 free	 trade	 agreement	 (Ministry	 of	

Commerce,	4/17/2019).	As	such,	it	could	also	include	

agreements	on	energy	trade	if,	in	the	end,	they	are	not	

included	in	the	RCEP	Agreement.	

D. Structure of this report

The	remaining	sections	of	this	report	are	structured	

as	follows.	Chapter	II	offers	an	overview	of	the	energy	

situation	 in	 North-East	 Asia	 on	 the	 regional	 level	

as	well	 as	 on	 the	 level	 of	 national	 energy	 systems.	

In	particular,	the	chapter	focuses	on	the	renewable	

potential	 of	 the	 region,	 and	 the	 progress	 on	 the	

sustainable	goal	on	energy	(SDG	7)	of	the	respective	

Member	States.	The	specifics	of	their	respective	power	

systems	are	included	in	the	Appendix.	Chapter	III	offers	

an	overview	of	the	existing	interconnections,	as	well	

as	the	regional	power	grid	interconnection	projects	

currently	under	discussion.	Chapter	IV	reviews	potential	

benefits	resulting	from	and	challenges	that	need	to	be	

addressed	on	the	way	towards	a	regional	power	grid	

interconnection.	Chapter	V	suggests	policy	options	to	

be	considered	by	the	national		governments	and	other	

relevant	stakeholders,	in	order	to	develop	and	pursue	a	

common	vision	on	regional	power	grid	interconnection	

in	accordance	with	Sustainable	Development	Goals.	

Chapter	IV	concludes.
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Background
Energy systems in 
North-East Asia 

N
orth-East	Asia	is	a	key	global	player	when	it	comes	to	energy	

and	shifts	in	subregional	energy	demand	and	supply	have	

a	significant	impact	on	global	energy	balance	(table	1	and	

figure	6).	The	subregion	is	home	to	the	world’s	top	three	natural	

gas	importing	countries,	three	out	of	the	top	five	crude	oil	importing	

countries,	one	of	the	world’s	major	leaders	in	the	production	of	

natural	gas	and	crude	oil,	and	four	out	of	the	10	leading	countries	in	

terms	of	electricity	production.	In	line	with	its	global	energy	footprint,	

North-East	Asia	is	also	the	region	responsible	for	more	than	one	third	

of	global	carbon	emissions.

During	the	past	three	decades,	rapid	economic	growth	in	North-East	

Asia	quickly	increased	regional	demand	for	energy.	Total	primary	

energy	supply	in	the	region,	which	amounted	to	2,330	Mtoe	in	1990,	

grew	almost	twofold	to	4,695	Mtoe	in	2018	(IEA,	2020).	Today,	

North-East	Asia	is	a	dominant	player	in	global	energy	markets,	with	

a	total	primary	energy	supply	(TPES)	in	the	region	amounting	to	

approximately	32.9%	of	the	global	energy	supply	(14.279,5	Mtoe).	

2
9



China	accounts	for	two-thirds	of	the	regional	TPES	

(68.4%),	 with	 the	 Russian	 Federation,	 Japan	 and	

the	Republic	 of	Korea	occupying	 second,	 third	 and	

fourth	place	(16.2%,	9%	and	5.9%,	respectively).	The	

Democratic	People’s	Republic	of	Korea	and	Mongolia	

account	for	less	than	1%	of	the	regional	TPES	each	(0.3%	

and	0.1%	respectively).	Source-wise,	coal	dominates	the	

regional	energy	mix	with	49%	of	TPES,	which	is	almost	

two	times	more	than	the	global	average	(26.8%).	Oil	is	

the	second-biggest	energy	source	(22%),	followed	by	

natural	gas	(17%).

Table 1 _ Key energy statistics for North-East Asian economies, 2018

Total primary energy 
supply (TPES)

(Mtoe)
TPES per capita (toe 

per capita)
Total final energy 

consumption (Mtoe)
Total energy 

production (Mtoe)
Electricity 

consumption (TWh)
Energy intensity (toe/

thousand) 2015 US$ 
(PPP))

Total CO2 emissions 
(Mt)

CO2 emissions from 
heat and power 
generation (Mt)

CO2 intensity of energy 
mix

(t CO2/toe)
People’s Republic of China 3,210.7 2.3 2,066.7 2,570 6,880 0.13 9,570.8 4,890.3 3.0
Democratic People’s Republic 
of Korea 14.3 0.6 5 14.3 13 0.13 15.3 2.9 1.1

Japan 426 3.4 283 52 1,012.8 0.08 1,080.7 500.6 2.5
Mongolia 5.6 1.8 3.9 26.6 7.3 0.14 21.1 13.5 3.7
Republic of Korea 278 5.5 182.2 61 572 0.13 605.8 328.3 2.2
Russian Federation 760.4 5.3 514.5 1,477 999.4 0.21 1,587 778.2 2.1
Total 4,695 - 3,055.3 4,200.9 9,484.5 - 12,880.7 6,513.8 -
Global Share of NEA (%) 32.8 - 30.7 29.1 38.3 - 38.4 47 -
World 14,279.5 1.9 9,,937.7 14,421 24,738.9 0.12 33,513.3 13,823.7 2.4

Source: Yearbook Enerdata, IEA 2020a, IEA 2020b

Figure 6 _ Total primary energy supply by source, 2018 (Mtoe)
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Hydropower	and	further	modern	(non-combustible)	

renewable	 energy	 sources,	 such	 as	wind	 and	 solar	

energy,	 account	 for	3%	and	2%	of	 the	 total	 energy	

mix,	respectively.	According	to	most	energy	outlook	

analyses	(e.g.,	BP,	IEA,	IEEJ,	Shell,	Skolkovo,	World	Bank),	

at	least	until	2040	coal	will	remain	one	of	the	major	

sources	of	primary	energy	in	the	subregion,	despite	

legitimate	concerns	about	air	pollution	and	greenhouse	

gas	 emissions.	 Greater	 efforts	 are	 needed	 by	 the	

Governments	of	this	subregion	to	embrace	less	polluting	

and	more	efficient	power	generation	technologies	if	this	

outlook	is	to	be	improved.

Table 1 _ Key energy statistics for North-East Asian economies, 2018

Total primary energy 
supply (TPES)

(Mtoe)
TPES per capita (toe 

per capita)
Total final energy 

consumption (Mtoe)
Total energy 

production (Mtoe)
Electricity 

consumption (TWh)
Energy intensity (toe/

thousand) 2015 US$ 
(PPP))

Total CO2 emissions 
(Mt)

CO2 emissions from 
heat and power 
generation (Mt)

CO2 intensity of energy 
mix

(t CO2/toe)
People’s Republic of China 3,210.7 2.3 2,066.7 2,570 6,880 0.13 9,570.8 4,890.3 3.0
Democratic People’s Republic 
of Korea 14.3 0.6 5 14.3 13 0.13 15.3 2.9 1.1

Japan 426 3.4 283 52 1,012.8 0.08 1,080.7 500.6 2.5
Mongolia 5.6 1.8 3.9 26.6 7.3 0.14 21.1 13.5 3.7
Republic of Korea 278 5.5 182.2 61 572 0.13 605.8 328.3 2.2
Russian Federation 760.4 5.3 514.5 1,477 999.4 0.21 1,587 778.2 2.1
Total 4,695 - 3,055.3 4,200.9 9,484.5 - 12,880.7 6,513.8 -
Global Share of NEA (%) 32.8 - 30.7 29.1 38.3 - 38.4 47 -
World 14,279.5 1.9 9,,937.7 14,421 24,738.9 0.12 33,513.3 13,823.7 2.4

Source: Yearbook Enerdata, IEA 2020a, IEA 2020b

Figure 7 _ TPES, Regional Energy Mix (2018)
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A. Total final energy consumption

Coal	is	also	the	primary	source	for	total	final	energy	

consumption	(TFC)	in	the	subregion,	accounting	for	

22.8%,	which	is	more	than	twice	the	global	average	

(10.5%).	On	the	positive	side,	the	share	of	electricity	

in	the	total	final	energy	consumption	in	the	subregion	

(23.9%)	is	considerably	higher	than	the	global	average	

(18.9%),	while	the	use	of	oil	products	is	more	than	one-

fourth	lower	(NEA,	29.5%	and	global,	40.9%	).	In	absolute	

terms,	the	share	of	coal	in	the	subregional	energy	mix	

has	been	decreasing	for	the	past	several	years	(e.g.,	

28.3%	in	2015	as	opposed	to	22.8%	in	2018)	(figure	8),	

mainly	 due	 to	 China’s	 decarbonization	 efforts	 and	

countermeasures	against	air	pollution.	As	China	expands	

its	coal-to-gas	and	coal-to-electricity	measures	to	enable	

cleaner	heating	options	for	Chinese	households,	the	

share	of	natural	gas	in	its	energy	mix	is	expected	to	

grow	by	166%	until	2040,	accounting	for	14%	of	the	

total	energy	mix	(BP,	2019a).	

Energy production and energy self-sufficiency

Natural	energy	reserves	are	distributed	unevenly	among	

North-East	Asian	countries,	causing	national	energy	

production	volumes	to	differ	significantly.	In	addition,	

the	self-sufficiency	levels	in	the	subregion	vary	greatly,	

and	the	countries	could	be	roughly	divided	into	two	

groups	–	energy	exporting	(Russian	Federation	and	

Mongolia)	 and	 energy	 importing	 countries	 (China,	

Japan	and	the	Republic	of	Korea).	As	demonstrated	

in	figure	9,	the	Democratic	People’s	Republic	of	Korea	

produces	nearly	100%	of	its	domestic	energy	demand	

and	is	formally	self-sufficient.	However,	given	the	low	

levels	of	energy	access	in	the	country,	it	is	safe	to	assume	

that,	should	larger	shares	of	the	population	get	access	to	

energy,	the	current	domestic	levels	of	energy	production	

would	not	suffice	to	cover	the	domestic	energy	demand.

Among	the	energy-exporting	countries,	the	Russian	

Federation	is	a	major	global	player	–	in	2018,	the	Russian	

Federation	remained	the	second	largest	gas,	and	the	

third	largest	oil	producer,	accounting	for	17%	and	12%	

of	the	global	output,	respectively	(BP,	2019b).	Export	

of	energy	resources	dominates	the	Russian	Federation	

economy	and	accounted	for	54.5%	of	total	export	in	

2018	(Ru-Stat,	2019).	Mongolia	exports	about	73%	of	

its	annual	coal	production	and	is	dependent	on	revenues	

from	coal	export	that	constitute	about	33%	of	country’s	

total	exports	(OEC,	2020).

As	of	2018,	Japan	and	the	Republic	of	Korea	had	to	

import	88%	and	84	%	of	their	primary	energy	supply	

and	are	thereby	among	the	most	import-dependent	

countries	in	the	world.	Japan’s	historically	low	self-

sufficiency	ratio	abruptly	decreased	even	further	after	

Figure 8 _ Total final energy consumption in NEA by source (2018)
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the	Fukushima	nuclear	disaster	(from	19.9%	in	2010	

to	 6%	 in	 2014)	 and	 the	 following	 phase-out	 of	 the	

country’s	nuclear	power	plants.	Although	some	of	the	

power	plants	were	put	back	online,	their	output	is	not	

sufficient	to	cover	any	significant	share	of	the	domestic	

energy	demand	(METI,	2016).	With	the	major	share	of	

their	crude	oil	imports	coming	from	the	Middle	Eastern	

countries,	most	notably	Saudi	Arabia,	the	United	Arab	

Emirates,	Kuwait	and	the	Islamic	Republic	of	Iran,	both	

Japan	and	the	Republic	of	Korea	are	highly	sensitive	to	

the	political	situation	in	the	region	(EIA,	2018).

Figure 9 _ Self-sufficiency (total energy production/TPES, %), 2018
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Figure 10 _ Electricity consumption in North-East Asia, 1990-2018, TWh
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Figure 11 _A Total CO2 emissions by country, 1990-2018 (Mt of CO2)
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Figure 11 _B CO2 emissions growth by country, compared to the 1990 level, 1990-2018 (%)
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China	imports	about	20%	of	its	primary	energy	supply	

and	 covers	 the	 rest	 through	 domestic	 production.	

China	had	been	self-sufficient	until	the	early	2000s,	but	

shortly	afterwards	domestic	energy	production	could	no	

longer	keep	up	with	country’s	rapid	economic	growth.	

Consequently,	China	began	importing	crude	oil,	coal	

and	gas,	in	order	to	supply	the	energy-thirsty	economy.	

Natural	gas	imports	have	gained	particular	importance	

in	recent	years,	as	China	attempts	to	decarbonize	its	

economy	and	replace	some	of	its	coal	consumption	with	

this	less	carbon-intensive	fossil	alternative.	As	of	today,	

China	is	the	world’s	largest	natural	gas	and	oil	importing	

country.

North-East	Asia	is	home	to	four	out	of	the	10	largest	

electricity	consuming	countries	(China	–	27.8%,	Japan	

–	4%,	Russian	Federation	–	4%,	the	Republic	of	Korea	–	

2.3%),	(figure	9).	Altogether,	North-East	Asian	countries	

account	for	more	than	one	third	of	global	electricity	

consumption	(38.3%).	The	total	volume	of	electricity	

consumption	 in	 the	 region	has	 grown	 considerably	

since	 the	 1990,	 which	 is	 primarily	 due	 to	 China’s	

rapid	economic	development	and	the	rise	of	national	

electricity	consumption	by	more	than	10	times	from	

1990	(603	TWh)	to	2018	(6880	TWh)	(figure	10).

CO2 emissions

Energy	consumption	 in	 the	 region	has	dramatically	

increased	over	the	last	two	decades,	primarily	due	to	

China’s	economic	development	and	the	consequent	rise	

in	energy	demand.	The	increase	in	energy	consumption,	

dominated	 by	 coal	 and	 other	 fossil	 fuels,	 has	 been	

accompanied	by	soaring	carbon	emissions,	particularly	

in	China	(figure	11a).	

The	share	of	North-East	Asia	 in	the	world’s	carbon	

energy	emissions	grew	from	26.7%	in	2000	to	38.4%	

in	2018,	whereas	China	 is	responsible	for	74.3%	of	

the	subregional	and	more	than	25%	of	global	carbon	

emissions	(figure	11b)	(IEA	2020,	author’s	calculations).	

Emission	levels	increased	by	more	than	350%	in	China,	

by	ca.	160%	in	the	Republic	of	Korea	and	by	48%	in	

Mongolia	since	1990,	driven	by	economic	growth	and	

increased	energy	consumption	(figure	12).	Emission	

levels	in	Japan	have	been	holding	at	the	approximately	

same	level	for	the	last	30	years	and	have	been	about	

2.5%	over	the	1990	level	in	2018,	while	the	emission	

levels	in	the	Russian	Federation	and	the	DPRK	have	

dropped	 significantly	 since	 1990	 (26.6%	 and	 87%,	

Figure 12 _ CO2 intensity of the energy mix by country, 1990-2018 (t CO2/toe)
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respectively),	mainly	 as	 the	 result	 of	 the	 economic	

downturn.

The	 energy	 sector	 is	 by	 far	 the	 biggest	 source	 of	

CO
2
	emissions	in	the	subregion,	with	emissions	from	

electricity	and	heat	generation	accounting	for	47%	of	

the	total	CO
2
	emissions	(see	table	1	for	country	details).	

Aside	from	the	Democratic	People’s	Republic	of	Korea,	

the	Republic	of	Korea	and	the	Russian	Federation,	the	

CO
2
	intensity	of	the	national	energy	mixes	in	North-East	

Asia	is	well	above	the	world	average.5	Both	indicators	

(CO
2
	emissions	of	the	energy	sector	and	CO

2
	intensity	

of	the	energy	mix)	point	to	the	dominance	and	even	

further	growth	of	the	role	of	coal	as	the	primary	fuel	in	

the	subregional	energy	mix,	and	signify	the	dire	need	to	

decarbonize	the	energy	sector.	

Reducing	CO
2
	emissions	is	among	the	core	goals	of	

the	 sustainable	development	agenda,	and	a	 central	

part	 of	 the	 Paris	 Agreement	 on	 Climate	 Change.	

All	 countries	 in	 the	 subregion	 have	 either	 ratified	

(China,	DPRK,	Mongolia	and	the	Republic	of	Korea)	

or	accepted	(Japan	and	the	Russian	Federation)	the	

Paris	Agreement	and	presented	their	own	Nationally	

Determined	Contributions	(NDCs)	until	2030.	By	2030,	

China	pledged	to	peak	CO
2
	emissions,	while	reducing	the	

carbon	intensity	of	its	economy	by	60%	to	65%	below	

the	2005	level.	Japan	has	committed	to	reducing	CO
2
 

emissions	by	26%	below	2013	levels	(UNFCCC,	2015a),	

and	the	Russian	Federation	by	20-30%	below	the	1990	

levels	(Climate	Action	Tracker,	2020).	The	Republic	of	

Korea,	Mongolia	and	DPRK	pledged	to	reduce	CO
2
 

emissions,	compared	to	the	projected	emissions	level	

under	 a	 business-as-usual	 (BAU)	 scenario,	 by	 30%	

(UNFCCC,	2015b),	14%(UNFCCC,	2015c),	and	8%,	

respectively.	While	the	8%	reduction	is	an	unconditional	

contribution	pledged	by	the	DPRK,	there	is	another,	

conditional	contribution	–	up	to	34%	below	BAU,	given	

the	international	cooperation	on	the	implementation	

of	the	Paris	Agreement,	including	financial	support,	

is	 in	place.	China,	Japan,	and	the	Republic	of	Korea	

have	further	raised	their	climate	ambitions	in	autumn	

2020,	by	setting	net-zero	emission	goals.	China	and	

the	 Republic	 of	 Korea	 pledged	 to	 achieve	 carbon-

neutrality,	i.e.	net-zero	CO
2
	emissions,	by	2060	and	

2050,	respectively	(Hook,	2020	and	Gerretsen,	2020).	

5	 The	CO
2
	intensity	of	Japan’s	energy	mix	has	significantly	risen	

after	the	Fukushima	nuclear	disaster	and	the	consequent	
reduction	of	the	share	of	(low-carbon)	nuclear	power	and	
the	increase	of	coal	and	gas	in	the	total	primary	energy	
consumption.	

Japan	pledged	to	become	climate-neutral,	i.e.	to	achieve	

net-zero	 greenhouse	 emissions,	 by	 2050	 (Kankyo	

Business,	2020).	With	these	recent	net-zero	pledges	set	

by	its	largest	economies,	North-East	Asia	has	become	a	

subregion	with	one	of	the	most	ambitious	climate	targets	

worldwide.

B. Renewable potential of the region

North-East	 Asia	 is	 a	 region	 richly	 endowed	 with	

renewable	energy	resources	that	are	used	for	electricity	

generation,	particularly	hydropower,	solar,	wind	and	

geothermal	 (see	 the	 maps	 in	 Appendix	 II).	 These	

resources	are	distributed	unevenly	between	North-East	

Asian	countries,	with	photovoltaic	power	output	being	

the	highest	in	the	central	and	southern	parts	of	Mongolia	

as	well	as	in	Tibet	and	the	northern	provinces	of	China.	

Areas	in	Mongolia’s	Gobi	Desert	and	the	northern	and	

north-eastern	parts	of	China	have	the	largest	technical	

potential,	given	their	relatively	flat	landscape	and	low	

level	of	urbanization.	These	areas	are	also	very	rich	in	

wind	resource.	While	theoretical	onshore	wind	potential	

in	 the	 Russian	 Far	 East	 (Kamchatka,	Magadan	 and	

Primorye)	and	Japan’s	northern	island	Hokkaido	is	very	

high,	the	technical	potential	is	lower	given	the	steepness	

and	roughness	of	terrain.

Offshore	wind	potential	is	generally	very	high	in	the	

coastal	 areas	 of	 the	 region,	 while	 areas	 along	 the	

shores	of	the	Russian	Far	East	(Kamchatka,	Sakhalin	

and	Primorye),	and	Japan’s	Hokkaido	island	are	among	

areas	with	the	world’s	highest	potential	for	offshore	

wind	 installations.	 There,	mean	wind	 speed	 ranges	

between	8.5	and	9.75	m/s	and	the	average	wind	density	

is	between	700	and	1300	W/m.2	Aside	from	Mongolia,	

North-East	Asia	is	very	rich	in	hydropower	resources.	

China	has	the	world’s	highest	hydropower	potential	of	

up	to	2,474	TWh	per	year,	while	the	Russian	Federation	

possesses	 the	 world’s	 second-largest	 hydropower	

potential	of	up	to	1670	TWh	per	year	(Belyaev	et	al.,	

2015).

As	 the	 region	 is	 located	along	 the	 collision	 lines	of	

tectonic	 plates	 (the	 so-called	 Pacific	 Ring	 of	 Fire;	

figure	13),	the	physical	potential	for	geothermal	power	

generation	is	considerable,	especially	in	the	outer	areas	

of	the	Kamchatka	peninsula	(IEG	RAS	(2015)	and	in	

Japan	(IRENA,	2017b).	Despite	Japan’s	considerable	

geothermal	potential,	further	development	of	these	

resources	 is	 difficult,	 given	 that	most	 undeveloped	
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geothermal	resources	are	located	in	national	parks	and	

protected	areas.

Despite	the	vast	renewable	energy	resources	available,	

only	a	fraction	has	been	exploited	up	to	now.	While	

China	actively	develops	solar	generation	capacities	in	its	

northern	provinces,	Mongolia’s	solar	and	wind	potential	

remains	practically	untouched	due	to	 low	domestic	

power	demand,	the	remote	location	of	the	areas	with	

high	solar	and	wind	potential	from	Mongolia’s	load	

centres,	and	the	 inability	of	Mongolian	economy	to	

fund	 the	 costly	 required	 infrastructure.	While	 the	

gross	 hydropower	 potentials	 of	 the	 rivers	 in	 the	

Eastern	Siberia	and	Far	East	regions	account	for	41.4%	

and	42.1%,	respectively,	of	the	national	hydropower	

potential,	one-fifth	of	the	potential	in	Eastern	Siberia	

and	only	3%	of	the	Far	East	has	been	tapped	so	far.	

Some	areas	in	the	Far	East	are	already	at	overcapacity	

compared	 to	 local	 demand,	 in	 particular	 because	

domestic	electricity	demand	in	the	area	grows	very	

slowly.	Although	domestic	demand	is	expected	to	grow	

due	to	increased	activity	of	the	railway,	oil	transport	and	

coal	mining	sectors,	plans	to	install	new	capacities	are	

currently	contingent	on	exporting	the	excess	electricity	

to	China	(Interfax,	12/30/2014).

Renewable energy sources and power generation 
in North-East Asia

In	the	past	three	decades,	renewable	energy	generation	

in	North-East	Asia	has	risen	from	around	413.5	TWh	to	

a	soaring	2163.2	TWh	(2018),	an	increase	of	523%.	The	

lion	share	of	this	contribution	belongs	to	China,	whose	

renewable	energy	generation	has	grown	tenfold	and,	

with	1775.2	TWh,	constituted	about	82%	of	the	total	

renewable	electricity	generation	in	the	region	as	of	2018	

(figures	14a	and	14b).

Japan	and	the	Republic	of	Korea	have	also	recorded	a	

considerable	increase	in	their	share	of	renewables	in	

the	electricity	generation	mix	(twofold	and	threefold,	

respectively).	Mongolia	introduced	its	first	renewable	

(hydropower)	 generation	 facilities	 in	 2000	 and,	 a	

decade	later,	introduced	its	first	wind	power	plant;	this	

Figure 13 _ The Pacific “Ring of Fire”

Source: Wikimedia Commons
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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increased	the	country’s	renewable	electricity	generation	

almost	a	hundredfold,	from	0.004	TWh	in	1990	to	0.458	

TWh	in	2018.	Although	this	is	a	very	impressive	growth,	

in	absolute	terms	this	number	is	still	rather	modest	in	

the	regional	perspective.

6	 Solar	thermal	generation	is	limited	to	China,	where	it	makes	up	
0.01%	of	the	RES-E	power	mix.

In	the	Russian	Federation,	construction	of	several	large-

scale	hydropower	plants	in	East	Siberia	and	the	Far	East	

regions	and,	to	a	much	lesser	extent,	the	introduction	

of	first	solar	and	wind	capacities	contributed	to	a	13%	

increase	in	renewable	energy	generation,	from	166	TWh	

in	1990	to	194,4	TWh	in	2018.	

Figure 14 _A Renewable electricity generation by country, 2018 (TWh)
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Figure 14 _B Renewable electricity generation in NEA, 1990-2018 (TWh)
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Hydropower	dominates	the	regional	renewable	energy	

mix	due	to	the	maturity	of	hydropower	technology.	

Particularly	 widespread	 are	 reservoir	 hydropower	

plants,	due	to	the	relative	stability	and	controllability	of	

their	generation	output;	this	makes	them	a	dispatchable	

power	source,	similar	to	the	fossil	power	plants	(IRENA,	

2015).	While	the	first	large	hydropower	plants	in	the	

region	were	constructed	as	early	as	the	first	half	of	the	

twentieth	century,	variable	renewable	energy	sources	

began	to	be	exploited	on	a	large	scale	only	a	couple	of	

decades	ago.	As	of	2019,	solar	PV	and	onshore	wind	

power	were	 the	 fastest	 growing	 renewable	energy	

sources,	 both	 globally	 and	 in	 North-East	 Asia,	 and	

are	expected	to	lead	the	future	growth	in	renewable	

electricity	generation.

Solar and wind: Growing potential due to 
technology advancements and lowering costs

Due	 to	 rapid	 technological	 progress,	 coupled	 with	

economy	 of	 scale	 and	 the	 introduction	 of	 policies	

supporting	deployment	of	renewable	energy,	renewable	

power	generation	technologies	have	entered	a	virtuous	

cycle	 of	 falling	 costs,	 increasing	 deployment	 and	

accelerated	technological	progress.

Globally,	solar	PV	module	prices	have	fallen	by	around	

90%	since	the	end	of	2009,	while	wind	turbine	prices	

have	 fallen	 by	 55-60%	 (IRENA,	 2020).	 The	 global	

levelized	cost	(LCOE)7	of	utility-scale	renewable	power	

generation	technologies	has	dropped	significantly	in	the	

last	decade	and	is	in	currently	well	within	fossil	fuel	cost	

range	for	most	major	technologies.	As	demonstrated	

in	the	Figure	S1,	the	fuel	cost	(light	grey	stripe)	ranges	

between	ca.	0.05	and	0.18	USD/kwh.	In	comparison,	

the	average	LCOE	of	utility-scale	PV	plants	is	estimated	

to	have	fallen	by	82%	between	2010	and	2019,	from	

around	 USD	0.378/kWh	 to	 USD	0.068/	kWh,	 while	

auction	 and	 tender	 results	 suggest	 they	will	 fall	 to	

between	USD	0.08/kWh	and	0.02/kWh	until	2030.	

Recent	record	low	auction	outcomes	for	solar	PV	in	Abu	

Dhabi,	Chile,	Dubai,	Mexico,	Peru	and	Saudi	Arabia	have	

shown	that	an	LCOE	of	$0.03/kWh	is	already	possible	in	

a	wide	variety	of	national	contexts	(ibid.,26).	By	2050,	

solar	PV	is	expected	to	be	among	the	cheapest	sources	

of	power	available,	particularly	in	areas	with	excellent	

solar	irradiation,	with	2050	costs	in	the	range	of	USD	

0.014–0.05/kWh.	

Together	with	significant	cost	reductions,	improvements	

in	the	performance	of	solar	systems	were	achieved	and	

losses	reduced.	For	example,	the	average	efficiency	of	

7	 The	levelized	cost	of	energy	is	the	present	value	of	the	total	
cost	of	construction	and	operation	of	a	power	plant	over	an	
assumed	lifetime.	It	is	one	of	the	most	important	indicators	
of	economic	viability,	as	it	allows	the	comparison	of	different	
technologies	(e.g.,	wind,	solar	and	natural	gas)	of	unequal	
life	spans,	project	size,	different	capital	cost,	risk,	return	and	
capacities.

Figure 14 _C Renewable power generation mix by country and source, 2018 (%)6
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mono-	and	polycrystalline	silicon	PV	modules	between	

2006	and	2018	grew	by	ca.	22%	and	28%,	respectively	

(Fraunhofer	Institute,	2020).	Total	installed	costs	for	

large-scale	solar	generation	facilities	have	dropped	

significantly	in	all	major	countries,	especially	in	China,	

77%	and	Japan,74%pan.	All	these	developments	have	

created	considerable	improvement	in	the	economic	

competitiveness	of	solar	PV	and	wind	power	(IRENA,	

2019a).

Evolution of storage and transmission 
technologies 

Progress	 has	 been	 made	 not	 only	 in	 renewable	

generation	 technologies,	 but	 also	 in	 storage	 and	

transmission	systems	that	are	essential	to	giving	the	

power	system	the	necessary	flexibility	(batteries	for	

local/short-term	issues,	and	expanded	grid	on	a	large	

scale)	 to	 accommodate	 large	 amounts	 of	 variable	

renewable	 energy.	 The	 costs	 of	 battery	 storage	

technologies	continued	to	decline	in	2018	and	by	some	

estimates,	costs	of	utility-scale	storage	technologies	

decreased	 40%	 during	 that	 year.	 For	 lithium-ion	

batteries,	which	remain	the	leading	battery	storage	

technology,	the	cost	per	unit	of	storage	(US$/kWh)	

dropped	80%	between	2010	and	2017.	

Transmission	 technologies	 are	 also	 evolving,	 with	

the	 emergence	 of	 economically	 feasible	 ultra-high	

voltage	 (UHV)	 transmission	 lines	 and	 digitalization	

of	the	grid,	including	smart	metering,	smart	sensors,	

automation	and	other	digital	network	technologies	

(World	Economic	Forum,	2017). High-	and	ultra-high-	

voltage	transmission	lines	enable	bulk	power	transfer	

over	long	distances	and	are	therefore	an	indispensable	

8	 The	Russian	Federation’s	renewable	target	excludes	
hydropower,	which	currently	makes	up	approximately	17	
percent	of	generation	(BP	Statistical	Review,	2019,	p.56).

Figure 15 _ Global LCOE from newly commissioned utility-scale renewable power generation technologies, 
2010-2019
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component	 of	 a	 regional	 power	 system. Since	 the	

first	high-voltage	direct	current	transmission	line	was	

constructed	in	Sweden	in	1954	(100kV),	the	feasible	

voltage	of	the	DC	power	lines	has	increased	dramatically,	

with	power	transmission	lines	of	more	than	1000	kV	

being	constructed	in	several	countries,	most	notably	

China	(CEPRI,	2018).	Progress	has	also	been	made	in	

implementing	UHV	AC	 technologies,	 which	 enable	

construction	of	interconnectors	with	higher	capacity	

9	 The	Democratic	People’s	Republic	of	Korea	’s	target	is	only	
for	wind	and	solar	PV.	While	data	is	available	regarding	
power	generation	from	other	renewable	sources	(in	this	case,	
hydropower),	there	are	currently	no	data	available	on	installed	
wind	and	solar	power	capacities.

and	lower	transmission	losses,	while	reducing	the	total	

construction	cost.	

Renewable energy policy and targets in North-
East Asia

The	international	community	as	well	as	the	overwhelming	

majority	 of	 nation	 states	 acknowledge	 the	 key	 role	

renewable	energy	will	play	in	curtailing	CO
2
	emissions	

and	creating	a	sustainable,	low-carbon	energy	system.	In	

North-East	Asia,	all	countries	have	introduced	their	own	

Table 2 _ Renewable energy targets of NEA countries for 2030 and progress to date.

China
Democratic 

People’s 
Republic of 

Korea
Japan Mongolia Republic of 

Korea
Russian 

Federation

2 0 3 0 

Target

20% of non-
fossil fuels in 
primary energy 
consumption by 
2030

100 MW of 
grid-connected 
solar PV, 500 
MW of offshore 
and 500MW of 
onshore wind 
power plants

22-24% of 
electricity 
generation from 
RES-E by 2030

20% of electricity 
generation from 
RES-E by 2020 
and 30% by 2030

20% RES-E 
in electricity 
generation by 
2030

At least 2.5% 
RES-E8 in total 
electricity 
generation by in 
2020 and 4.5% 
- by 2024

Progress 

(year in 

brackets)

14.7% (2018) No data 
available9

18% (2018, BP) 6.5% (2017, IEA) 3.2% (2018, IEA) 1.3% (2018, BP)

Source: METI, 2015; BP, 2019b; IRENA 2017c; IEA, 2018.

Figure 16 _ Average crystalline-silicon PV module efficiency, 2006-2018

Pe
r c

en
t

20

18

16

14

19

17

15

13
12

2006 2010 20142008 2012 20162007 2011 20152009 2013 2017 2018

 Multi  Mono  Blended average
Source: Fraunhofer Institute, 2020.

Background

21

Energy systems in North-East Asia 



targets	for	renewable	energy	and	mechanisms	to	support	

further	deployment	of	renewable	energy	sources.

Although	the	policies	and	their	implementation	vary	

considerably,	each	of	the	North-East-Asian	countries	

have	 introduced	 support	 schemes	 to	 foster	 the	

development	of	renewable	energy,	with	feed-in	tariff	

being	in	force	in	China,	Japan,	Mongolia	and	the	Russian	

Federation,	Renewable	Portfolio	Standard	in	China	and	

the	Republic	of	Korea,	and	various	tax	incentives	in	all	

countries	except	Mongolia	and	the	Democratic	People’s	

Republic	of	Korea.

10	 REN21,	2019,	Renewables	2019:	Global	Status	Report;	DPRK	–	
News,	translated	by	NK	Econ	Watch.

11	 According	to	the	report	of	Korean	Central	News	Agency	
(KCNA)	of	September	2,	2013,	country’s	first	Renewable	
Energy	Act	was	adopted	at	the	Presidium	of	the	Supreme	
People’s	Assembly,	consisting	of	the	following	six	chapters:	
(1)	definition	and	mission	of	renewable	energy:	(2)	research	
and	development	of	renewable	energy	resources;	*(3)	basic	
principles	in	the	usage;	(4)	planning	and	encouraging	the	
development	of	renewable	energy;	(5)	enforcement	of	the	
materials	and	technical	sectors	of	renewable	energy;	and	
(6)	legal	requirements	to	guide	the	renewable	energy	sector	
projects.

12	 Revised	in	2018.
13	 Revised	in	2019.
14	 Although	the	RPS	Act	(電気事業者による新エネルギー等の

利用に関する特別措置法	or	RPS法)	officially	abolished	the	
introduction	of	the	Feed-in	Tariff	system	in	2012,	the	RPS	
certification	system	remains	in	effect	until	2022	and	applies	to	
companies	certified	for	RPS	before	the	introduction	of	FIT.	This	
decision	has	been	taken	in	order	to	counter	the	perceived	risk	
that	the	RPS-certified	companies	would	not	be	able	to	recover	
their	investments	in	the	renewable	power	generation	facilities.	
After	the	start	of	the	Feed-in	Tariff,	most	of	the	RPS-certified	
facilities	have	been	transferred	to	FIT	(METI,	2016).

Table 3 _ Renewable energy policies in place in North-East Asia

China10

Democratic 
People’s 

Republic of 
Korea

Japan Republic 
of Korea Mongolia Russian 

Federation

Current RES-E Legislation in force since 2016 201311 2012 2009 2019 2009
FIT/ premium payment 12 13

El. utility quota obligation/ Renewable Portfolio 
Standard (RPS)

14

Net metering
Tradable Renewable Energy Certificate (REC)
Tax incentives
Investment or production tax credits
Energy production payment
Public investment loans, grants, subsidies etc.

Source: REN21, 2019, Renewables 2019: Global Status Report.

It	is	not	possible	to	elaborate	on	the	quality	and	success	

rate	of	renewables-related	policies	in	North-East	Asia	

within	the	scope	of	this	report.	It	is	nevertheless	evident	

that	although	countries’	efforts	contributed	significantly	

to	 the	 deployment	 of	 renewable	 energy,	 problems	

remain.	

As	the	share	of	variable	renewables	in	a	power	system	

increases,	the	need	for	the	power	system	flexibility	

increases	as	well.	The	generation	output	of	wind,	solar	

PV	and,	to	a	lesser	extent,	hydropower	varies	depending	

on	the	time	of	the	day,	weather	patterns	and	the	season.	

Without	sufficient	flexibility	to	balance	the	variations	in	

renewable	energy	production,	during	times	of	surplus	

production	it	becomes	necessary	to	curtail	generation	

in	order	to	avoid	grid	congestion.	To	avoid	wasting	this	

surplus	electricity,	countries	have	made	an	effort	to	

develop	storage	solutions	and	have	expanded	the	grid.	In	

China,	for	example,	many	of	the	country’s	wind	projects	

are	in	remote	areas	in	the	north-western	provinces	that	

have	weak	grid	links	and	are	often	unable	to	dispatch	

the	whole	output.	Construction	of	ten	AC	and	27	DC	

ultra-high	voltage	(UHV)	transmission	lines	by	2020	

have	been	planned	to	solve	this	problem.	Although	due	

to	the	expansion	of	the	grid,	the	average	curtailment	

rate	of	wind	power	in	China	fell	to	7%	in	2018,	it	is	still	

around	25%	in	the	major	wind	generating	provinces	of	

Xinjiang	and	Gansu	in	the	north-west	of	the	country.	

In	late	2018,	Japan’s	first	curtailment	of	solar	PV	and	

wind	generation	occurred	on	the	island	of	Kyushu	(Wind 
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Energy and Electric Vehicle Magazine,	21	June	2019)	due	
to	periodical	high	shares	of	variable	renewable	output	

combined	with	inflexible	nuclear	generation,	which	also	

increased	its	share	in	the	electricity	mix.

Insufficient	interconnections	not	only	cause	curtailment	

losses	in	the	already	installed	renewable	generation	

capacities	(mainly	in	China,	but	also	in	other	parts	of	the	

region	–	e.g.,	within	the	power	system	of	Kyushu,	Japan),	

but	also	prevent	new	plants	from	being	constructed.	The	

substantial	hydropower	potential	of	the	Russian	Far	East	

cannot	be	fully	developed	without	new	transmission	

lines	connecting	the	potential	hydropower	plant	sites	

to	the	load	centres	(the	closest	ones	being	in	China).	

Similarly,	Mongolia’s	enormous	solar	and	wind	potential	

(2.6	TW),	(IRENA,	2016)	will	remain	largely	unexploited	

until	infrastructure	is	in	place	to	supply	the	power	to	the	

neighbouring	countries	that	havea	demand	for	such	vast	

amounts	of	electricity.

While	weak	grids	and	insufficient	demand	are	limiting	

the	potential	of	renewable	energy	resources	 in	the	

Russian	Federation	and	Mongolia,	further	deployment	

of	variable	renewable	energy	is	becoming	increasingly	

difficult	in	Japan	and	the	Republic	of	Korea,	due	to	high	

urbanization	rate	and	not	many	available	sites	remaining	

on	 land	 for	new	 large-scale	 installations.	Japan	has	

considerable	and	practically	untapped	offshore	wind	

potential,	99.5%	of	which,	however,	is	in	deep	water	

and	 cannot	 be	 harnessed	 by	 the	 currently	 mature	

(fixed-bottom	type)	technologies	(IEA	2019a).	Given	

the	successful	development	of	floating	wind	turbines	in	

the	future,	and	the	regional	power	grid	interconnection	

in	place,	Japan’s	offshore	wind	resources	could	cover	

the	national	power	demand	nine	times	over	and	make	

Japan	a	net	exporter	of	electricity.	

The	 policies	 and	 instruments	 implemented	 by	 the	

countries	 of	 North-East	 Asia	 to-date,	 although	

commendable,	are	not	enough	to	give	credit	 to	the	

enormous	renewable	energy	potential	of	the	region.	

With	a	growing	share	of	variable	renewables	in	national	

energy	mixes,	a	system-wide	approach	is	necessary	to	

ensure	the	development	of	a	flexible,	cost-effective	and	

stable	power	system.	Increasing	the	regional	power	grid	

connectivity	through	cross-border	interconnections	

may	prove	to	be	the	key	element	of	such	an	approach.

C. Sustainable Development Goal 7: 
State of play in North-East Asia15

As one of the global centres in terms of energy 
demand and consumption, North-East Asia’s 
performance with regard to the Sustainable Goal on 
energy will be pivotal for the global progress towards 
a sustainable energy system that ensures universal 
access to affordable, reliable and modern energy 
services. Efforts by North-East Asia’s countries to foster 
transformation of their energy systems will also have 

15	 The	indicators	in	table	4	correspond	to	indicators	for	SDG	
7	as	defined	within	the	Global	indicator	framework	for	the	
Sustainable	Development	Goals	and	the	targets	of	the	2030	
Agenda	for	Sustainable	Development.

Table 4 _ Indicators of SDG 7, by country, in North-East Asia

China
Democratic 

People’s 
Republic of 

Korea
Japan Mongolia Republic 

of Korea
Russian 

Federation

Access to electricity 100% 56% (urban)
40% (rural)

100% 100% 
(urban) 

95% 
(rural)

100% 100%

Access to clean cooking fuels and technology 64% 10% 100% 50% 100% 90%
Share of RES-E in total final energy consumption 12.8% 27.4% 6.9% 3.5% 2.8% 3.3%,
Energy intensity of GDP 
(toe/1000 USD GDP, 2010 PPP)

0.15 0.15 0.09 0.15 0.15 0.23

Investment in energy efficiency measures 
(billion US$), 2017

65 n.a. 9 n.a. n.a. 4

Source: IEA 2020b, Yearbook Enerdata 2020, IEA/OECD World Energy Investment 2018, Tracking SDG 7 2020.
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a considerable impact on the global performance for 
related SDGs, particularly those concerning climate, 
human health, sustainable cities and resilient 
infrastructure. More intensive cooperation on 
energy and environmental issues is required at the 
subregional level in order to efficiently address the 
challenges faced on the path towards a sustainable 
energy system.

Proportion of population with access to 
electricity 

As	of	2018,	North-East	Asia	became	the	subregion	with	

the	highest	average	electrification	rate	in	Asia	(86.5%),	

where	the	populations	of	China,	Japan,	the	Republic	of	

Korea	and	the	Russian	Federation	is	granted	universal	

electricity	access,	and	all	North-East	Asian	countries	

except	for	the	DPRK	are	above	the	global	average	of	

88.7%.	Despite	gradual	improvement	over	recent	years,	

the	electrification	rate	in	the	DPRK	is	still	very	low	

(48%),	with	56%	of	urban	and	40%	of	rural	population	

having	access	to	electricity.	Mongolia	has	demonstrated	

some	significant	progress	in	closing	the	gap	between	the	

urban	and	rural	electrification	rates,	which	in	2018	grew	

to	100%	and	95%	respectively.

Proportion of population with primary reliance 
on clean fuels and technology

Notwithstanding	the	high	electrification	rates	in	the	

subregion,	only	households	in	Japan,	the	Republic	of	

Korea	and	the	Russian	Federation	have	access	to	clean	

cooking	fuels	and	technology.	A	large	share	of	biofuels	

and	biomass,	which	constitute	13%	of	the	TPES	in	North-

East	Asia,	consists	of	solid	biofuels	such	as	fuelwood	and	

charcoal,	both	extensively	used	for	heating	and	cooking.	

When	used	indoors	without	venting,	these	fuels	produce	

particulates	as	well	as	polycyclic	aromatic	hydrocarbons	

(PAHs),	causing	heavy	air	pollution	and	endangering	

human	health,	particularly	of	women	and	children.

Although	there	has	been	significant	progress	in	enabling	

access	to	clean	cooking	in	the	subregion,	38.5%,	54.3%	

and	87.7%	of	population	have	to	cook	with	polluting	

fuels	in	China,	Mongolia	and	the	Democratic	People’s	

Republic	of	Korea,	respectively	(IEA,	2020).	In	absolute	

numbers,	 China	 and	 the	 DPRKare	 among	 the	 20	

countries	with	 the	 largest	deficit	 in	access	 to	clean	

cooking	fuels	and	technology	(399.3	million	and	22.5	

million	people,	respectively).

Access	to	clean	heating	fuels	has	also	been	a	problem,	

particularly	in	Mongolia,	where	winter	temperatures	can	

go	below	-40C.	Households	and	low-pressure	boilers	

burning	raw	coal	cause	about	80%	of	the	air	pollution	

Figure 17 _ Proportion of population with primary reliance on clean cooking facilities in China, DPRK and 
Mongolia, 2000-2018 (%)
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in	the	capital,	Ulaanbaatar,	where	more	than	46%	of	

country’s	population	reside	(WHO,	2019).	As	of	May	

2018,	the	Government	of	Mongolia	had	introduced	a	

ban	on	burning	raw	coal	in	the	city	and	started	to	work	

on	policy	measures	to	replace	the	polluting	fuel	with	

alternatives.16	 In	 addition,	 it	 is	working	on	plans	 to	

expand	the	city	infrastructure	to	enable	better	energy	

services	for	the	poorest	population	groups	(Kwong,	

2019).

Access	to	clean	fuels	for	further	energy	services	has	

also	been	lacking	in	countries	where	the	population	has	

nearly	universal	access	to	clean	cooking	and	heating	fuel.	

Among	others,	fuel	used	in	transportation	have	been	one	

of	the	major	causes	of	heavy	air	pollution	in	metropolitan	

areas	of	the	Republic	of	Korea,	which	ranks	last	among	

the	OECD	when	it	comes	to	air	quality	(OECD,	2017).

Share of renewable energy in the subregional 
energy mix

The	 share	 of	 renewables	 in	 total	 final	 energy	

consumption	 has	 been	 growing	 in	North-East	 Asia	

together	 with	 the	 global	 trend	 since	 2000,	 and	 in	

2017	amounted	to	12.8%,	27.4%,	6.9%,	3.5%,	2.8%,	

3.3%	in	China,	DPRK,	Japan,	Mongolia,	the	Republic	of	

Korea	and	the	Russian	Federation,	respectively.	This	

growth	has	mainly	been	due	to	the	rapid	deployment	

16	 Coal	sellers	should	be	provided	with	briquettes	of	semi	coke,	a	
less	polluting	alternative	with	higher	energy	density	compared	
to	coal.	While	more	expensive,	this	fuel	will	be	subsidized	by	the	
Government	

of	solar	and	wind	generation	capacities	in	China	and,	

to	 a	much	 lesser	extent,	 in	 Japan	and	 the	Republic	

of	 Korea.	 DPRK’s	 sole	 modern	 renewable	 energy	

resource	is	hydropower,	which	accounts	for	12.7%	of	

final	energy	consumption.	However	impressive,	this	

number	must	be	considered	against	the	background	of	

a	low	electrification	rate,	both	for	urban	and	rural	areas	

(56%	and	40%,	respectively)	(IEA,	IRENA,	UNSD,	WB,	

WHO,	2020)	as	well	as	the	high	share	of	combustible	

renewables	(solid	biofuel),	accounting	for	14.7%	of	the	

total	final	energy	consumption.	In	addition,	the	Russian	

Federation’s	main	renewable	source	in	the	TFC	mix	is	

hydropower.	Although	wind	generation	capacities	have	

been	developed	in	the	Russian	Federation	since	2000	

and	the	connection	of	the	first	solar	generation	facilities	

to	the	grid	has	occurred	in	2015,	in	2017	they	accounted	

for	only	0.1%	and	0.3%,	respectively,	of	non-combustible	

renewables17	in	the	total	final	energy	consumption	(IEA,	

2020).

In	the	regional	mix	of	modern	renewables,	hydro	is	the	

dominant	source	of	energy,	with	74.2%	mainly	consisting	

of	large	hydropower	plants	in	China	and	the	Russian	

Federation.

17	 Renewables	from	which	energy	can	be	extracted	without	
combustion	(as	opposed	to	biomass	or	waste).	These	include	
hydropower,	tidal	and	ocean	energy,	geothermal	energy,	
solar	and	wind	energy	(Eurostat,	2019),	available	at	https://
ec.europa.eu/eurostat/statistics-explained/index.php/
Glossary:Renewable_energy_sources).

Figure 18 _ Share of modern renewables in total final energy consumption by country (%), 2000-2017
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Progress on energy efficiency

Energy	efficiency	is	central	to	the	achievement	of	a	range	

of	policy	goals,	 including	energy	security,	economic	

growth	and	environmental	sustainability	(IEA,	2017a).	

The	improvements	in	energy	intensity,	that	is	the	amount	

of	energy	needed	to	produce	one	unit	of	GDP,	are	one	

of	 the	central	 instruments	 for	enabling	 sustainable	

economic	 growth	while	 levelling	 of	CO
2
	 emissions.	

Furthermore,	 improvements	 in	 energy	 efficiency	

help	to	reduce	consumer	expenditure	on	energy	as	

well	as	balance	out	the	growing	energy	demand,	thus	

contributing	to	energy	equity.	

Energy	efficiency	in	the	North-East	Asian	subregion	

varies	among	countries.	Although	the	energy	intensity	

of	the	economies	of	North-East	Asian	countries	have	

decreased	significantly	since	2000,	the	level	of	energy	

intensity	is	considerably	higher	than	the	global	average	

in	all	countries	of	the	subregion	except	for	Japan	and	the	

DPRK	(figure	19).

While	the	relatively	low	energy	intensity	in	Japan’s	

economy	is	due	to	political	efforts	at	the	national	level	

to	improve	energy	efficiency,	the	decreasing	level	of	

energy	intensity	in	DPRK’s	economy	can	be	attributed	

to	 lower	 living	 standards	 and	 the	 country’s	 poor	

economic	performance.	With	0.227	 toe/US$	1,000	

GDP,	the	Russian	Federation’s	economy	is	the	most	

energy-intensive	in	the	subregion.	The	energy	intensity	

of	the	Russian	Federation’s	economy	increased	by	1.9%	

in	2018,	versus	a	decline	of	0.7%	per	annum	over	the	

past	10	years,	with	the	main	reasons	being	an	increase	

in	energy	consumption	(primarily	in	heating)	versus	

slow	economic	growth	and	comparatively	weak	energy	

efficiency	policies	(Bogoviz	et	al.,	2018).

Investments in energy efficiency

The	 investments	 in	 energy	 efficiency	 have	 grown	

strongly	in	recent	years,	with	North-East	Asia	being	the	

leading	subregion	in	Asia	and	the	Pacific.	In	2017,	China	

was	leading	the	global	effort,	accounting	for	US$65	

billion,	or	more	than	a	quarter	of	total	global	investments	

in	energy	efficiency.18	Japan	has	been	the	leader	in	the	

18	 This	estimate	of	energy	efficiency	spending	stems	from	IEA’s	
World	Investment	Report	2018	and	corresponds	to	the	
incremental	spending	on	equipment	that	consumes	less	energy	
than	would	have	been	used	had	the	purchaser	opted	for	a	less	
efficient	model	or,	in	the	case	of	building	refurbishments,	not	
undertaken	the	efficiency	improvement	(IEA	2018).

Figure 19 _ Energy intensity measured in terms of primary energy and GDP, 2000-2017
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OECD	Asia-Pacific,	accounting	for	approximately	half	

of	the	total	investments	in	energy	efficiency	among	the	

OECD	countries	in	the	region	(US$9	billion	out	of	US$18	

billion).	 Russian	 Federation	 investments	 in	 energy	

efficiency	have	also	been	growing,	and	amounted	to	US$	

4	billion;	although	that	is	a	considerable	amount,	more	

efforts	on	the	Russian	Federation	side	are	needed	given	

the	high	energy	intensity	of	its	economy	(IEA,	2018).

D. Power sectors in North-East Asia

Although	diverse	in	terms	of	regulatory	frameworks,	

policy	agenda	and	(to	a	large	extent)	power	market	

design,	 the	 national	 power	 systems	 in	 North-East	

Asian	 countries	have	 several	 common	 traits.	While	

nominally	 unbundled	 in	most	 countries,	 the	 power	

sector	is	dominated	by	the	vertically	integrated	state-

owned	enterprises	–	particularly	evident	in	the	power	

transmission	 sector	 (Japan	 is	 the	 only	 exception).	

Rapid	growth	in	power	demand	is	a	trend	that	can	be	

observed	in	most	North-East	Asian	countries,	due	to	

their	electrification	efforts,	and	in	the	case	of	China	

due	to	the	country’s	continuing	economic	growth.	All	

North-East	Asian	countries	rely	on	coal	for	a	significant	

(and	in	most	cases	dominant)	share	of	power	generation.	

Finally,	most	countries	have	to	address	the	challenge	of	

enhancing	and,	furthermore,	integrating	the	national	

power	grids.	Aside	from	the	DPRK	and	Mongolia,	the	

absolute	majority	of	the	population	in	the	region	has	

access	to	the	centralized	power	grid.	

The	frequency	of	the	grid	in	North-East	Asia	differs	

by	country,	with	50Hz	networks	being	used	in	China,	

Republic	of	Korea,	Mongolia	and	the	Russian	Federation.	

Japanese	power	grid	 is	divided	 into	 two	 frequency	

zones,	the	frequency	in	east	Japan	being	50Hz,	and	in	

west	Japan,	60Hz.	Nominally,	the	DPRK	also	has	a	60Hz	

gridl	while	the	de-facto	frequency	varies	and	is	mostly	

close	to	50Hz.

North-East	Asian	countries	have	different	approaches	

regarding	international	cooperation	in	the	power	sector,	

whereas	most	of	them	strive	to	strengthen	regional	

efforts	in	this	field.	China	pursues	its	goal	of	establishing	

an	intercontinental	power	grid	with	its	Global	Energy	

Interconnection	 Development	 and	 Cooperation	

Organization	(GEIDCO)	project,	and	development	of	

cross-border	power	interconnections	and	the	regional	

power	market	is	one	of	its	focus	areas	for	international	

cooperation.	Republic	of	Korea	has	expressed	its	interest	

in	a	regional	power	grid	interconnection	in	North-East	

Asia	as	one	of	the	strategic	directions	of	 its	Energy	

Strategy	and	is	working	on	a	joint	development	of	China-

Korea	power	interconnection	since	2017.	Similarly,	the	

establishment	of	a	power	grid	interconnection	in	North-

Table 5 _ Power sectors in North-East Asia: Key figures

China,
2019 DPRK, 2017 Japan,

2019
Mongolia, 

2017
Republic of 
Korea, 2018

Russian 
Federation 
(Siberia/
Far East)

Total electricity consumption (TEC), TWh 6,349 13 1,026 7 526 210.2/34.2
TEC per capita, MWh per capita 4,6 0.5 8.1 2.2 10.2 9,5
Total electricity production, TWh 6,671.9 15 1,026 6 593.5 205.3/37.6
Total installed generation capacity, GW 2011 9.5 298 1.3 123 51.8/9.6
TPP 1,190.5 174 1.11 79.1 26.5/5.9
HPP 356 49.5 0.02 6.5 25.3/3.7
NPP 48.7 38.5 - 21.8 -
Solar PV 204.7 42.8 0.05 8 0.05/ -
Wind 210 3 0.15 1.3 -
Geothermal - 0.02 -
Oil 16.25 

(included in 
TPP)

0.04

Source: EPSIS, 2020; SO UES, 2019; JIEPIC, 2019; IEA, 2017b, 2018; CEC, 2019; KESIS, 2019.
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East	Asia	is	one	of	the	major	policy	directions	for	the	

Government	of	Mongolia,	which	strives	to	become	a	

net	power	exporter	upon	the	construction	of	large-

scale	renewable	power	facilities	in	the	Gobi	Desert	

(Gobitec)	and	an	Asia	Super	grid	interconnection.	For 

19	 Natural	reserves	for	coal	and	gas,	and	maximum	technical	
potential	for	hydro,	solar	and	wind.

20	 Hard	coal	(bituminous	and	anthracite)
21	 Technically	exploitable	resources	(	Belayev	et	al,,	2018).
22	 The	major	share	of	these	potential	hydropower	resources	are	

located	in	south-west	China.
23	 Calculations	are	based	on	the	data	from	the	Atlas	of	Renewable	

Energy	Resources	on	the	territory	of	the	Russian	Federation	
(Popel	et	al.,	2015),	which	estimates	the	solar	potential	of	
Siberia	and	the	Russian	Far	East	at	32,454	TWh/year,	and	
assumes	the	average	capacity	factor	of	0.15	for	conversion	into	
GW.

24	 Including	areas	around	small	islands.
25	 Calculations	are	based	on	the	data	from	the	Atlas	of	Renewable	

Energy	Resources	on	the	territory	of	the	Russian	Federation	
(Popel	et	al.,	2015),	which	estimates	the	wind	potential	for	
Siberia	and	the	Russian	Far	East	at	the	height	of	100	m	to	be	
8291	TWh/year,	and	assumes	the	average	capacity	factor	of	
0.23	for	conversion	into	GW.

the	Russian	government,	expansion	of	electricity	exports	

to	 neighbouring	 countries,i.e. from	 the	 Far	 Eastern	

region,	is	one	of the	strategic goals	of	its	energy	policy. 

The	DPRK	does	not	have	a	pronounced	policy	towards	

regional	power	grid	interconnection but	is	nevertheless	

maintaining	a	dialogue	with	the	Russian	Federation	

on	possible	cooperation	 in	the	power	sector.	Japan	

also	 has	 no	 official	 policy	 regarding	 cross-border	

interconnections	and	the	possibility	of	power	import/

export.

Further	information	on	power	systems	of	the	North-

East	Asian	countries	is	presented	in	the	Appendix	I	of	

the	present	report.

Table 6 _ Power generation resources, by country, in North-East Asia19

China DPRK Japan Mongolia Republic of 
Korea

Russian 
Federation 

(Siberia/Far 
East)

Coal20 (bln 
T)

5,191 10.6 13.9 41 1.7 2,694

Gas (bcm) 72,076 No country data 
available

26 133 55 188,050

Hydro 
(TWh/yr)21

2,47422 >26.0 135.8 22 26.4 75/684

Solar PV 
(GW)

No country data 
available

255 1,500 3.6 24,96523

Wind (GW) No country data 
available

267.56 
(onshore)

1,303 
(offshore)24

1,100 0.85 4,14525

Oil (bln T) 23 No country data 
available

- 1 - 46.6

NPP 48.7 38.5 - 21.8 -
Solar PV 204.7 42.8 0.05 8 0.05/ -
Wind 210 3 0.15 1.3 -
Geothermal - 0.02 -
Oil 16.25 (included 

in TPP)
0.04

Source: Belyaev et al., 2018; Asia Pacific Energy Portal; Popel et al., 2015; MOE, 2013; IRENA, 2016; BGR, 2013.
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Table 7 _ Overview of power system structure, by country, in North-East Asia

Generation Transmission Distribution Sales: Retail 
market

Sales: 
Wholesale 

market
Power import/

export

China State-owned 
enterprises, 
private-owned 
companies 
(small portion)

Two State-
owned TSOs

State-owned 
(state and 
provincial level)

State-owned 
TSOs, private-
owned retailers 
(small portion)

30% of total 
demand

State monopoly 
(SGCC, CSG)

Democratic 
People’s 
Republic of 
Korea

Large generation 
capacities state-
owned, growing 
decentralized 
generation

State-owned State-owned Regulated prices Regulated prices -

Japan 834 power 
producers 
(METI, 2019)

Regulated, legal 
unbundling to 
be completed by 
2020

Regulated, 
unbundling to 
be completed by 
2020

Fully liberalized 
– 634 retailers
(METI, 2020)

20% of total 
demand (JPEX, 
2018)

-

Mongolia State-owned 
enterprise – 
over 60%, private 
companies

State-owned 
TSO

State-owned 
and private 
distribution and 
retail companies

State-owned 
and private 
distribution and 
retail companies

- State monopoly 
(vertically 
integrated 
Power System 
Companies – 
CES, WES, AuES, 
EES)

Republic of 
Korea

Partially 
liberalized - 6 
subsidiaries 
of KEPCO, 17 
major private 
generators

State-owned 
(KEPCO) has 
monopoly

KEPCO has 
monopoly

Prices 
determined by 
KEPCO, vary 
among nine 
categories

KPX, daily 
price-building 
based on SMP 
and capacity 
markers, price 
cap for baseload 
generation appr. 
95% of total 
demand

-

Russian 
Federation

Partially 
liberalized – 60% 
of generation 
capacity – 
state-owned 
enterprises, rest 
– private-sector 
companies

State-owned 
(Rosseti)

Both state-
owned 
(subsidiaries 
of Rosseti) and 
private sector 
distribution 
companies

Both state-
owned 
(subsidiaries 
of Rosseti) and 
private sector 
distribution 
companies. 
Market-based 
pricing in Siberia 
IPS, regulated 
pricing in Far 
East IPS and 
isolated regions 
of Far East

Both power 
and capacity, 
Market-based 
pricing in Siberia 
IPS, regulated 
pricing in Far 
East IPS and 
isolated regions 
of Far East

State monopoly 
(Inter Rao)

NPP 48.7 38.5 - 21.8 -
Solar PV 204.7 42.8 0.05 8 0.05/ -
Wind 210 3 0.15 1.3 -
Geothermal - 0.02 -
Oil 16.25 (included 

in TPP)
0.04
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Power grid 
connectivity in 
North-East Asia
Current status and 
possible ways forward

A. Existing cross-border power grid 
interconnections in North-East Asia

As	of	2020,	power	grid	 connectivity	 in	North-East	Asia	 is	 at	 a	

preliminary	 stage,	 with	 several	 grid	 connections	 constructed	

for	bilateral	cross-border	electricity	trade	between	the	Russian	

Federation,	China,	Mongolia	and	DPRK.

The	main	electricity	exporting	countries	in	the	region,	currently	

the	Russian	Federation	and	China,	export	power	to	the	Central	

Grid	 and	 the	Western	 power	 system	 of	Mongolia	 and	 import	

some	of	the	electricity	in	periods	of	minimum	loads	in	Mongolia.	

Russian	Federation	exports	have	been	growing	for	several	years	

and	increased	from	300	GWh	in	2016	to	416	GWh	in	2019.	Exports	

from	Mongolia	are	modest,	27	GWh	in	2018.	The	Russian	Federation	

also	exports	electricity	to	China	via	four	cross-border	lines.	Since	the	

bilateral	trade	agreement	was	signed	in	2009,	Russian	Federation	

electricity	exports	have	grown	almost	fourfold,	from	854	GWh	to	

3,319	GWh	in	2017	(Inter	RAO,	2020).

3
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The	Chinese	power	grid	is	connected	to	the	mining	

facilities	located	in	the	southern	Gobi	Desert	(Mongolia)	

by	a	220	kV	overhead	transmission	line,	which	was	

commissioned	in	2013	and	currently	operates	separately	

from	the	Mongolian	grid.	China’s	electricity	exports	

to	Mongolia	amounted	to	1,200	GWh	in	2018,	which	

accounts	for	about	15%	of	electricity	supplied	through	

Mongolia’s	Central	Grid	(Tumenjargal,	2018).

There	is	also	a	cross-border	link	connecting	the	DPRK	

to	China’s	 grid.	Both	 countries	 jointly	operate	 four	

hydropower	dams	with	installed	capacity	ranging	from	

190	MW	to	630	MW,	on	the	shared	Yalu	river.	Two	

additional	dams	with	installed	capacity	40	MW	each	

are	under	construction	and	were	planned	for	completion	

in	2019-2020.	The	total	installed	capacity	of	the	jointly-

operated	hydropower	plants	is	estimated	to	be	about	

2.4	GW.

Finally,	the	DPRK	is	interconnected	with	the	Republic	

of	 Korea	 through	 a	 154kV	 cross-border	 cable	 line	

that	has,	however,	not	been	in	operation	since	2016.	

The	interconnection	was	constructed	as	a	part	of	the	

Kaesong	Industrial	Complex	(KIC)	project,	aimed	at	

strengthening	economic	cooperation	and	contribute	

to	reconciliation	between	the	DPRK	and	the	Republic	

of	Korea.	The	industrial	complex	built	on	DPRK	territory	

and	interconnected	by	infrastructure	with	the	Republic	

of	Korea,	was	supposed	to	enable	Republic	of	Korea	

26	 Approximate	numbers	resulting	from	cross-checking	the	data	
available	in	the	analysed	studies.

businesses	to	manufacture	products	in	the	DPRK	as	

well	as	boost	DPRK’s	economic	development	and	ease	

tensions	across	the	demilitarized	zone.	The	power	line	

interconnecting	the	KIC	and	the	Republic	of	Korean	

power	grid,	commenced	operation	in	2007,	and	was	

put	out	of	commission	in	2016	together	with	the	KIC,	

which	was	shut	down	after	the	DPRK	nuclear	bomb	test	

in	2016.

Overall,	the	existing	cross-border	interconnections	in	

North-East	Asia	are	small	in	scale	and,	aside	from	the	

electricity	mix	in	Mongolia,	do	not	have	any	significant	

impact	on	the	energy	situation	in	the	region.

B. Proposed power grid 
interconnection projects

Within	 the	 studied	 literature,	 11	 interconnection	

proposals27	of	regional	and	interregional	scale	as	well	

as	30	interconnection	routes28	of	intraregional	scale	

could	be	identified.	The	first	of	these	interconnection	

routes	 was	 proposed	 in	 the	 late	 1990s	 and	 early	

2000s.	At	that	time,	particular	focus	was	placed	on	the	

27	 Four	interregional	interconnection	proposals	are	listed	in	the	
overview	table	for	the	sake	of	completeness,	but	not	explicitly	
covered	in	this	report.

28	 Another	set	of	nine	different	“loop	routes”	was	proposed	
by	Lee	(2000),	including	various	variations	of	cross-border	
interconnections	between	three	up	to	all	six	countries	of	
North-East	Asia.	Lee	analysed	possible	power	flows	for	each	
of	the	interconnections	but	did	not	discuss	their	feasibility.	
Nevertheless,	these	routes	are	listed	in	the	overview	table	for	
the	sake	of	completeness.

Table 8 _ Existing cross-border interconnections in North-East Asia

Countries involved End points Voltage Transmission capacity 
(MW)26

Russian Federation, Mongolia Gusinoozerskaya TPP (RUS) - Darhkan (MNG) 2*220 kV 250
Kharanorskay TPP (RES) - Choibalsan (MNG) 110 kV n.a.
Chadan (RUS) - Khandagaity-Ulanngom 110 kV 90

Russian Federation, China Blagoveshensk (RUS) - Heihe (China) 110 95
Sivaki (RUS) - Sirius/Aigun (China) 110 kV 90
Blagoveshensk (RUS) - Sirius/Aigun (China) 2*220 kV 300
Amurskay (RUS) - Heihe (China) 500 kV 750

China, Mongolia Oyu Tolgoi-Inner Mongolia 2*220 kV 300
China, DPRK 66kV 2*66kV n.a.
DPRK-ROK interconnection 
(not operating)

ROK-KIC 154kV 100
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interconnections	between	the	Russian	Far	East,	the	

DPRK	and	the	Republic	of	Korea,	modelled	around	the	

Shinpo	Light-Water-Reactor	(LWR).This	reactor	was,	

at	that	time,	constructed	in	the	DPRK	in	cooperation	

with	 the	 Korean	 Peninsula	 Energy	 Development	

Organization	 (KEDO),	 an	 international	 consortium	

comprising	the	Republic	of	Korea,	the	United	States,	

Japan,	the	European	Union	and	eight	United	Nations	

member	countries,	including	Canada,	Australia,	New	

Zealand,	Finland,	and	Indonesia	(KEDO,	2020).	The	LWR	

project	was	suspended	together	with	the	six-party	talks,	

and	terminated	in	May	2006.	Nevertheless,	conducting	

transmission	lines	through	the	DPRK	played	a	key	role	

in	many	interconnection	proposals	that	emerged	later,	

particularly	those	involving	the	Republic	of	Korea,	since	

any	on-land	routes	from	the	Republic	of	Korea	to	the	

Russian	Federation	or	China	had	to	pass	through	DPRK	

territory.

Another	set	of	cross-border	interconnections	that,	in	

different	versions,	has	also	been	proposed	since	the	

late	1990s	is	the	so-called	“power	bridge”	between	the	

Russian	Far	East	and	Japan.	Ranging	from	a	submarine	

link	between	Sakhalin	island	and	Hokkaido,	the	northern	

island	of	Japan,	to	a	set	of	submarine	cables	connecting	

the	Russian	Federation	mainland	with	Japan’s	main	

island,	Honshu,	these	interconnections	are	aimed	at	

solving	several	issues	at	once:

1.	 Provision	of	a	market	for	the	existing	Russian	surplus	

generation	(from	a	TPP	on	Sakhalin	or	thermal	and	

hydro	energy	from	the	mainland)	and	the	yet-to-be	

constructed	gas	and	coal-based	thermal	power	plants	

on	Sakhalin;

2.	 Supplying	comparatively	cheap	electricity	to	the	

Japanese	power	market;

3.	 Fostering	economic	development	on	Hokkaido,	and,	

more	importantly,	on	Sakhalin	island;	and

4.	 Improving	bilateral	relations	between	the	Russian	

Federation	and	Japan.

	Although	all	variations	for	the	interconnection	between	

the	Russian	Far	East	and	Japan	are	still	on	the	table	

and	a	subject	of	modelling	studies	and	estimates,	the	

preliminary	results	show	that	the	link	between	Sakhalin	

and	 Hokkaido	 alone	 will	 not	 bring	 large	 economic	

benefits.	 The	 electricity	 demand	 on	 the	 northern	

island	is	not	sufficient	for	such	an	interconnection	to	be	

economic	–	therefore,	the	“power	bridge”	between	the	

Russian	Federation	and	Hokkaido	only	makes	sense	if	

the	load	centres	on	Honshu	have	access	to	this	imported	

electricity.

The	first	attempts	to	assess	the	benefits	of	a	cross-

border	interconnection	between	China	and	the	Russian	

Federation	were	made	in	the	late	1990s.	However,	a	

recession	hit	the	Russian	economy	and	the	idea	was	

suspended	and	then	revived	in	the	early	2000s,	when	

research	 institutes	 in	 the	 Russian	 Federation	 and	

China	started	to	look	into	the	bilateral	interconnection	

potential	beyond	the	existing	cross-border	lines.	As	

China	began	to	recover	from	the	1998	Asian	financial	

crisis,	 the	 electricity	 demand	 in	 the	 country	 grew	

rapidly,	which	presented	an	opportunity	for	expansion	

of	electricity	trade	with	Russian	Siberia.	Given	that	

the	peak	loads	in	the	two	countries	differ	by	season	

(winter	 in	Siberia,	 summer	 in	China’s	 load	centres),	

the	core	idea	was	to	send	the	surplus	electricity	from	

the	already	operational	Siberian	thermal	 (TPP)	and	

hydropower	plants	(HPP)	to	China	in	summer,	and	to	

import	electricity	generated	by	Chinese	coal-fired	TPPs	

in	winter	(Belyaev,	2002).	As	these	proposals	feature	

interconnections	that	do	not	require	construction	of	

any	additional	generation	capacities,	but	which	derive	

benefits	of	synergies	between	the	power	systems	of	

Siberia	and	China,	their	economic	feasibility	has	been	

generally	estimated	as	high.	More	recent	proposals	

expand	 the	 scope	 of	 the	Russian	 Federation-China	

interconnections	to	the	Republic	of	Korea,	assuming	

construction	of	new	thermal	and	hydropower	plants	

in	Far	East.	

It	is	noteworthy	that	an	absolute	majority	of	the	studies	

on	bilateral	and	trilateral	cross-border	interconnections	

suggests	cross-border	electricity	supply	and	exchange	

based	either	on	conventional	thermal	(coal	and	gas-

fired)	 or	 large-scale	 hydropower	 generation.	 The	

only	interconnection	implying	exchange	in	electricity	

generated	 from	variable	 sources	would	be	 the	one	

between	the	Republic	of	Korea	and	Japan,	and	 it	 is	

being	studied	as	one	link	in	the	regional	power	grid.	

The	marginal	role	of	variable	renewables	in	the	cross-

border	trade	is	not	surprising;	on	the	one	hand,	the	

competitiveness	and	practicality	of	variable	renewable	

technologies	only	began	to	grow	by	the	time	the	first	

cross-border	interconnections	had	been	developed.	On	

the	other	hand,	as	already	mentioned	in	the	previous	

section,	 accommodating	 large	 amounts	 of	 variable	

power	generation	requires	a	flexible	power	system,	
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which	none	of	the	bilateral	cross-border	ties	alone	can	

provide.

This	 need	 for	 a	 systemic	 approach	 to	 regional	

connectivity	 has	 spurred	 the	 development	 of	 new,	

region-wide	interconnection	proposals.	Most	of	them	

have	been	put	forward	in	the	past	decade	and	are	the	

result	of	cooperation	between:	

1.	 Various	research	institutions,	such	as	the	Melentiev	

Energy	System	Institute,	SB	RAS	(ESI	SB),	Korea	

Electrotechnology	Research	Institute	(KERI),	Electric	

Power	Planning	and	Engineering	Institute	(EPPEI),	

the	Renewable	Energy	Institute	Japan	(REI),	Japan	

Policy	Council	and	Skolkovo	Institute	of	Science	and	

Technology	(Skoltech);

2.	 International	 organizations,	 among	 them	 the	

Energy	 Charter,	 the	 Asian	 Development	 Bank,	

Global	Energy	Interconnection	Development	and	

Cooperation	Organization	(GEIDCO),	International	

Electrotechnical	Commission	(IEC);	and

3.	 Companies	from	the	regional	industry	sector,	such	

as	State	Grid	Corporation	of	China	(SGCC),	KEPCO,	

Softbank,	Marubeni	and	Daesung	Energy	Company.

Of	the	studied	 interconnection	proposals,	only	one	

presents	 an	 expansion	 of	 the	 conventional	 power	

system,	based	on	large-scale	hydropower	(NEAREST);	

the	rest	stress	the	importance	of	the	interconnection	for	

increasing	the	flexibility	of	national	power	systems,	in	

order	for	them	to	tap	the	regional	potential	of	variable	

renewable	energy	sources.	With	the	exception	of	two	

proposals	that	do	not	include	the	Russian	Federation	in	

the	original	design	–	i.e.,	Gobitec	+	ASG	by	the	Energy	

Charter,	NEASG	by	Bogdanov	and	Breyer,	2016	–	all	

interconnection	studies	encompass	the	whole	of	North-

Figure 20 _ Proposed course of the Asian Super Grid

Source: Energy Charter et al. (2014). Gobitec and the Asian Supergrid for Renewable Energy Sources in Northeast Asia. Energy Charter (978-905948-144-2). 
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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East	Asia,	and	underline	the	importance	of	including	the	

DPRK	in	the	regional	connectivity	initiatives,	both	for	

economic	and	security	reasons	(see	Section	B	below	

on	challenges	and	opportunities).	In	addition,	Mongolia	

plays	the	key	role	as	the	future	regional	powerhouse,	

providing	the	energy-hungry	economies	such	as	China,	

the	Republic	of	Korea	and	Japan	with	affordable	low-

carbon	electricity.	Most	of	the	proposals	are	still	at	the	

conceptual	stage	and	do	not	provide	many	technical	

details,	such	as	the	length	of	the	transmission	lines,	

generation	 capacities	 to	 be	 included	 etc.	 The	most	

advanced	proposals	in	terms	of	technical	design	are	the	

Asian	Super	Grid	(ASG)	initiative,	the	North-East	Asian	

Power	System	Interconnection	(NAPSI)	initiative	and	

the	North-East	Asian	Energy	Interconnection	(NEAEI).	

The	ASG	aims	to	interconnect	all	six	countries	of	the	

region,	supplying	them	with	electricity	from	wind	and	

solar	power-rich	areas	of	Mongolia’s	Gobi	Desert.	It	has	

been	proposed	that	large-scale	solar	PV	arrays	and	wind	

turbines	be	installed	on	2,500	km2	and	interconnected	

with	ultra-high-voltage	(min.	1,000	kV)	direct	current	

lines	to	the	national	power	systems	of	the	region.	The	

cost	of	the	project	 is	estimated	to	be	between	US$	

294.6	billion	(ECT,	2014)	and	US$	550	billion	(Van	de	

Graaf	and	Sovacool,	2013),	while	the	major	share	of	

the	total	cost	will	have	to	be	invested	in	the	renewable	

generation	capacities	and	a	much	more	modest	sum	in	

the	transmission	lines.	

NAPSI	 covers	 approximately	 the	 same	 geographic	

area,	and	has	the	expansion	of	the	renewable	power	

generation	base	in	Mongolia	at	its	core,	which	is	similar	

to	the	ASG.	NAPSI,	however,	offers	a	different	power	

grid	model,	focusing	more	on	bilateral	back-to-back	

HVDC	 (500kV,	 and	 800/1,100	 kV	 at	 later	 stages),	

interconnections	between	Mongolia’s	renewable	base	

and	the	main	load	centres	in	NEA	countries	as	well	as	on	

the	existing	power	grid	interconnections	that	will	have	to	

be	reinforced	by	lines	of	higher	voltage	and	transmission	

capacity.	 NAPSI	 proposes	 the	 development	 of	 the	

regional	power	grid	interconnection	in	three	stages,	

starting	with	deployment	of	5	GW	of	renewable	power	

Figure 21 _ Proposed North-East Asian Power System Interconnection by 2036

Source: Asian Development Bank (ADB)/ Électricité de France (EDF) (2019). Mongolia: Strategy for North-East Asia Power System Interconnection. Final 
Draft. Technical Assistance Consultant’s Report, ADB Project Nr 48030-001. Map is adapted by ESCAP.
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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generation	in	the	Gobi	Desert,	and	the	addition	of	new	

interconnections	as	the	renewable	base	expands	–	up	to	

100	GW	by	2036.	The	total	investment	cost	is	estimated	

to	 be	 US$	 148	 billion,	 while	 the	 main	 investment	

(US$	 129	 billion)	 will	 be	 required	 at	 a	 later	 stage.	

Development	of	a	5	GW	renewable	power	generation	

base	in	Mongolia	and	interconnecting	it	with	the	first	

few	load	centres	(Stage	1)	would	cost	about	US$	12.9	

billion	(ADB/EDF,	2019).

As	part	of	the	Global	Energy	Interconnection,	proposed	

by	GEIDCO,	NEAEI	aims	to	interconnect	all	six	North-

East	Asian	countries	in	a	“three-ring	and	one	line”	grid	

interconnection	pattern	through	five	corridors.	The	

first	corridor	would	interconnect	Mongolia,	China,	the	

Republic	of	Korea	and	Japan.	The	second	one	would	

connect	China	and	the	Russian	Federation.	The	third	

would	connect	the	Russian	Federation	and	Japan.	The	

fourth	would	connect	China,	the	DPRK	and	the	Republic	

of	Korea,	and,	finally,	the	fifth	would	connect	the	Russian	

Federation,	the	DPRK	and	the	Republic	of	Korea.	In	

addition,	18	high	voltage	(500-800kV)	interconnections,	

ca.	990	GW	of	new	renewable	generation,	would	be	

developed	by	2050,	including	about	430	GW	off-	and	

on-shore	wind	power	generation	capacities	distributed	

over	the	Sea	of	Okhotsk,	Sakhalin	Island,	south-east	

Mongolia,	north	and	north-east	China	as	well	as	five	

solar	power	generation	bases	in	Mongolia’s	Gobi	Desert	

area,	with	total	capacity	of	ca.	510	GW,	and	two	new	

hydropower	plants	with	ca.	54	GW	total	capacity	on	

the	Lena	(Russian	Federation)	and	Heilongjinag-Amur	

(Russian	Federation/China)	rivers.	To	implement	this	

project	by	2050,US$	2,100	billion	of	investment	in	the	

above-mentioned	renewable	generation	capacities	and	

US$	600	billion	in	the	construction	of	transmission	lines	

will	be	needed.29

Development	of	critical	infrastructure	such	as	the	power	

grids,	whether	“only”	between	two	countries	or	on	a	

regional	scale,	inevitably	will	involve	significant	amounts	

of	 investment	 as	 well	 as	 technical	 and	 regulatory	

coordination,	and	have	implications	for	national	energy	

29	 GEIDCO,	2018.

Figure 22 _ Proposed North-East Asia Energy Interconnection by 2050

Source: GEIDCO (2018). North-East Asia Energy Interconnection. Global Energy Interconnection Development and Cooperation Organization. October 2018. 
Map is adapted by ESCAP.
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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security	as	well	as	social	welfare.	In	the	next	section,	

this	 report	presents	an	overview	of	challenges	and	

opportunities	that	such	interconnections	present	in	

North-East	Asia.
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Sustainable 
power system 
development in 
North-East Asia
Benefits of cooperation 
and challenges

W
hichever	of	the	region-wide	power	grid	interconnection	

project	proposals	is	implemented,	there	is	solid	scientific	

evidence	that	increased	power	grid	connectivity	between	

the	countries	of	North-East	Asia	has	great	potential	for	(a)	providing	

consumers	everywhere	in	the	region	with	cheaper	electricity,	(b)	

increasing	the	overall	reliability	of	national	power	systems,	and	(c)	

contributing	to	the	alleviation	of	air	pollution	and	the	reduction	of	

carbon	emissions.	As	with	every	large-scale	endeavour,	however,	the	

regional	power	grid	interconnection	may	have	negative	externalities	

and	become	a	driver	of	environmental	degradation	and	loss	of	social	

welfare	in	the	region.	

In	 order	 to	 ensure	 that	 regional	 cooperation	 on	 power	 grid	

connectivity	 develops	 in	 a	 sustainable	 way,	 the	 feasibility	 of	

interconnection	projects	should	be	assessed	from	a	more	holistic	

perspective.	The	focus	of	the	existing	studies	has	usually	been	on	

aspects	of	the	chosen	interconnection	project	such	as	the	total	

cost	 of	 the	 interconnection,	 environmental	 risks	 and	 damage,	

opportunities	for	cooperation	on	energy	security	or	the	potential	

for	modernizing	the	regional	infrastructure	fleet	and	power	systems	

with	new	technologies.	This	issue-specific	approach	has	facilitated	

4
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the	 emergence	 of	 in-depth	 analyses	 of	 the	 various	

aspects	relevant	to	the	respective	interconnections,	

which	 together	build	an	extensive	knowledge	pool.	

Combining	the	insights	from	these	numerous	studies	

enables	the	focus	to	be	shifted	from	specific	issues	to	the	

systemic	changes	that	an	increase	in	the	regional	power	

connectivity	will	trigger	for	economies	and	societies	

of	the	countries	in	North-East	Asia.	In	other	words,	it	

enables	the	assessment	of	the	existing	interconnection	

proposals	from	a	viewpoint	of	their	overall	sustainability.	

Cooperation	on	the	regional	connectivity	in	North-East	

Asia	will	face	some	challenges	common	to	any	of	the	

multilateral	interconnection	proposals.	However,	some	

opportunities	and	challenges	are	specific	to	different	

interconnection	initiatives,	or	are	existent	only	under	

certain	 conditions.	 Therefore,	 although	 this	 report	

aims	to	summarize	the	challenges	and	opportunities	

for	regional	power	grid	interconnectivity	in	general,	

remarks	are	made	on	any	aspect	that	is	valid	only	for	a	

particular	interconnection	design.

A. Economic aspects

Overview 

Opportunities/benefits Challenges/threats
Avoided costs through non-construction of new generation 
capacities.

Size of the Chinese power market and cross-border 
interconnections, and possible implications for the regional 
power system.

Avoided costs through non-construction of new (domestic) 
transmission lines.

Attracting investments for cross-border and regional power 
grid interconnections.

Avoided costs due to decreasing need for storage 
capacities.

Inconsistent power market liberalization in the region.

Increased cost-competitiveness of HV transmission 
technologies due to long transmission distances.

Fair distribution of benefits and of the financial burden.

Cheaper electricity for power markets with high electricity 
prices, reduction of electricity prices due to region-wide 
competition.

Potential opposition from domestic power business.

Reduced cost for ancillary services due to an increase in 
the scope of the power system.

Operationalizing the electricity trade in an interconnected 
power system.

More investments in new technologies and infrastructure.

Possible benefits

Varying	economic,	climatic	and	geographical	conditions	

in	the	countries	of	North-East	Asia	create	synergies	

that	make	regional	interconnections	an	economically	

beneficial	option.	In	the	region	where	central	electricity	

consumption	areas	(e.g.,	Tokyo	and	Beijing)	are	far	from	

resource	fields	(e.g.,	the	Gobi	Desert,	and	large	rivers	in	

the	Russian	Far	East),	a	power	interconnection	opens	

new	markets	for	the	resource-rich	countries	and	areas,	

and	for	the	areas	with	high	and/or	growing	electricity	

demand	–	i.e.,	access	to	new,	cheap	electricity.	Numerous	

models	and	scenarios	of	regional	and	transregional	

interconnections	have	demonstrated	that	a	regional	

power	 interconnection	 would	 bring	 the	 average	

price	 of	 electricity	 down	 compared	 to	 the	 isolated	

national	power	markets	(Podkovalnikov	et	al.,	2018;	

Podkovalnikov,	2011;	Podkovalnikov	2002;	Rafique	et	

al.,	2018;	Otsuki,	2015;	Bogdanov	and	Breyer,	2016;	

Chung	and	Kim,	2007).

Although	 the	 distribution	 of	 economic	 benefits	 is	

likely	to	be	uneven	between	the	countries,	depending	

on	the	size	of	their	national	power	markets,	and	their	

location	and	position	 in	 the	 regional	power	system	

(importer/exporter/transit	 country),	 the	 overall	

economic	effect	of	the	power	grid	interconnection	on	

the	region	is	assessed	to	be	positive.	In	the	case	of	a	

region-wide	 interconnection,	 China	 and	 Japan	 will	

receive	the	greatest	effect	of	participation.	As	the	two	

largest	participants	in	the	regional	power	system,	their	

economic	gains	would	correspond	to	more	than	two-
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thirds	of	the	total	system	(Podkovalnikov	et	al.,	2018;	

Voropai	et	al.,	2019).	Compared	to	an	isolated	scenario/

status	quo,	China	will	benefit	from	the	interconnection	

mainly	due	to	the	size	of	its	market	and	lesser	need	to	

install	new	generation	capacities.	By	comparison,	Japan’s	

high	electricity	prices	are	the	major	reason	behind	the	

high	profitability	of	the	regional	interconnection	for	the	

island	state.	

Economic	benefits	can	be	captured	from	several	aspects	

of	an	increased	regional	power	grid	connectivity.	First,	it	

is	generally	acknowledged	by	those	studies	focusing	on	

economic	feasibility	of	regional	power	interconnections	

that	the	total	cost	calculation	for	any	of	the	initiatives	

should	include	the	“avoided”	costs:	

Avoided costs due to less need for construction of 
new generation capacities

Connecting	power	systems	with	seasonally	different	

maximum	loads	such	as,	for	example,	the	Siberian	EPS	

and	the	Chinese	EPS,	is	economically	effective.	The	

need	to	build	new	generation	capacities	is	lesser	in	an	

interconnected	system	since	the	combined	annual	load	

maximum	of	consumers	in	an	interconnected	power	

system	 is	 less	 than	 the	 sum	of	 the	 power	 systems’	

annual	maxima	at	their	separate	operation.	Although	the	

interconnected	system	will	have	additional	transmission	

costs	as	well	as	possibly	increased	fuel	costs30	for	higher	

utilization	of	existing	facilities,	 these	are	estimated	

to	be	far	below	the	expenses	otherwise	created	for	

the	construction	of	new	generating	 facilities	 in	 the	

respective	independent	systems	(Belyaev	et	al.,	2006;	

Chung	and	Kim,	2007;	Podkovalnikov,	2011;	Breyer	et	

al.,	2015).	Saving	investment	for	generation	capacities	

due	to	the	interconnection	of	power	systems	results,	

in	turn,	in	recovering	less	investment	and	interest	from	

electricity	tariffs,	resulting	in	lower	electricity	tariffs	

(Podkovalnikov	2002).

Avoided costs due to less need for enhancing the 
domestic transmission lines

Cross-border	interconnections	that	link	the	generation	

facilities	directly	with	the	metropolitan	load	centres	

(such	 as	 in	 the	 case	 of	 the	 interconnection	 routes	

between	the	Russian	Far	East,	DPRK	and	the	Republic	

of	Korea)	may	save	investments	in	domestic	transmission	

lines	that	otherwise	needed	to	be	developed	to	transfer	

30	 Fuel	costs	are	more	likely	to	increase	on	the	exporting	side.

power	 to	 the	 load	centres	 (ibid.,	12).	This	might	be	

particularly	important	when	considering	sections	of	the	

regional	power	grid	that	go	through	less	interconnected	

power	systems,	such	as	that	of	the	DPRK	or	Mongolia.

Avoided costs due to decreasing need for storage 
capacities

Surplus	 electricity	must	 be	 either	 re-directed,	 e.g.,	

through	demand	management	mechanisms,	stored,	

curtailed	by	cutting	the	generation	facility	off	the	grid,	

in	order	to	avoid	grid	congestion.	This	is	particularly	

true	for	power	systems	accommodating	an	increasing	

share	of	variable	renewable	energy.	Unless	there	is	an	

interconnection	to	enable	 integration	of	significant	

volumes	of	renewable	generation	capacity,	countries	

will	have	to	resort	to	building	up	higher-cost	storage	

capacities	or	to	increasing	curtailment	rates.	Therefore,	

costs	 for	additional	high-voltage	 transmission	 lines	

will	be	compensated	by	a	decrease	in	generation	and	

storage	 capacities	 (Otsuki,	 2017a;	 Bogdanov	 and	

Breyer,	2016).	An	additional	benefit	that	 is	derived	

from	a	regional	power	grid	interconnection	could	be	

the	ability	to	store	the	generated	power	that	national	

power	 systems	 cannot	 accommodate	 by	 utilizing	

storage	capacities	in	neighbouring	countries.	The	large	

reservoir	hydropower	plants	operating	in	Siberia	and	the	

Russian	Far	East,	for	example,	might	have	a	considerable	

seasonal	potential	that	can	be	used	to	balance	variable	

electricity	generated	by	renewable	generation	facilities	

in	China	(Voropai	et	al.,	2019).

Given	 the	 gradual	 cost	 reduction	 of	 storage	

technologies,	maintaining	regional	independent	systems	

while	 increasing	 the	 share	 of	 variable	 renewable	

generation	will	eventually	be	cost-effective	as	well.	

It	 can,	 however,	 take	 up	 to	 a	 decade	 until	 a	 set	 of	

independent	power	systems	have	managed	to	decrease	

the	cost	of	electricity	to	the	level	that	they	would	have	

had	in	a	regionally	interconnected	system	(Breyer	et	al.,	

2015;	Chung	and	Kim,	2007).

Benefit of scale: Increased cost-competitiveness 
of high-voltage transmission technologies due to 
long transmission distances

When	 it	 comes	 to	 constructing	 transmission	 lines	

between	 different	 countries	 in	 North-East	 Asia,	

significant	 distances	 have	 to	 be	 covered	 –	 from	

several	hundred	to	more	than	1,000	kilometres	per	

interconnection.	 In	 order	 to	 reduce	 transmission	
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losses	 for	 long-distance	 interconnections,	 high-

voltage	 transmission	 cables	 have	 to	 be	 used,	 with	

either	direct	(HVDC)	or	alternating	current	(HVAC).	

HVDC	transmission	lines,	which	are	proposed	as	the	

key	transmission	technology	by	most	studies,	are	more	

costly	thanthe	HVAC	equivalent,	since	they	necessitate	

construction	of	high-cost	converter	stations.	However,	

from	a	so	called	“critical	length”	that	lies	between	600	

and	1,000	km	(depending	on	the	difficulty	of	the	route),	

the	total	cost	of	HVDC	transmission	lines	decreases	

compared	to	the	HVAC	alternative.31	Given	that	the	

length	of	interstate	transmission	lines	in	North-East	Asia	

usually	exceeds	this	critical	length,	HVDC	technology	is	

the	most	cost-competitive	solution.	For	interconnections	

involving	submarine	cable	lines	the	critical	length	of	a	

transmission	system	does	not	exceed	80	km	(Koshcheev,	

2001)	–	a	distance	most	interconnection	routes	in	the	

region	exceed.

Cheaper electricity for power markets with 
high electricity prices, and general reduction of 
electricity prices due to region-wide competition

Integration	of	national	power	markets	brings	the	cost	of	

regional	interconnection	projects	down	–	if	the	national	

grid	is	already	in	place,	less	transmission	lines	have	to	be	

constructed.	However,	even	with	fragmented	national	

markets,	a	regional	power	grid	interconnection	creates	

a	considerable	decrease	in	electricity	cost	(Bogdanov	

and	Breyer,	2016;	Breyer	et	al.,	2015;	ADB/EDF,	2019)	

due	 to	 economic	 efficiency	 through	 international	

competition.	A	country	with	a	high	electricity	price	

could	import	cheaper	power	from	another	country	at	a	

lower	price.	A	country	may	supply	electricity	at	a	lower	

price	in	a	set	period	and	offer	a	higher	price	in	another	

period.	When	two	countries	connect	their	markets	to	

trade	electricity	on	a	larger	scale,	competition	between	

them	drives	down	power	prices	in	both	countries	(a	win-

win	relationship)	(REI,	2017).

In	the	initial	stages	of	cooperation,	however,	the	primary	

benefits	will	be	related	to	the	increased	stability	of	the	

power	grid,	not	the	decrease	in	electricity	prices.	Given	

the	limited	scale	and	capacity	of	the	first	cross-border	

interconnections,	their	impact	on	the	electricity	prices	

will	be	marginal.

31	 See	the	next	section	on	technology	aspects.

Reduced cost for ancillary services due to an 
increase in the power system scope

One	benefit	of	increasing	connectivity	in	the	region	

is	to	lower	the	cost	of	ancillary	services.32	Costs	for	

the	provision	of	 large	amounts	of	ancillary	services	

capacity	tend	to	be	higher	in	small	systems	than	in	large	

systems,	in	part	because	of	the	economies	of	scale	that	

large	systems	are	able	to	take	advantage	of,	including	

the	availability	of	more,	and	more	diverse,	generating	

resources.	Regional	integration	further	allows	for	joint	

optimization	of	system	operations,	which	can	improve	

overall	 operating	 efficiency	 of	 the	 generating	 fleet	

and	reduce	operating	costs,	such	as	the	cost	of	fuel	

(Podkovalnikov,	2011;	Neuhoff,	2001).	

Trading	 ancillary	 services	within	 a	 regional	market	

also	enables	increased	flexibility	of	the	interconnected	

transmission	systems.	This	can	be	seen,	for	example,	in	

the	European	power	market,	where	national	regulatory	

authorities	and	TSOs	are	developing	a	set	of	rules	to	

enable	cross-border	trading	between	so-called	balancing	

markets.	

In	the	medium	term,	as	the	share	of	variable	renewable	

generation	in	the	national	power	systems	of	North-

East	Asian	 countries	 continues	 to	grow,	 innovative	

solutions	will	be	necessary	to	support	system	balancing.	

Enhancing	 access	 to	 balancing	 resources	 through	

regional	 power	 grid	 interconnection	 may	 not	 only	

contribute	 to	 the	 overall	 system	 stabilization	 and	

decrease	costs,	but	could	also	drive	the	participation	

of	renewable	generation	facilities	in	the	provision	of	

ancillary	services	(e.g.,	inertial	response	provided	by	

wind	turbines,	or	voltage	support	provided	by	solar	

PV	inverters),	in	particular	by	offering	them	additional	

markets	and	a	greater	pool	of	demand	to	provide	these	

services.

Increased benefits to power grid integration 
due to reduction in LCOE of variable renewable 
technologies and high-voltage transmission 
technologies

Cost	reductions	of	electricity	are	likely	to	be	even	more	

significant	than	proposed	by	existing	studies	due	to	

falling	costs	of	renewable	generation	and	long-distance	

transmission	technologies.	The	first	modelling	exercises	

32	 Ancillary	services	run	regulatory	operations	in	the	background	
that	perform	multiple	functions	–	monitoring,	balancing	and	
repairing	the	energy	infrastructure	(DENA,	2019).
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on	cross-border	interconnections	in	North-East	Asia	

with	the	integration	of	variable	renewable	generation	

date	back	to	the	mid-2000s.	Consequently,	many	of	the	

available	economic	estimates	were	made	with	the	back-

then	soaring	costs	of	solar	PV	and	wind	technology.	Even	

the	most	recent	analyses	(Otsuki	et	al.,	2016;	Khamisov	

and	Podkovalikov,	2018)	assume	the	cost	of	electricity	

generated	from	solar	PV	to	be	US$	0.05-0.066	per	KWh.	

Meanwhile,	reductions	in	LCOE	of	solar	electricity	as	

well	as	the	recent	auction	and	tender	results	suggest	

that	by	2030,	the	prices	will	fall	to	between	US$	0.08/

kWh	and	US$	0.02/kWh	(IRENA	2019).	It	is	therefore	

safe	 to	 assume	 that	 the	 economic	 benefit	 of	 the	

proposed	interconnection	models	would	be	even	greater	

than	suggested	by	many	studies.	The	cost	of	UHVDC	

transmission	lines	is	also	rapidly	going	down	(Liu	et	al.,	

2016),	which	creates	a	larger	profit	margin	for	electricity	

trade	in	the	region,	given	differences	in	the	national	

electricity	tariffs.

Even more economic benefits with right policies 
- regional energy system based on low-carbon 
energy generation and carbon policies

Economic	estimates	published	in	recent	years	have	

started	 including	 the	 carbon	 emission	 cost	 in	 their	

analysis	(Fan	et	al.,	2019;	Otsuki	et	al.,	2016;	Otsuki,	

2017a;	Zhang	et	al.,	2016;	Podkovalnikov	et	al,	2020).	

The	economic	benefits	of	an	interconnected	regional	

power	system	are	particularly	evident	when	climate	

and	energy	goals	of	the	respective	countries	in	North-

East	Asia	are	considered.	Increasing	the	flexibility	of	

thermal	power	plants	and	developing	cross-regional	

interconnection	ties	are	among	the	most	cost-effective	

methods	 of	 integrating	 larger	 shares	 of	 renewable	

generation	capacities	and	hence	of	increasing	renewable	

energy	consumption.	Although	the	studies	have	proven	

most	interconnection	proposals	to	be	cost-effective	

under	present	conditions,	coordinated	national	climate	

and	energy	policies	could	give	these	projects	a	major	

impetus.

In	particular,	the	interconnection	promotes	the	cost-

effectiveness	 of	 energy	 systems	 under	 stringent	

conditions	 such	 as,	 for	 example,	 nuclear	 phase-out	

in	 Japan.	 In	 such	 a	 scenario,	 the	 interconnections	

diminish	the	replacement	cost	of	phased-out	nuclear	

power	plants	by	reducing	the	need	for	constructing	new	

thermal	power	plants.	On	the	regional	scale,	countries	

would	benefit	from	lower	levels	of	CO
2
	emissions,	due	to	

lesser	need	to	construct	new	coal-	and	gas-fired	power	

plants,	thus	contributing	to	their	respective	national	

climate	goals	(Zhang	et	al.,	2018;	Kanagawa	and	Nakata,	

2006).	In	view	of	these	considerations,	interconnection	

projects	that	propose	connecting	the	already	existing	

low-carbon	generation	capacities,	such	as	the	hydro	

power	plants	 in	 the	Russian	Far	East	and	 southern	

Siberia,	appear	to	be	the	most	economically	attractive	

in	the	short	term.	Interconnections	of	the	regional	scope	

that	involve	the	construction	of	large-scale	variable	

renewable	generation	capacities	are,	on	the	other	hand,	

a	viable	option	in	the	medium	term.

Possible challenges

There	is	more	than	enough	evidence	that	developing	

power	 grid	 connectivity	 in	 North-East-Asia	 makes	

considerable	sense	from	an	economic	perspective,	and	

a	large	share	of	the	proposed	interconnection	projects	

is	cost-efficient.	There	are,	however,	factors	that	can	

affect	the	economic	efficiency	and/or	contribute	to	a	

redistribution	of	benefits	between	the	participating	

countries:

Size of the Chinese power market and possible 
implications for the regional power system

Being	 responsible	 for	 more	 than	 three-quarters	

of	 the	 regional	 electricity	 consumption,	 China	 will	

have	a	major	 influence	on	 the	state	of	 the	regional	

power	 system.	 When	 fully	 interconnected,	 the	

North-East	Asian	countries	will,	to	a	certain	extent,	

become	 interdependent	 in	 terms	 of	 power	 supply.	

Consequently,	any	major	disturbances	in	the	Chinese	

power	market	(e.g.,	blackouts)	or	abrupt	changes	in	

Chinese	consumption	patterns	may	affect	the	regional	

power	market.	The	scope	of	such	an	effect	depends	

on,	among	other	reasons,	the	transmission	capacity	of	

the	cross-border	interconnections	and	the	volume	of	

power	traded	over	the	border,	and	may	be	minimal	in	

the	initial	stages	of	regional	power	grid	development.	

Indeed,	most	commonly	proposed	are	back-to-back,	

cross-border	 interconnections	 with	 transmission	

capacity	between	0.4	GW	and	4	GW,	which	are	not	

likely	to	be	able	to	spread	any	major	disturbances	in	the	

Chinese	power	market	to	other	interconnected	power	

systems.	Nevertheless,	an	assessment	of	such	a	risk	and	

the	development	of	risk	management	and	emergency	

cooperation	mechanisms	are	necessary,	particularly	as	

the	integration	of	the	power	systems	in	North-East	Asia	

is	deepening	(Bogdanov	and	Breyer,	2016).
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Attracting investments for cross-border and 
regional power grid interconnections

As	the	overview	table	with	proposed	interconnections	

demonstrates,	 implementing	 cross-border	 and	

regional	interconnection	projects	requires	substantial	

investments	of	up	to	several	hundred	billion	United	

States	 dollars.	 The	 initial	 costs	 for	 the	 installation	

of	 renewable	 generation	 capacities	 and	 for	 the	

construction	 of	 transmission	 lines	 account	 for	 the	

major	 share	 of	 the	 total	 cost,	 and	 they	make	 such	

interconnection	projects	less	attractive	for	investors	

(Otsuki,	2017b;	Otsuki	et	al.,	2016.;	Voropai	et	al.,	2019;	

Podkovalnikov	et	al.,	2015).

Therefore,	particularly	when	it	comes	to	large-scale	

multilateral	 interconnection	projects	 in	North-East	

Asia,	 the	 relevant	 stakeholders	 need	 to	 carefully	

consider	 how	 to	 secure	 large	 investments,	 taking	

into	 consideration	 long-term	 energy	 prices,	 capital	

costs	and	environmental	policy	trends.	This	involves,	

for	example,	the	development	of	mechanisms	for	risk	

reduction.	Additional	factors,	such	as	the	impact	of	the	

capacity	factor	on	the	transmission	price	(particularly	

relevant	to	the	transmission	of	variable	renewables-

based	electricity	over	long-distance	transmission	lines)	

may	 also	 need	 to	 be	 considered	 depending	 on	 the	

interconnection	design.	As	financial	markets	are	usually	

not	able	to	underwrite	this	kind	of	debt,	loan	guarantees	

or	special	state-sponsored	financing	mechanisms	should	

be	offered	by	the	involved	Governments.	Involvement	of	

multilateral	(e.g.,	international	or	regional	investment)	

banks	 that	 would	 adopt	 policies	 for	 compensating	

stranded	costs	in	the	event	of	project	failure	would	

also	be	helpful	in	attracting	private	investors	(Cooper	

and	Sovacool,	2013,	Voropai	et	al.,	2019;	Wang,	2007).

In	 view	 of	 the	 high	 upfront	 cost	 of	 regional	

interconnection	projects,	several	studies	have	suggested	

that	securing	the	financing	through	investments	from	

national	 network	 companies	 seems	 to	be	 the	most	

practicable	solution	(Belyaev	and	Podkovalnikov,	2007;	

Voropai	 et	 al.,	 2019).	However,	 in	North-East	Asia,	

where	the	network	companies	have	monopolies	on	

transmission	in	most	countries,	it	remains	questionable	

how	eager	they	will	be	to	invest	in	projects	that	might	

eventually	 lead	 to	 competition	 in	 the	 transmission	

sector.	 Some	 recent	 studies	 have	 suggested	 that	

transmission	 can	 derive	 more	 opportunities	 than	

threats	 from	 Japan-Russian	 Federation	 power	 grid	

interconnection	 (Kimura	 and	 Ichimura,	 2019)	 and	

Japan-Republic	of	Korea	power	grid	interconnection 

(i.e,	Zissler	and	Cross,	2020).	In	any	case,	the	central	role	

of	state-owned	transmission	operation	companies	in	the	

national	power	sectors	has	to	be	taken	into	account	and	

their	potential	contribution	to	financing	cross-border	

interconnectionshas	yet	to	be	estimated.

Additional	financing	for	variable	renewable	generation	

capacities	in	Mongolia	might	come	from	development	

aid,	since	Mongolia	has	access	to	such	international	

resources,	 including	 technical	 support	 that	 is	 not	

available	to	developed	nations.	The	World	Bank,	ADB,	

Asian	Infrastructure	Investment	Bank	(AIIB)	and	the	

European	Bank	for	Reconstruction	and	Development	

(EBRD)	are	well-positioned	to	lend	financial	support	to	

Mongolia,	and	clean	energy	projects	as	the	deployment	

of	wind	and	solar	capacities	in	Mongolia	are	exactly	the	

type	of	win-win	climate	mitigation	solution	that	the	

World	Bank	has	prioritized	as	part	of	its	climate	strategy	

(Borgford-Parnell,	2011).

Considering the additional costs of maintaining 
renewable generation capacities due to 
geographical and climate specifics

Southern	Mongolia’s	Gobi	Desert	is	arguably	the	single	

best	location	for	solar	power	generation	in	the	region;	

the	more	 than	300	days	of	 sunshine	per	year,	 little	

humidity	and	low	average	temperatures	seem	to	be	the	

perfect	conditions	for	deploying	large-scale	solar	PV	

generation	capacities.

Nevertheless,	maintenance	of	such	facilities	in	the	Gobi	

Desert	might	prove	to	be	more	challenging,	leading	

to	 additional	 costs.	 In	 particular,	 the	 dust	 storms	

that	regularly	occur	in	the	desert	could	reduce	solar	

insolation	and	thus	lessen	the	efficiency	of	the	solar	

panels.	Therefore,	the	cleaning	measures	will	need	be	

developed	and	considered	when	estimating	the	overall	

cost	of	the	project.	In	this	regard,	the	stakeholders	might	

consider	solutions	used	by	the	countries	of	the	Arabic	

Peninsula,	where	climatic	conditions	are	similar	to	those	

of	the	Gobi	Desert	and	north-east	China.

Market liberalization at different stages in North-
East Asian countries as a potential obstacle to 
effective cooperation on connectivity

A	large	portion	of	scenarios	and	connectivity	models	

has	been	analysed	under	the	assumption	that,	by	the	

time	regional	interconnections	are	established,	there	
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will	be	a	liberalized	wholesale	market	in	the	region.	The	

economic	benefits	of	these	project	proposals	should	

be	estimated	for	the	case	of	partial	liberalization	of	

the	 power	 market	 in	 the	 region	 (Lee	 et	 al.,	 2011).	

Advancing	liberalization	of	the	national	power	markets	

significantly	can	increase	the	economic	benefits	of	a	

regional	power	interconnection.	While	different	levels	

of	liberalization	are	not	a	fundamental	obstacle	to	the	

establishment	of	regional	power	trade,	in	the	long-term	

further	liberalization	and	subsequent	creation	of	the	

competitive	regional	power	market	can	allow	North-East	

Asia	to	derive	the	full	benefits	of	regional	integration.

Distribution of benefits and the financial burden

Although	a	regional	power	interconnection	will	most	

likely	 contribute	 to	 the	 reduction	 of	 the	 average	

electricity	price	in	North-East	Asia,	it	is	important	that	

participating	countries	be	aware	of	the	fact	that	the	

economic	benefits	will	likely	to	be	distributed	unevenly.	

Furthermore,	when	securing	financing	for	a	region-wide	

interconnection	project,	the	participating	parties	should	

ensure	that	weaker	economies	which	lack	strong	debt	

repayment	and	technical	capacities	(e.g.,	Mongolia	and	

DPRK)	are	assisted	through	concessional	or	grant	funds	

(Bhattacharyay,	2012;	Cooper	and	Sovacool,	2013).

Potential opposition from domestic power 
business

A	regionally	interconnected	power	system	would	grant	

the	North-East	Asian	countries	numerous	benefits,	such	

as	lower	electricity	prices	and	a	boost	in	investments.	

Nevertheless,	one	of	the	central	stakeholders	–	domestic	

power	industry	of	the	net	importing	countries	–	may	

oppose	the	connectivity	vision,	fearing	profit	losses	

due	to	increased	competition	from	abroad.	National	

Governments	should	engage	in	dialogue	with	national	

generation	and	transmission	companies	from	the	earliest	

stages	of	planning.

Conducting electricity trade

Finally,	trade	mechanisms	for	electricity	trade	on	the	

regional	level	have	to	be	developed.	One	decision	that	

has	to	be	decided	upon	is	the	currency	used	for	the	

transactions.	After	the	Global	Financial	Crisis,	China	

and	the	Russian	Federation	would	use	their	national	

currencies	 in	 power	 trade	 settlement	 to	 save	 the	

transaction	cost	compared	to	the	use	of	United	States	

dollars.	 However,	 usage	 of	 the	 respective	 national	

currencies	will	 lead	 to	 an	 exchange	 rate	 risk	 if	 the	

exchange	rate	mechanism	of	the	two	sides	is	different	

(as	is	the	case	with	the	Russian	rouble	and	the	Chinese	

renminbi)	(Wang	et	al.,	2012;	Kalashnikov,	1997).	The	

national	currencies	of	the	Russian	Federation,	China	

and	the	DPRK	do	not	belong	to	the	freely	convertible	

–	a	fact	that	creates	difficulties	in	organizing	electricity	

exchange	(especially	with	the	DPRK),	which	requires	

special	discussion	when	determining	a	form	of	payment.	

The	following	solutions	(or	their	combinations)	can	be	

used	 for	 regional	electricity	 trade	Payment	 in	hard	

currency,	the	most	probable	choice	being	the	Japanese	

yen	as	the	only	freely	convertible	currency	in	the	region;	

payment	 in	national	currencies;	or	a	barter	form	of	

payment,	when	in	exchanges	for	electricity,	goods	and	

services	are	provided.	While	the	last	two	solutions	may	

be	acceptable	to	more	participating	countries	than	the	

first	one,	they	would	complicate	the	procedure	of	mutual	

payments.
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With	the	emergence	of	a	large,	interconnected	regional	

power	system,	innovative	solutions	will	be	essential	to	

avoiding	congestion	and	improving	the	system	stability.	

One	of	the	key	challenges	related	to	deployment	of	

renewable	energy	resources	is	that	they	are,	to	a	large	

degree,	constrained	both	in	time	and	space.	The	best	

wind	and	solar	resources	are	often	located	far	from	

centres	of	energy	demand	and	vary	in	output	based	on	

weather	conditions	or	time	of	the	day.	Spatial	constraints	

also	exist	for	hydropower	as	well	as	for	geothermal,	

wave	or	tidal	power.	Expansion	of	transmission	lines	

is	 often	 the	 only	 possible	 way	 to	 efficiently	 utilize	

the	most	attractive	renewable	resources	(IEC,	2016;	

Podkovalnikov	et	al.,	2020).

Increased stability of the regional power system 
and smoothing

There	 are	 several	 mechanisms	 that	 can	 help	 to	

add	 flexibility	 to	 a	 power	 system	 and	 allow	 for	

accommodation	of	large-scale	renewable	generation	

capacities.	Among	them	are	raising	the	efficiency	of	

existing	 thermal	 power	 plants,	 building	 additional	

flexible	power	capacities	and	expanding	transmission	

lines,	both	domestically	and	through	interconnections	

with	neighbouring	countries.	The	latter	option	is,	as	

demonstrated	 in	 the	previous	 section	on	economic	

aspects,	 not	 only	 the	 most	 cost-effective,	 but	 also	

highly	 efficient	 since	 an	 integrated	 grid	 of	 several	

countries	has	a	much	higher	capacity	to	absorb	variable	

renewable	energy	than	separate	national	grids	(Zhang	

et	al.,	2018,	Li	and	Kimura,	2016;	Lee	et	al.,	2007b;	EC,	

2014).	 Several	 simulations	demonstrate,	 that,	 even	

if	 the	power	 interconnection	does	not	 significantly	

improve	the	reliability	of	the	power	supply,	the	required	

capacity	reserve	is	decreased	with	the	same	reliability	

(Podkovalnikov	 et	 al.,	 2002;	 Podkovalnikov,	 2011;	

Belyaev	et	al.,	2002).

Furthermore,	 transmission	 interconnection	 can	

become	a	valuable	flexibility	tool	for	facilitating	the	

integration	 of	 variable	 renewable	 resources,	 as	 it	

allows	the	smoothing	of	national	renewable	generation	

profiles	(IEC	2016).	Increasing	the	spatial	extent	of	an	

interconnected	power	transmission	grid	smooths	the	

feed-in	by	the	exchange	of	excess	energy	over	 long	

distances,	and	therefore	supports	renewable	power	

integration	(Krutova	et	al,	2017).

B. Technical/operational aspects

Overview

Opportunities/Benefits Challenges/Threats
Increased stability of the regional power system (higher 
capacity of the system to absorb variable renewables).

Choosing the most appropriate transmission technology 
and power grid design for the needs of North-East Asia.
Long distances, difficult routes and high cost.

Synergies from combining different peak loads by season. Strengthening domestic power infrastructure and ensuring 
the stability of weaker grid links.

Synergies from combining different peak loads in different 
time zones.

Harmonization of grid codes and technical standards.

Synergies from spatial distribution of renewable energy 
sources and the resulting smoothing effect.

Harnessing the solar and wind potential of Mongolia under 
harsh climatic and geographic conditions.
The need for innovative ancillary service solutions, 
including coordination, to enable region-wide power system 
management.
Data sharing for reliable operation of the interconnected 
grid.
Capacity-building for faultless operation of the grid.

Developing transport infrastructure to support the 
development of variable renewable generation capacities 
and the construction of transmission lines.
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Synergies from combining different peak loads 
by season 

Establishing	 a	 regional	 power	 interconnection	 can	

effectively	take	advantage	of	the	seasonal	differences	

in	 electricity	 demand	 between	 the	 different	 areas	

and	countries	by	shaving	peaks,	thus	optimizing	the	

distribution	of	the	generated	electricity.	In	regions	such	

as	the	Russian	Far	East,	Siberia,	north-east	China	and	

Mongolia,	the	peak	load	normally	emerges	in	winter,	

while	electricity	demand	in	Japan,	the	Republic	of	Korea,	

north	(particularly	the	Beijing	area)	and	eastern	China	

peaks	in	summer.	Interconnections	between	these	areas	

will	lead	to	a	more	balanced	distribution	of	loads	during	

the	whole	year,	thus	reducing	the	need	for	installing	new	

generation	capacities	(Liu	et	al.,	2016;	Voropai	et	al.,	

2019;	Yilmaz	and	Li,	2018;	IEC	2016).	Interconnections	

enabling	Russian	electricity	exporst	to	Japan	and	the	

Republic	of	Korea	would	have	the	most	potential	to	

utilize	the	seasonal	difference	in	peak	loads	(Voropai	

et	al.,	2019a;	Park	et	al.,	2004).

The	overall	reliability	of	the	regional	power	system	

may	 also	 be	 enhanced	 by	 connecting	 areas	 with	

abundant	storage	capacities	to	areas	with	a	high	share	

of	variable	power	generation.	One	such	example	 is	

an	 interconnection	 between	 Siberian	 hydropower	

reservoirs	 and	 renewable	 generation	 capacities	 in	

northern	China.	The	surplus	electricity	could	be	stored	

in	the	reservoirs	of	the	hydropower	plants	and	sent	back	

to	China	during	the	period	of	load	increase.

Synergies from combining different peak loads 
by the time zone

Some	studies	argue	that	the	wide	geographical	spread	

of	the	North-East	Asian	countries	causes	them	to	have	

differing	peak	hours,	which	is	why	the	daily	peak	load	can	

also	be	rebalanced	through	regional	interconnections	

(Li	and	Kimura,	2016).	It	is,	however,	important	to	note	

that	despite	the	impressive	geographic	spread	of	the	

region,	it	covers	only	four	different	time	zones.	Japan,	

the	Republic	of	Korea	and	the	Siberian	region	are	all	

in	the	same	time	zone	and	have	one-hour	difference	

with	China	as	well	as	two	to	three	hours	difference	

with	areas	in	the	Russian	Far	East.	Consequently,	the	

potential	benefits	from	time	zone	difference	can	only	

be	harnessed	by	interconnecting	the	Russian	Far	East	

to	Japan	or	north-eastern	China	(Otsuki	et	al.,	2016).

Technical challenges

Next	 to	 the	 poor	 level	 of	 institutionalization	 and	

political	 tensions,	 insufficiently	 developed	 green	

energy	infrastructure	is	the	major	obstacle	to	creating	a	

regional	power	grid	based	on	variable	renewable	power	

generation.	The	existing	power	systems	were	built	and	

optimized	 for	 a	 fossil	 fuel-based	power	 generation	

and	need	to	be	adjusted	to	grant	the	regional	power	

system	more	flexibility	(Frick	and	Thioye,	2018).	Low	

levels	of	population	density	in	the	regions	with	abundant	

resources	 for	 power	 generation	 as	well	 as	 difficult	

terrain	on	some	interconnection	routes	add	further	

technical	challenges.

Choosing the most appropriate transmission 
technology and power grid design for the needs 
of North-East Asia: Long distances, difficult 
routes and high cost 

The	 necessity	 to	 cross	 large	 rivers	 (like	 the	 Amur,	

for	example,	in	the	Russian	Far	East)	and	sea	straits	

(to	connect	Japan	with	the	Russian	Far	East	or	with	

the	 Republic	 of	 Korea)	 makes	 several	 routes	 for	

interconnections	in	the	North-East	Asian	region	very	

challenging.	Nevertheless,	technological	progress	in	

transmission	technologies	and	electronics	as	well	as	

the	 scale	 effect	 can	provide	a	 sustainable	 solution.	

High-voltage	DC	lines	(HVDC)	are	acknowledged	to	be	

the	optimal	technology	for	power	transmission	over	

long	 distances,	 while	 implementing	 DC	 submarine	

cables	allows	crossing	wide	rivers	and	sea	straits.	The	

higher	cost	of	HVDC	cables	levels	out	starting	from	a	

“critical	distance”	of	600	km	for	overhead	and	80	km	

for	submarine	cables,	since	the	higher	cost	of	converter	

stations	is	being	compensated	by	the	lower	cost	of	the	

transmission	cable,	compared	to	other	technologies.	

Given	that	most	projected	interconnections	in	North-

East	 Asia	 are	 significantly	 longer	 than	 the	 “critical	

distance”,	the	higher	cost	of	HVDC	transmission	lines	

is	a	lesser	challenge	(Podkovalnikov,	2011).

Strengthening domestic power infrastructure 
and ensuring the stability of weaker grid links

The	extent	to	which	national	power	grids	in	North-East	

Asian	countries	are	integrated	as	well	as	the	design	of	

the	power	grids	varies	greatly	–	from	the	centralized	

power	grid	system	in	the	Republic	of	Korea	through	

integrated	grids	at	prefectural	or	provincial	levels	in	

Japan,	China	and	Mongolia,	to	the	poorly	integrated	

Sustainable power system development in North-East Asia

45

Benefits of cooperation and challenges



grid	in	the	DPRK.	If	a	regional	power	interconnection	

should	involve	large-scale	variable	renewable	generation	

capacities,	the	ability	to	accommodate	bulk	variable	

power	transmissions	of	regional	grids	in	their	current	

state	 should	 be	 examined	 (Podkovalnikov,	 2002).	

The	 smaller	 scale	 of	 transmission	 capacity	 of	 the	

Mongolian	 and	 DPRK	 domestic	 grids	 makes	 them	

particularly	vulnerable	to	any	shortages,	fluctuations	

and	disruptions	of	supply.	Furthermore,	Mongolia	has	

long-term	power	purchase	agreements	with	the	Russian	

Federation,	which	leaves	little	room	for	integration	of	

alternative	forms	of	generation	 into	the	Mongolian	

grid	 in	 its	 current	state.	On	 the	Russian	side,	 strict	

provisions	regarding	variability	and	load-frequency	

control	pose	a	challenge	for	integrating	new	renewables.	

Consequently,	if	the	regional	power	system	based	on	

variable	renewable	electricity	should	be	interconnected	

with	the	Russian	Federation,	specific	agreements	for	

potential	 variability	 will	 likely	 need	 be	 negotiated	

(Cooper	 and	 Sovacool,	 2013;	 Churkin	 et	 al.,	 2019;	

Song,	2013).	In	any	case,	deployment	of	the	variable	

renewable	potential	of	the	Gobi	Desert	would	require	

immediate	interconnection	of	the	generation	capacities	

with	neighbouring	countries.	

China’s	 eastern	 grid	 is	 likely	 to	 play	 a	 central	 role	

in	 supporting	 the	 North-East	 Asian	 power	 grid	

interconnection.	China	is	actively	developing	ultra-high	

voltage	domestic	power	links,	and	plans	to	establish	the	

eastern	and	western	synchronized	grid	within	service	

areas	of	the	State	Grid	Corporation	of	China	(SGCC)	(Liu	

et	al.,	2016).	On	the	other	hand,	interconnecting	Japan	

might	prove	to	be	a	challenge.	In	order	to	enable	bulk	

electricity	transmissions	from	the	mainland	to	the	Tokyo	

area,	Japan’s	main	load	centre,	interconnection	links	

between	Japan’s	islands	as	well	as	between	different	

service	areas	will	most	likely	need	be	strengthened.

While	 strengthening	 the	 domestic	 power	 grid	 is	 a	

task	 that	 needs	 to	 be	 addressed	 by	 all	 North-East	

Asian	countries,	it	is	not	a	prerequisite	for	pursuing	

cooperation	on	regional	power	grid	connectivity.	Even	if	

the	domestic	power	grid	is	not	fully	developed,	countries	

in	the	subregion	can	secure	some	benefits	from	cross-

border	interconnections.	Undoubtedly,	for	an	integrated	

regional	power	grid	to	be	fully	functional,	the	domestic	

power	grids	of	the	member	countries	will	also	need	

to	be	highly	integrated.	However,	the	initial	stages	of	

cooperation	towards	regional	power	connectivity	(e.g.,	

bilateral	cross-border	interconnections)	should	not	be	

hindered	by	this.	

Harmonization of grid codes and technical 
standards

Grid	 codes	 set	 the	 rules	 for	 the	power	 system	and	

energy	market	operation,	ensuring	operational	stability,	

security	 of	 supply	 and	 well-functioning	 wholesale	

markets.	 As	 such,	 they	 are	 essential	 both	 for	 the	

smooth	functioning	of	the	multilateral	power	trade	and	

the	successful	integration	of	large	shares	of	variable	

renewable	energy	sources.	Therefore,	harmonization	

of	grid	codes,	in	particular	those	related	to	transmission	

capacity	allocation	and	the	secure	operation	of	the	grid,	

is	among	the	prerequisites	for	the	regional	power	grid	

integration,	which	is	already	in	its	initial	stages	(IEA	

2019f).	The	harmonization	of	regional	grid	codes	comes	

with	the	necessity	to	share	data	on	national	power	

systems,	parts	of	which	–	particularly	if	related	to	grid	

planning	and	capacity	calculation	methodologies	–	are	

often	considered	sensitive.	However,	the	data	required	

as	a	minimum	for	enabling	cross-border	power	trade,	

however,	does	not	fall	into	this	category,	and	therefore	

poses	no	obstacle	for	the	harmonization	ofthe	grid	code.	

At	the	initial	stage	of	grid	code	harmonization,	it	may	

take	place	in	the	bilateral	or	multilateral	format,	where	

specifics	of	each	country’s	power	system	are	taken	into	

account.

Among	the	concrete	technical	challenges	for	the	initial	

stage	of	regional	power	grid	interconnection	are	the	

different	frequencies	of	the	domestic	grids	in	North-

East	 Asian	 countries.	 The	 frequency	 of	 alternating	

current	is	50	Hz	in	the	Russian	Federation,	Mongolia,	

China	and	northern	Japan.	In	the	Republic	of	Korea	and	

southern	Japan	it	is	60	Hz,	while	in	the	DPRK	the	actual	

operating	frequency	varies	and	has	been	closer	to	50	Hz	

(Hippel,	2001;	Podkovalnikov,	2011).	The	most	feasible	

solution	among	those	suggested	by	various	studies	for	

interconnecting	 non-synchronized	 power	 systems	

in	the	region	are	direct	current	interconnection	ties	

with	AC/DC/AC	back-to-back	converters	(Giri,	2019;	

Podkovalnikov,	2011).

Finally,	even	in	power	systems	with	the	same	frequency,	

there	are	different	approaches	to	maintaining	power	

quality	and	control.	Although	technical	cooperation	

is	 required	 in	 achieving	 the	 long-term	 goal	 of	 a	

harmonized	regional	power	system,	implementing	DC	

interconnections	is	considered	to	be	the	most	practical	

solution	in	the	initial	stages	(Podkovalnikov,	2011).
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Harnessing the solar potential of Mongolia under 
harsh climatic and geographic conditions

While	the	operation	and	maintenance	of	large-scale	

PV	installations	appears	to	be	less	problematic,	even	

under	the	climatic	conditions	of	the	Gobi	Desert,	the	

installation	of	concentrated	solar	power	(CSP)	facilities	

–	another	technology	considered	for	the	Gobitec	project	

–	may	prove	to	be	a	challenge.	The	dust	storms,	whose	

obscuring	effect	on	the	PV	panels	can	be	redressed	

by	 introducing	dust-removing	solutions,	may	cause	

permanent	damage	 to	mirrors	 in	CSP	 installations,	

should	 this	 solar	 power	 technology	 be	 chosen	 for	

this	project	(Cooper	and	Sovacool,	2013).	Moreover,	

although	low	temperatures	are	known	to	increase	the	

efficiency	of	solar	panels,	they	might	appear	problematic	

in	the	case	of	a	CSP	installation.	Molten	salt,	which	

is	used	as	a	thermal	energy	storage	method	in	CSP	

facilities,	has	a	melting	point	of	221	°C	and	freezes	at	

temperatures	of	120-220	°C.	As	temperatures	in	the	

Gobi	Desert	can	go	well	below	-30°C	in	winter,	the	

Gobitec	design	will	need	to	include	a	sustainable	method	

to	keep	the	transfer	fluid	liquid	(Cooper	and	Sovacool,	

2013).

Also,	large-scale	wind	power	installations	will	have	to	

face	these	challenges,	in	particular	the	problem	of	de-

icing	the	turbine	blades	in	winter	as	well	as	the	potential	

effect	of	dust	on	the	performance	of	wind	turbines.

Innovative technologies for better ancillary 
services

Innovative	 design	 and	 introduction	 of	 wide-area	

monitoring	systems	(WAMS)	will	be	necessary	to	enable	

efficient	 ancillary	 services	 in	 a	 region-wide	 power	

system.	 Synchrophasors,	 a	 new	 grid	 measurement	

technology	 that	 is	 being	 used	 worldwide,	 could	

dramatically	 increase	the	capabilities	of	the	energy	

management	system.	In	contrast	to	the	conventional	

phasor	 measurement	 units,	 each	 measurement	 of	

a	 synchrophasor	 is	 precisely	 time-stamped,	 which	

allows	several	synchrophasors	from	across	the	grid	to	

be	synchronized	and	monitor	the	power	system	more	

efficiently	(Giri,	2019;	IEC,	2016).

Data sharing for reliable operation of the 
interconnected grid

Sharing	 real-time	 information	 from	 neighbouring	

countries’	major	substations,	such	as	information	on	

voltage	 and	 power	 flows	 on	 lines,	 transformers	 or	

generators,	is	necessary	for	safer	and	more	efficient	

coordination	of	the	grid	as	well	as	its	operation	in	an	

effective	and	secure	manner	(Giri,	2019;	Cooper	and	

Sovacool,	2013).	This	is	especially	beneficial	with	the	

growth	 of	 cheap	 renewable	 resources	 in	 different	

countries.	Some	studies	have	expressed	doubts	about	

the	readiness	of	North-East	Asian	countries	to	share	

such	 information,	 since	 it	 might	 be	 perceived	 as	

revealing	their	security	vulnerabilities	 (Cooper	and	

Sovacool,	2013).	In	order	to	overcome	political	mistrust	

and	de-securitize	the	issue	of	power	grid	cooperation	

–	i.e.,	to	stop	regarding	this	issue	solely	through	the	

prism	of	national	 security	–	 the	establishment	of	 a	

regular	dialogue	on	the	working	level	with	subsequent	

development	of	an	institutionalized	platform	for	such	

data	exchange	is	advisable.	Clarifying	what	data	need	

to	be	shared	for	what	type	of	interconnection	will	be	a	

necessary	first	step;	as	international	experience	shows,	

data	needed	for	the	coordination	of	a	regional	power	

grid	are	not	as	sensitive	as	is	often	perceived,	and	even	

less	so	for	bilateral	cross-border	interconnections.

Capacity-building for faultless operation of the 
grid

Operation	and	maintenance,	both	of	the	large-scale	

renewable	 generation	 facilities	 and	 the	 nodes	 of	 a	

region-wide	power	system,	are	highly	complex	tasks	

requiring	well-trained	personnel	on	the	ground.	This	

might	prove	to	be	a	challenge	in	the	case	of	Gobitec.	

While	it	is	a	globally	unprecedented	project,	both	in	

scope	and	implementation,	Mongolia	has	not	yet	gained	

enough	experience	in	operating	large-scale	renewable	

generation	facilities	and	ultra-high	voltage	transmission	

grids.	Cooperation	in	the	development	of	the	regional	

power	interconnection	should	go	hand-in-hand	with	

regional	capacity-building	programmes.	

Developing infrastructure to support the 
development of variable renewable generation 
capacities and the construction of transmission 
lines

Construction	 of	 large-scale	 renewable	 generation	

facilities	and	long-distance	transmission	lines	requires	

sufficient	 infrastructure	to	transport	the	necessary	

materials	and	components	to	the	construction	site.	

Transporting	 enormous	 wind	 turbines	 from	 the	

manufacturer	to	the	project	site	can	present	a	challenge	

even	in	countries	with	modern	infrastructure,	let	alone	
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unpopulated	 areas	 such	 as	 the	Gobi	Desert.	 There	

are	paved	highways	to	Mongolia’s	Oyu	Tolgoi	mine,	

constructed	with	 support	 from	 the	Government	of	

China	on	the	Sino-Mongolian	border;	however,	addional	

transportation	infrastructure	will	be	necessary	for	the	

construction	of	Gobitec	and	the	transmission	lines	in	less	

populated	areas	of	the	region	(Borgford-Parnell,	2011.).

C. Environmental and climate aspects

While	most	 of	 the	 proposed	 interconnection	 projects	 are	 profitable	 from	 the	 economic	 perspective	 (lower	

electricity	price),	it	is	also	important	to	consider	their	implications	for	environmental	sustainability.	Depending	on	

implementation,	cross-border	and	regional	power	interconnections	may	significantly	contribute	to	the	improvement	

of	the	environmental	situation	in	the	region,	or	to	further	exacerbate	it.

Overview

Opportunities/benefits Challenges/threats

Alleviating atmospheric pollution. Damage to habitat and environment due to large-scale 
construction works.

Curtailing CO2 emissions and accelerating the achievement 
of national climate goals.

Reducing other environmental risks through enabling 
renewable power generation.

Opportunities

There	appears	to	be	a	general	agreement	in	the	expert	

community	that	an	interconnection	of	North-East	Asian	

power	systems	has	strong	potential	for	improving	the	

environmental	situation	in	the	region	(Hammons,	2011;	

van	de	Graaf	and	Sovacool,	2014;	Streets,	2003).

Alleviating atmospheric pollution

Air	pollution	is	one	of	the	most	serious	environmental	

challenges	in	North-East	Asia,	with	populations	in	China,	

the	Republic	of	Korea	and	Mongolia	being	particularly	

affected.	Enhanced	power	grid	interconnections	can	

contribute	to	better	air	quality	in	North-East	Asia	in	

at	least	two	ways.	First,	air	quality	at	the	main	load	

centres	can	be	improved	with	the	spatial	separation	of	

generation	sources	and	points	of	electricity	use.	In	most	

of	the	region,	the	major	pollution	sources,	i.e.,	coal-fired	

power	plants,	are	located	in	urban	areas.	The	population	

in	these	areas	is	therefore	exposed	to	high	ambient	

pollutant	 concentrations,	with	 resulting	damage	 to	

human	health.	A	cross-border	interconnection	enables	

electricity	supplies	from	generation	sources	located	far	

from	urban	areas,	thus	improving	the	air	quality	in	the	

load	centres.	This	effect	would	take	place	even	with	non-

renewable	 generation	 sources,	 as	 long	 as	 they	 are	

located	 far	 from	 the	 populated	 areas	 (e.g.,	 cross-

border	interconnection	linking	the	existing	coal-fired	

TPPs	in	Siberia	or	the	Russian	Far	East	with	Chinese	

urban	areas).	The	environmental	benefit	of	power	grid	

interconnections	 is	 estimated	 to	 be	 highest	 during	

periods	of	maximum	load,	when	thermal	power	plants	

have	to	operate	at	full	capacity	and	produce	greater	

pollution	(Podkovalnikov,	2002;	Podkovalnikov,	2011).

Second,	regional	and	cross-border	interconnections	

could	improve	the	air	quality	by	replacing	coal-fired	

power	 generation	 with	 cleaner	 sources,	 such	 as	

hydropower,	variable	renewable	energy	sources	and	

natural	gas.	Doing	so	would	contribute	to	a	substantial	

decrease	in	volatile	chemical	particulate	matter,	carbon	

emissions	and	other	polluting	emissions,	including	SO
2
 

and	NOx,	not	only	in	the	singular	load	centres,	but	on	

the	regional	scale	(Cooper	and	Sovacool,	2013;	Liu	et	

al.,	2016;	Rafique	et	al.,	2018;	Streets,	2003;	Yoon	et	

al.,	2004;	Energy	Charter,	2014;	Podkovalnikov,	2002;	

Voropai	et	al.,	2019;	Churkin	et	al.,	2019;	Lee	et	al.,	

2011).
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Curtailing CO2 emissions and accelerating the 
achievement of national climate goals

Curtailing	CO
2
	emissions	to	an	extend	that	would	at	least	

correspond	to	the	nationally	determined	commitments	

(NDCs),	let	alone	UNFCCC’s	1.5	scenario,	is	a	task	of	

scale.	North-East	Asia	 is,	 on	 the	one	 side,	 home	 to	

some	of	the	world’s	most	energy-hungry	economies,	

and	on	 the	other	 side,	 to	 countries	with	 enormous	

potential	for	low-carbon	energy	deployment,	but	with	

economies	not	large	enough	to	harness	this	potential.	

A	 regional	 power	 grid	 interconnection	 could	 help	

to	 connect	 these	 two	 extremes	 and	 create	 a	 low-

carbon	 regional	 power	 system	 (Borgford-Parnell,	

2011;	ADB/EDF	2019).	According	to	one	of	the	most	

recent	studies	on	the	North-East	Asian	Power	System	

Interconnection	(NAPSI)	performed	by	EDF	and	ADB	

(2019),	 the	 implementation	 of	 the	 interconnection	

would,	depending	on	the	design,	result	in	an	additional	

17	Mt	to	210	Mt	of	CO
2
	emissions	in	North-East	Asia	in	

2036	(ADB/EDF	2019).

Furthermore,	once	established,	power	exchange	via	

regional	power	grid	interconnections	can,	in	the	long	

term,	foster	the	establishment	of	an	emission	trading	

market	among	the	countries	of	North-East	Asia.	It	could	

also	encourage	the	harmonization	of	environmental	

regulations	and	lead	to	a	more	efficient	environment	

and	climate	policy	overall	(Yoon	et	al.,	2004;	Hippel,	

2001;	Streets,	2003).	Once	bilateral	power	exchange	

via	 cross-border	 interconnections	has	evolved	 into	

a	 functioning	 regional	 power	 market,	 the	 market	

mechanism	itself	could	well	contribute	to	the	further	

reduction	of	carbon	emissions,	by	giving	preference	to	

the	electricity	source	of	the	lowest	marginal	cost,	which	

is	increasingly	becoming	renewable	energy.	Should	the	

competitiveness	of	renewable	energy	sources	be	further	

enhanced	through	the	introduction	of	a	carbon	pricing	

mechanism,	the	regional	power	market	could	become	an	

even	more	effective	tool	for	reducing	carbon	emissions.	

A	precondition	 for	 such	developments	 is,	 however,	

continuous	and	intensive	dialogue	on	climate	policies	

between	the	North-East	Asian	countries.

Although	 the	 potential	 for	 regional	 power	 grid	

interconnections	 to	 curtail	 carbon	 emissions	 in	

North-East	Asia	 is	considerable,	studies	addressing	

environmental	issues	give	a	word	of	caution.	Cross-

border	and	regional	interconnections	are	only	mitigating	

regional	carbon	emissions	if	they	enable	the	transfer	of	

electricity	generated	by	low-carbon	sources	or	if	they	

help	 to	avoid	construction	of	new	coal-fired	power	

plants	by	transferring	supply	surplus	electricity	from	

the	 already	 existing	 coal-fired	 power	 plants	 in	 the	

neighbouring	countries.	In	the	latter	case,	reduction	of	

the	carbon	emissions	happens	due	to	the	displacement	

of	coal	generation	near	the	load	centre.	If,	however,	the	

respective	interconnection	project	includes	construction	

of	new	coal-fired	generation	capacities,	a	transfer	of	

the	carbon	burden	occurs	and	an	increase	of	carbon	

emissions	at	the	regional	level	happens.	In	other	words,	

carbon	emissions	that	would	have	been	produced	by	the	

coal-fired	generation	facilities	near	a	populated	area	

are	instead	produced	in	the	distant	generation	facility,	

now	interconnected	with	the	populated	area.	Thus,	this	

would	have	zero,	or	even	negative	effect	on	regional	

efforts	to	reduce	carbon	emissions	(Hippel	et	al.,	2011).

Transfer	 of	 the	 carbon	 burden	 may	 even	 gain	

interregional	dimensions,	as	coal-fired	generation	in	

the	region	is	increasingly	replaced	by	the	low-carbon	

generation	sources.	For	example,	Japanese,	Korean	and	

Chinese	companies	are	now	actively	investing	in	newly	

commissioned	coal-fired	power	plants	abroad	(primarily	

in	South-East	Asia),	where	the	demand	for	cheap	and	

reliable	electricity	is	best	met	by	coal	(Bengali,	2019),	by	

trying	to	make	use	of	equipment	that	will	lose	its	value	in	

the	coming	years.	These	investments	are	much	needed	

in	 cross-border	 interconnections	 and	 the	 national	

Governments	should	strive	to	redirect	them	through	

climate	and	environment	policies.	

Reducing other environmental risks by enabling 
renewable power generation

A	regional	power	system	based	on	renewable	generation	

sources	is	considered	to	be	a	possible	solution	with	a	

generally	lower	risk	for	the	environment	compared	

not	only	to	coal,	but	also	to	other	low-carbon	sources.	

Among	the	threats	–	including	fossil	and	other	low-

carbon	 sources,	 such	 as	 nuclear,	 natural	 gas	 with	

carbon	capture	and	storage	technologies	–are	nuclear	

melt-down,	nuclear	terrorism,	unsolved	nuclear	waste	

disposal,	remaining	CO
2
	emissions	of	power	plants	with	

CCS,	a	diminishing	conventional	resource	base	and	high	

health	costs	due	to	heavy	metal	emissions	from	coal-

fired	power	plants	(Bogdanov	and	Breyer,	2016).

Challenges

It	 is	 evident	 that	 cross-border	 interconnections	 in	

the	region	could	have	a	major	positive	effect	on	the	
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air	quality	and	environment	 in	general,	particularly	

in	areas	of	high	electricity	use	such	as	metropolitan	

areas.	Nevertheless,	the	environmental	impact	caused	

by	 the	 construction	 and	 operation	 of	 transmission	

lines,	particularly	ones	that	may	have	to	pass	through	

environmentally	 fragile	areas,	 should	be	 taken	 into	

account.	Also,	depending	on	the	generation	source,	the	

positive	effect	created	for	the	load	centres	might	be	the	

opposite	in	the	sites	of	electricity	generation.

Damage to habitat and the environment due to 
large-scale construction work

Access	to	clean	water	 is	a	major	 issue	 in	Mongolia,	

where	approximately	half	of	the	country’s	population	

has	 no	 access	 to	 clean	water.	 Therefore,	 using	 this	

scarce	resource	for	the	purposes	of	the	power	grid	

interconnection	(in	particular,	cooling	of	renewable	

generation	 facilities,	construction,	mining	etc.)	may	

could	cause	even	more	acute	water	shortages	(Cooper	

and	 Sovacool,	 2013;	 van	 de	 Graaf	 and	 Sovacool,	

2014).	 Although	 this	 issue	 is	 not	 directly	 related	

to	 the	 envisioned	 transmission	 systems,	 but	 to	 the	

generation	facilities,	it	should	be	considered	if	the	large-

scale	renewable	energy	generation	facilities	such	as	

envisioned	by	the	Gobitec	are	to	become	the	core	of	

the	regional	power	grid	interconnection.	

Long-distance	transmission	lines	may	often	have	to	pass	

through	sensitive	ecological	areas	such	as	national	parks,	

woodlands	with	valuable	tree	species	as	well	as	densely	

populated	areas	(Hippel	et	al.,	2011;	Koshcheev,	2003).	

Accurate	estimates	of	land	use	for	the	construction	of	

transmission	lines,	 including	the	total	area	used	for	

towers,	should	be	made	a	part	of	the	feasibility	study	

of	any	long-distance	interconnection	project	(Koshcheev,	

2003).

When	cooperating	on	power	grid	interconnections	in	

the	region,	stakeholders	should	also	take	into	account	

and	carefully	assess	some	further	potential	risks,	such	as	

marine	ecosystem	damage	from	tidal	power	or	undersea	

cables,	possible	human	health	and	ecosystem	effects	

from	transmission	lines	as	well	as	the	environmental	

effects	 associated	 with	 specific	 alternative	 energy	

sources	(nuclear,	hydro	etc.)	(Streets,	2003).

Although	 the	 above-mentioned	 environmental	

challenges	 require	 thorough	 consideration	 and	

sustainable	 mitigation	 mechanisms,	 there	 is	 in	

general	 widespread	 agreement	 that,	 from	 the	

environmental	perspective,	 the	benefits	of	a	cross-

border	interconnection	in	North-East	Asia	significantly	

outweigh	the	possible	damage.	In	most	of	the	proposed	

interconnection	scenarios,	regional	power	systems	have	

better	environmental	and	economic	performance	than	

independent	ones	(Zhang	et	al.,	2016).	When	it	comes	

to	the	environmental	feasibility	and	benefits	of	singular	

interconnection	initiatives,	large-scale	interconnection	

projects,	such	as	the	Asian	Super	Grid,	NAPSI	or	GEI	

have	very	significant	potential	for	decarbonizing	the	

regional	power	sector	(Otsuki,	2017a;	Energy	Charter,	

2014;	Otsuki	et	al.,	2016;	Wang	et	al.,	2018;	Kim,	2020).	

D. Social aspects

Overview

Opportunities/benefits Challenges/threats
Improving social welfare and increasing living standards of 
the poorest population groups. 

Taking local interests into account.

Capacity-building as a key enabler of social welfare. Community support to ensure a just transition.

Alleviating energy poverty and granting high-quality access 
to energy and energy services.

Stranded assets and sustainable transition to a power 
system dominated by low-carbon generation.

Avoiding environmental degradation and loss of habitat.
Contributing to better human health by alleviating air 
pollution.
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Generally,	past	experiences	in	South-	and	South-East	

Asia	have	shown	that	regional	infrastructure	can	help	

to	increase	the	standard	of	living	and	reduce	poverty	

by	connecting	isolated	places	and	people	with	major	

economic	centres	and	markets,	 thus	narrowing	the	

development	 gap	 among	 Asian	 economies.	 It	 also	

promotes	environmental	sustainability	and	facilitates	

regional	 trade	 integration	 and	 the	 acceleration	 of	

regional	cooperation	(Bhattacharyay,	2010;	Zhang	et	

al.,	2019).	

Improving social welfare and increasing living 
standards of the poorest population groups 

Implementing	a	region-wide	interconnection	project	

can	have	various	positive	spillovers	for	the	societies	of	

North-East	Asia.	For	example,	construction	of	large-

scale	power	generation	facilities	such	as	Gobitec	could	

create	up	 to	an	estimated	400,000	new	 jobs	 in	 the	

solar	PV	sector	and	about	480,000	jobs	in	the	wind	

sector,	 thus	contributing	to	poverty	alleviation	and	

diversification	 of	 the	 economy	 in	Mongolia.	 At	 the	

regional	level,	the	creation	of	an	additional	140,000	jobs	

in	the	construction	and	maintenance	of	the	transmission	

lines	is	projected	(ECT,	2014;	REI,	2017).	Aside	from	

creating	new	jobs,	deeper	inclusion	of	Mongolia	in	the	

regional	wind	and	solar	PV	value	chains	would	boost	

the	development	of	critical	infrastructure	(e.g.,	railways	

and	highways)	in	the	country,	contributing	to	higher	

accessibility	to	social	services.	

Improvement	of	living	conditions	is	also	expected	in	the	

high-income	economies	such	as	Japan	and	the	Republic	

of	Korea.	There,	regional	power	interconnection	will	

help	 to	 overcome	 social	 constraints,	 such	 as	 the	

transmission	 line	 and	 power	 plant	 siting,	 given	 the	

little	 available	 land	 (Hippel,	 2001).	 Furthermore,	

realizing	 power	 export	 projects	 in	 the	 Russian	 Far	

East	will	contribute	to	alleviation	of	social	tension	by	

giving	the	population	new	employment	opportunities	

and	promoting	economic	growth	 (Hammons,	2011;	

Voropai	 et	 al.,	 2019;	 Sevastianov,	 2008).	 Also,	 the	

interconnections	between	the	Russian	Federation,	the	

DPRK	and	the	Republic	of	Korea	have	a	high	potential	

for	 improving	 the	 living	 conditions	 of	 the	 DPRK’s	

population,	particularly	if	that	country	is	not	merely	a	

transit	area	for	Russian	power	exports	to	the	Republic	of	

Korea,	but	also	profits	from	the	power	supplies	itself.	In	

particular,	re-launching	the	interconnection	between	the	

Korean	grid	and	the	Kaseong	Industrial	Complex	near	

the	demilitarized	zone	could	boost	the	DPRK’s	economic	

development	(Yoon	et	al.,	2004).

Capacity-building as a key enabler of social 
welfare 

According	to	the	report	of	the	Energy	Charter,	jobs	

that	would	have	been	created	by	the	implementation	

of	Gobitec	and	the	regional	power	 interconnection	

initiatives,	are	mainly	in	the	construction	sector	(both	

for	solar	PV	installations	and	the	transmission	lines)	

and	 only	 available	 for	 the	 period	 of	 the	 projected	

construction	time.	In	order	to	avoid	the	outsourcing	

of	the	jobs	in	the	operation	and	maintenance	of	the	

renewable	generation	facilities	as	well	in	the	control	

and	operation	of	the	cross-border	interconnections	

(Churkin	et	al.,	2019),	capacity-building	initiatives	should	

be	developed	and	implemented	at	an	early	stage	of	the	

regional	cooperation	on	power	grid	connectivity.

Alleviating energy poverty and granting high-
quality access to energy and energy services

Power	 grid	 interconnections	 of	 a	 regional	 and	

intercontinental	scale	are	often	positioned	as	one	of	

the	key	instruments	for	granting	access	to	modern	and	

clean	energy	by	the	population	groups	that	are	still	

locked	in	energy	poverty	(Kell,	2018;	Li	and	Jiang,	2018;	

Rafique	et	al.,	2018;	Yang	et	al.,	2018).	However,	it	is	

still	unclear	how	population	groups	in	remote	and	rural	

areas,	with	no	access	to	the	central	grid	(and	usually	

with	the	highest	levels	of	energy	poverty)	are	going	to	

profit	from	these	large-scale	infrastructure	projects.	

Cooperation	on	regional	power	connectivity	should	

also	include	initiatives	promoting	distributed	power	

generation	 and	 decentralized	 power	 grid	 solutions	

(Zhang	and	Qiu,	2018).

Improving	energy	services,	both	 in	 rural	and	urban	

areas,	is	imperative	for	improving	the	quality	of	energy	

access	and	for	the	populations	of	the	North-East	Asian	

countries	to	be	able	to	profit	from	the	regional	power	

interconnections.	The	poorest	households	in	Mongolian	

urban	areas	might	have	access	to	electricity,	but	in	the	

absence	of	better	energy	services	they	have	to	rely	

almost	entirely	on	coal,	wood	and	trash-burning	stoves	

for	heating,	damaging	their	health	and	air	quality	–	

power	interconnections	with	the	neighbouring	countries	

alone	will	not	be	able	to	solve	this	problem	(van	de	Graaf	

and	Sovacool,	2014).	Sector	coupling	and	electrification	

of	the	buildings	and	transport	sector,	particularly	in	
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the	low-income	countries,	can	be	one	of	the	central	

instruments	for	granting	high-quality	access	to	energy	

services	and	enabling	the	poorest	population	groups	to	

profit	from	the	regional	power	grid	connectivity.

Avoiding environmental degradation and loss of 
habitat

Improperly	 planned,	 sited	 or	 deployed	 renewable	

energy	 systems	 can	 have	 significant	 negative	

impacts	on	the	local	environment	and	residents.	For	

Mongolia’s	 fragile	 environment	 specifically,	 habitat	

loss	and	land	degradation	are	of	particular	concern.	

Additional	land	and	water	stress	may	be	triggered	by	

activities	of	the	rare	earth	mining	industry	that	are	

boosted	by	the	project	as	well	as	by	the	construction	

of	 the	 transmission	 infrastructure.	Cooling	of	 solar	

generation	and	some	transmission	facilities	(e.g.,	DC	

converters)	is	conventionally	accomplished	by	water	

cooling	technologies.	Given	the	acute	water	shortage	

and	the	lack	of	access	to	clean	water	for	a	large	share	

of	the	population,	the	use	of	water-cooling	technologies	

for	 large-scale	 power	 generation	 and	 transmission	

facilities	may	prove	catastrophic.	When	considering	the	

implementation	of	the	Gobitec	project,	the	stakeholders	

will	need	to	come	up	with	innovative	solutions	that	

enable	non-water/dry	cooling	systems	for	the	power	

grid	infrastructure	(Cooper	and	Sovacool,	2013).

Land	degradation,	particularly	in	southern	Mongolia,	

is	 of	 significant	 concern,	 especially	 along	 the	 edge	

of	the	Gobi	Desert	where	unchecked	desertification	

is	driven	by	climate	change	and	over-grazing.	A	total	

of77.8%	of	Mongolia’s	overall	land	area	is	affected	by	

degradation	(UNCCCD,	2019).	Wind	farm	development	

in	southern	Mongolia	will	require	construction	of	access	

roads	and	other	facilities,	which	could	cause	further	land	

degradation.	However,	wind	farm	development	may	

also	be	an	effective	catalyst	for	land	conservation	and	

anti-desertification	initiatives.	As	the	majority	of	wind	

development	property	remains	undeveloped,	that	land	

can	be	preserved	and	protected,	unneeded	access	roads	

can	be	reclaimed,	and	project	revenues	and	taxes	can	be	

used	for	conservation	efforts	(Borgford-Parnell,	2011).

Contributing to better human health by 
alleviating air pollution

Depending	 on	 their	 configuration,	 cross-border	

interconnections	in	North-East	Asia	may	significantly	

contribute	to	reducing	air	pollution	on	local	and	regional	

levels,	thereby	improving	public	health	in	North-East	

Asia.	The	first	effect	will	be	felt	in	the	main	energy	load	

centres	(metropolitan	areas	such	as	Beijing,	Harbin,	

Shenyang,	Pyongyang	and	Seoul),	powered	by	closely	

located,	coal-fired	thermal	power	plants.	Provided	that	

rural	electrification	is	achieved,	also	rural	communities	in	

northern	China,	Mongolia,	and	the	DPRK	would	benefit	

from	reduced	particulate	levels,	in	addition	to	reduced	

SO
2
,	NO

x
,	CO	and	other	gases	(Strets,	2003;	Hippel,	

2011).	

Several	 of	 the	 proposed	 bi-and	 trilateral	 cross-

border	transmission	lines	are	planned	on	the	premise	

that	 additional	 coal-fired	 generation	 capacities	 are	

constructed	in	the	areas	remote	from	the	main	load	

centres	(e.g.	 Interconnections	between	the	Russian	

Federation,	the	DPRKand	the	Republic	of	Korea).	While	

being	more	economically	 feasible	due	 to	 the	 lower	

upfront	cost	and	possibly	providing	access	to	cheaper	

electricity,	in	the	long-term,	these	projects	might	have	

negative	 spillovers	 on	 the	 air	 quality	 in	 the	 region.	

Alternatively	 exploring	 the	 potential	 cross-border	

interconnections	connecting	the	load	centres	with	the	

already	existing	coal-fired	generation	facilities	might	be	

reasonable	in	the	view	of	their	potential	positive	effect	

on	the	economic	development	(Wang,	2007,	34). Looking	

from	the	perspective	of	the	overall	sustainability	of	the	

regional	power	system,	however,	it	is	however	advisable	

to	focus	on	integration	and	deployment	of	low-carbon	

energy	sources	in	the	long	run.

Challenges

The	first	challenge	concerns	taking	local	interests	into	

account.	Long-distance	transmission	lines,	such	as	those	

envisioned	for	the	regional	power	grid	interconnection	

projects,	will	inevitably	go	across	some	populated	areas,	

potentially	infringing	upon	the	interests	of	the	local	

population.	The	most	evident	example	is	that	of	the	

nomadic	herders	who	comprise	about	30%	of	Mongolia’s	

population.	The	construction	of	transmission	lines,	large-

scale	renewable	generation	capacities	and	the	adjacent	

infrastructure	(e.g.,	roads)	that	are	planned	in	order	to	

interconnect	the	Gobitec	facilities	with	the	points	of	

electricity	demand	in	China,	can	potentially	block	the	

traditional	routes	of	the	herders,	thus	disturbing	their	

livelihoods.	When	it	comes	to	the	planned	transmission	

lines,	new	transmission	technologies	such	as	the	gas-

insulated	transmission	lines,	which	are	laid	underground	

and	 have	 less	 impact	 on	 the	 landscape,	 should	 be	

considered	given	their	cost-efficiency	by	the	time	the	
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transmission	lines	are	constructed.	In	the	case	of	large	

construction	sites,	policymakers	will	need	to	consider	

how	to	give	the	local	nomadic	families	right-of-way	

across	the	restricted	areas	or	develop	compensation	

mechanisms	in	order	to	accommodate	the	herders	and	

pre-empt	local	opposition	(Sovacool	and	Cooper,	2013:	

196).

In	 densely	 populated	 countries	 such	 as	 Japan	

and	 the	 Republic	 of	 Korea,	 local	 opposition	 to	 the	

interconnection	projects	may	arise	since	the	generation	

and	transmission	facilities	may	have	some	impact	on	

the	 scenery	 and	 the	 ecosystems.	 In	 order	 to	 gain	

public	 acceptance	 of	 these	 new	 transmission	 lines,	

it	is	important	to	engage	in	a	dialogue	with	the	local	

population	and	affected	stakeholders	from	an	early	

stage	of	the	project	development.	

Second,	support	needs	to	be	given	to	the	communities	

affected	in	order	to	ensure	a	just	transition.	Particularly	

when	it	comes	to	the	DPRK	and	Mongolia	as	well	as	in	

north-east	China,	where	a	large	share	of	the	population	

do	not	have	access	to	the	central	grid,33	a	regional	power	

grid	interconnection	per	se	might	be	of	negligible	or	no	

benefit	to	those	communities.	Together	with	pursuing	

the	connectivity	vision,	community	support	programmes	

should	be	developed	 to	 ensure	 that	 the	prosperity	

33	 Here,	central	grid	refers	to	the	main	transmission	system.	
In	some	cases,	such	as	in	North-Eastern	China,	access	to	
electricity	is	provided	through	a	combination	of	mini-grid	and	
off-grid	solutions.

gained	 from	 an	 interconnected,	 low-carbon	 power	

system	is	shared	with	the	poorest	population	groups.

Stranded assets and sustainable transition 
to a power system dominated by low-carbon 
generation.

Growing	electricity	imports	through	regional	power	

interconnection	may	 eventually	 cause	profit	 losses	

for	businesses	related	to	production,	transportation	

and	 conversion	 of	 conventional	 generation	 fuels	

in	 the	 importing	 country;	 such	 businesses	 include	

mechanical	 engineering,	metallurgy,	 chemistry	 and	

construction	(Korneev	et	al.,	2018).	So	far,	no	studies	

have	 been	 carried	 out	 on	 the	 implications	 of	 such	

shifts	in	social	welfare	in	the	importing	country.	It	is,	

however,	important	to	make	sure	that	the	population	

groups	employed	in	the	“conventional”	energy	sector	

are	provided	with	new	job	opportunities	should	the	

increase	in	regional	power	trade	produce	such	“stranded	

assets”.	Taking	the	investors	onboard	in	the	planning	of	

regional	power	grid	interconnection	and	the	ongoing	

shift	towards	low-carbon	energy	systems	is	necessary	

in	order	to	streamline	new	investments	in	the	energy	

sector	and	prevent	the	creation	of	further	stranded	

assets.	
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Towards regional 
cooperation 
on North-East 
Asian power grid 
connectivity
Potential next steps and 
policy recommendations

A
side	from	the	immense	potential	as	a	facilitator	of	sustainable	

development,	regional	power	grid	interconnections	have	

significant	value	as	political	projects,	contributing	to	cordial	

relations	among	the	interconnected	countries	as	well	as	enhancing	

stability	and	security.	Increasing	regional	connectivity	may	prove	to	

be	the	key	instrument	in	fostering	cooperation	between	North-East	

Asian	countries	(Hippel,	2001;	Lee,	2013;	Podkovalnikov,	2011;	van	

de	Graaf	and	Sovacool,	2014;	REI,	2017).	There	have	been	historic	

precedents	that	prove	the	potential	of	cooperation	on	energy	to	

promote	regional	integration,	with	the	European	Union	being	the	

textbook	example.34	Transmission	lines,	in	turn,	represent	major	

economic	links,	create	interdependences	and	contribute	to	good	

relations	between	countries	(Hippel,	2011).

34	 European	Coal	and	Steel	Community	(ECSC),	an	organization	created	after	
World	War	II	to	regulate	the	industrial	production	of	six	European	countries,	
initiated	the	process	of	regional	integration	which,	almost	five	decades	later,	
led	to	the	emergence	of	the	European	Union
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The	 development	 of	 power	 grid	 interconnections	

contributes	to	the	diversification	of	energy	supplies	

for	the	import-dependent	countries.	This,	in	turn,	will	

strengthen	the	overall	stability	of	the	energy	system,	

which	is	traditionally	threatened	by	political	tensions	

in	the	Middle	East	which	is	the	main	supplier	of	oil	and	

LNG	to	North-East	Asia	(Hippel,	2001;	Sevastianov,	

2008;	Liu	et	al.,	2016;	Rafique	et	al.,	2018;	Li	and	Kimura,	

2016;	REI	2017).	Diversification	of	electricity	supplies	is	

becoming	increasingly	relevant,	given	that	electrification	

of	 national	 economies	 is	 set	 high	 on	 the	 political	

agendas	of	North-East	Asian	countries	and	the	fact	that	

electricity	is	on	the	way	of	becoming	the	dominant	type	

of	energy.	Also	sectors	traditionally	dominated	by	fossil	

fuels,	such	as	transport	and	heating,	are	consuming	more	

electricity	year-on-year,	thus	raising	the	importance	of	

electricity	supplies	even	further.

Cross-border	power	interconnections	may	significantly	

improve	the	security	of	power	supply.	For	example,	

an	 interconnection	between	 the	Republic	of	Korea	

and	Japan	could	diminish	the	risk	of	power	shortages	

or	 fallout,	 as	 occurred	 in	 2004	 when	 the	 Mihama	

nuclear	power	plant	was	shut	down	due	to	an	accident	

(Kanagawa	and	Nakata,	2006).	Also,	 in	 view	of	 the	

national	 policies	 directed	 towards	 the	 deployment	

of	 variable	 renewables,	 a	 regional	 interconnection	

enhances	the	grid	stability,	thus	contributing	to	power	

supply	security.

On	the	other	hand,	the	potential	for	North-East	Asia	

regional	 power	 interconnection	 to	 contribute	 to	

peace,	stability	and	security	can	only	be	tapped	if	the	

political	will	 of	 the	 region’s	 countries	 to	 cooperate	

is	 clearly	 proclaimed.	 At	 the	 moment,	 the	 lack	 of	

intergovernmental	cooperation	on	energy	issues	as	well	

as	the	generally	tense	political	situation	in	the	region	

are	universally	perceived	to	be	the	biggest	obstacle	

to	regional	cooperation	on	power	grid	connectivity	in	

North-East	Asia	(Chung	and	Kim,	2007;	Fan	et	al.,	2019;	

Kell,	2018;	Otsuki	et	al.,	2016;	Yilmaz	and	Li,	2018;	Zhan	

et	al.,	2016;	Kim,	2020).	Although	no	 large	military	

conflicts	have	occurred	in	North-East	Asia	since	the	

Korean	War,	historical	sentiments,	territorial	disputes	

and	geopolitical	rivalries	sometimes	involving	extra-

regional	actors	enfeeble	any	attempts	to	commence	

a	high-level	regional	dialogue	on	energy	issues.	The	

high	dependence	of	Japan,	the	Republic	of	Korea	and,	

increasingly,	China	on	energy	imports	is	an	additional	

factor	 that	 contributes	 to	 political	 inertia	 when	 it	

comes	to	cooperation	on	energy	issues.	Given	their	

vulnerability	to	disruptions	in	energy	supplies,	these	

countries	traditionally	perceive	energy	as	a	matter	of	

national	security.

The	following	strategies	and	policy	recommendations	

can	(1)	facilitate	the	development	of	a	transparent	and	

stable	institutional	and	regulatory	framework	(2)	create	

an	environment	of	mutual	trust	and	understanding	and	

(3)	map	a	way	towards	an	interconnected	North-East	

Asia.

A. Policy recommendations for 
North-East Asia power system 
connectivity

A	 draft	 Roadmap	 for	 Power	 System	 Connectivity	

has	been	developed	by	the	ESCAP	Expert	Working	

Group	on	Energy	Connectivity	and	aims	to	eventually	

create	a	pan-Asian	interconnected	grid	that	offers	a	

more	reliable,	affordable	and	sustainable	electricity	

supply.	The	proposed	draft	Roadmap	is	based	on	a	set	

of	nine	reference	strategies	and	aligns	power	system	

connectivity	with	the	Sustainable	Development	Goals,	

especially	the	meeting	of	the	SDG	7	targets	(ESCAP,	

2019).	In	alignment	with	the	nine	proposed	strategies,	

a	proposed	framework	for	power	system	connectivity	

in	North-East	Asia	is	presented	below.

Towards regional cooperation on North-East Asian power grid connectivity

55

Potential next steps and policy recommendations



Strategy 1: 
Building trust and 
political consensus 
on a common vision 
for power grid 
connectivity.

• Start of an inclusive governmental dialogue.
• Negotiating clear principles for long-term cooperation on power grid connectivity.
• Discussions on reframing the notion of regional energy security when it comes to 

power system interconnections.
• Dialogue on “new” security issues.
• Public-private dialogue to ensure fair distribution of benefits.
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Strategy 2: Developing 
a Master Plan for 
regional power grid 
interconnection.

• Creating a business case to kick-off the implementation of the Master Plan.
• Working out the minimum requirements for regional power grid interconnection.
• Including the existing cross-border interconnections and domestic power grids in the 

picture.

Strategy 3: Developing 
and implementing 
Intergovernmental 
Agreements, creating 
a broader institutional 
framework.

• Signing a comprehensive MoU on multilateral cooperation on power grid connectivity.
• Developing a set of agreements, creating a framework for cooperation.
• Creating a formal institution in North-East Asia to support interconnection, including 

enabling technical, policy and political collaboration. 

Strategy 4: 
Coordinating, 
harmonizing and 
institutionalizing 
policy and regulatory 
frameworks.

• Harmonization of regulatory norms and standards for efficient operation of cross-
border interconnections.

• Cooperation on climate regulations and carbon pricing.
• Dialogue and harmonization of environmental standards.

Strategy 5: Moving 
towards multilateral 
power trade and 
creating competitive 
cross-border 
electricity markets. 

• Developing regulations for cross-border power exchange.
• Developing coordinated price-building mechanisms for power exchange.
• Decide on the currency (or currencies) for cross-border power trade.
• In the short term: sets of regulations for separate interconnection projects.
• In the medium term: from harmonized bilateral trade towards a multilateral power 

market.
• In the long term: unbundling and liberalization of energy markets.

Strategy 6: 
Coordinating cross-
border transmission 
planning and system 
operations.

• Including cross-border transmission planning into national energy strategies.
• Coordination of cross-border transmission planning and operation with domestic plans 

and strategies.
• Cooperating on joint emergency response mechanisms.
• Coordination of ancillary services to secure faultless power supply.
• Mechanism for data sharing to enable faultless operation of the regional power 

system.

Strategy 7: Mobilize 
investments in 
cross-border grid 
and generation 
infrastructure.

• A transparent and efficient legal framework for investments in the regional power 
sector.

• Support through FTA agreements (bilateral, trilateral and multilateral – in the 
subregion)

• A study on policies to support financing of the regional power grid interconnection 
(governmental loans, guarantees on investment retursn, subsidies, tax incentives etc.).

Strategy 8: 
Capacity-building. 

• Publishing data in English for better accessibility and using ESCAP as a platform.
• Engage in joint capacity-building programmes.
• Learn from international experience.
• Raise public awareness and engage in dialogue with the affected communities.

Strategy 9: Ensuring 
that energy 
connectivity initiatives 
are compatible with 
the Sustainable 
Development Goals.

• Inclusion of the Paris Agreement and the Sustainable Development Goals in the 
political and institutional framework on power grid connectivity.

• Developing guidelines and methodologies for evaluating the sustainability implications 
of cross-border transmission and generation projects.

Regional Power Grid Connectivity for Sustainable Development in Northeast Asia
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Strategy 1. Building trust and political 
consensus on a common vision for 
power grid connectivity 

All	 studies	 on	 regional	 power	 grid	 interconnection	

that	 mention	 policy	 issues	 agree	 that	 at	 the	 first	

stage	–	no	matter	what	the	design	 is	of	the	region-

wide	interconnection	project	–	the	crucial	aspect	is	

not	economic	factors,	but	rather	the	political	will	and	

the	readiness	of	participating	countries	to	initiate	the	

cooperation	process.	Also,	at	the	later	stages	in	the	

medium	and	long	term,	political	support	will	be	crucial	

to	ensuring	unhampered	and	sustainable	development	

of	the	interconnection	project.

Stakeholders:	 National	 Governments	 and	 relevant	

ministries,	power	sector	industry.

Time	frame:	Short,	medium	and	long	term.

Start of an inclusive governmental dialogue

The	 necessary	 first	 step	 towards	 building	 an	

environment	of	trust	between	the	countries	of	North-

East	Asia	is	a	multilateral	dialogue	in	which	policymakers	

of	the	respective	countries	may	find	common	ground	

for	cooperation	on	power	grid	connectivity.	Whether	

in	the	form	of	informal	meetings	or	official	summits,	

this	dialogue	should	have	continuity	and	provide	all	

North-East	Asian	countries	with	an	equal	opportunity	

to	present	their	interests	and	concerns.

Inclusiveness	of	this	dialogue	is	of	immense	importance.	

One	of	the	issues	to	be	addressed	is	how	to	include	the	

DPRK	in	the	regional	cooperation	process	(Bradbrook,	

2002;	Voropai	et	al.,	2019).	The	challenge	is	twofold,	

since	it	is	related	to	the	political	stance	of	the	DPRK	

Government	as	well	as	to	the	condition	of	the	country’s	

grid,	which	in	its	current	condition	is	not	suitable	to	

become	a	link	in	the	regional	power	interconnection.	

Although	Cha	et	al.	(2008),	van	de	Graaf	and	Sovacool	

(2014)	and	several	other	studies	expressed	concerns	

regarding	the	inclusion	of	the	DPRK	in	the	regional	

interconnection	initiative,	the	prevailing	opinion	is	that	

a	regional	power	interconnection	without	participation	

by	that	country	loses	a	significant	part	of	its	value	(Lee	

et	al.,	2007b;	Kawai,	2013;	Korneev	et	al.,	2018;	Otsuki,	

2017b	etc.).	When	it	comes	to	the	interconnection	for	

the	Russian	 Federation	 and	 the	Republic	 of	Korea,	

the	most	efficient	routes	go	through	the	DPRK.	The	

Korean	Peninsula	is	geographically	predestined	to	play	

the	role	of	a	regional	bridge,	and	an	interconnection	

between	the	DPRK	and	the	Republic	of	Korea	might	

lay	the	foundation	for	a	region-wide	interconnection	

of	the	North-East	Asian	national	power	systems	(Lee	et	

al.,	2004:	1;	Lee	et	al.,	2007a,	b,	c).	An	interconnection	

between	the	DPRK	and	other	countries	in	the	region	

is	also	important	from	the	security	perspective,	as	it	

“integrates”	the	isolated	country	with	the	rest	of	the	

North-East	Asia	and	creates	interdependencies	that	in	

the	long	term	will	help	to	re-introduce	the	DPRK	to	the	

community	of	North-East	Asian	States	in	a	sustainable	

way.

Negotiating clear principles for long-term 
cooperation on power grid connectivity

At	the	very	early	stage	of	intergovernmental	discussions,	

a	 set	 of	 principles	 for	 long-term	 cooperation	 on	

power	grid	connectivity	should	be	developed.	These	

principles	will	need	to	be	formulated	in	a	very	clear	

and	 transparent	 manner,	 thus	 creating	 a	 working	

environment	of	mutual	trust,	where	every	participating	

country	has	confidence	in	the	conduct	of	others.	For	

example,	agreeing	on	the	principle	of	consensus	and	the	

principle	of	gradual	and	orderly	progress	as	the	basic	

norm	for	cooperation	on	power	grid	connectivity	would	

assure	all	North-East	Asian	countries	that	their	voices	

will	be	heard	in	the	multilateral	discussions.

Furthermore,	in	their	cooperation	towards	regional	

power	grid	connectivity,	the	North-East	Asian	States	

are	advised	to	comply	with	the	spirit	and	principles	

of	 the	United	Nations	Charter.	The	 regional	power	

interconnection	 mechanisms	 should	 abide	 by	 the	

following	principles	–	respect	for	mutual	sovereignty,	

mutual	non-interference	in	internal	affairs,	respect	for	

the	right	to	equal	participation	in	security	matters,	and	

respect	for	cultural	diversity	and	self-determination.

Discussions on reframing the notion of regional 
energy security when it comes to power system 
interconnections

The	 North-East	 Asian	 States	 have	 to	 offset	 the	

“traditional”	energy	security	approach	when	it	comes	

to	cooperation	on	power	grid	connectivity	as	well	as	

come	to	an	understanding	that	the	benefits	of	enhancing	

regional	power	grid	connectivity	outweigh,	by	far,	the	

Towards regional cooperation on North-East Asian power grid connectivity
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risks.35	Enhancing	 regional	power	grid	 connectivity	

will	lead	to	further	stabilization	of	the	power	systems,	

reduction	of	regional	carbon	emissions	and	alleviation	of	

air	pollution.	It	will	also	foster	regional	cooperation	and	

economic	development.	The	main	security	risk,	which	is	

perceived	in	the	interdependence	created	by	the	power	

interconnection,	is	questionable	for	two	reasons	–	the	

physical	nature	of	power	trade	and	the	scope	of	cross-

border	power	exchanges	compared	to	national	power	

systems.

As	Ahn	et	al.	(2015)	has	pointed	out,	the	traditional	

energy-related	security	concerns	in	the	region	revolve	

around	the	dependency	of	Japan,	the	Republic	of	Korea	

and	China	on	energy	imports.	These	concerns	and	the	

resulting	national	policies	of	self-sufficiency	appear	to	

be	the	central	reasons	for	caution	when	it	comes	power	

interconnection	projects	(Otsuki	et	al.,	2016;	Ivanov	

and	Oguma,	2002).	The	arguments,	which	might	be	

valid	when	it	comes	to	imports	of	fossil	fuels,	do	not	

necessarily	apply	to	cross-border	and	regional	power	

interconnections.	

Enhancing	regional	power	grid	connectivity	creates	

new	 interdependencies	 between	 the	 countries.	

However,	contrary	to	the	supplies	of	fossil	fuels,	these	

interdependencies	have	a	very	different	balance.	For	

example,	a	country	that	is	dependent	on	oil	imports	

is	in	a	weak	position	since,	should	a	conflict	arise,	but	

the	supplier	can	always	find	another	buyer.36	However,	

trading	electricity	does	not	function	that	way;	the	fixed	

nature	of	power	transmission	infrastructure	means	that	

electricity	supplies	cannot	be	effectively	rerouted	and	

sold	to	another	buyer.	Electricity	as	a	commodity	also	

cannot	be	stockpiled	in	large	quantities	over	longer	

periods	of	time,	and	in	the	case	of	a	conflict	both	the	

importing	and	the	exporting	party	face	high	costs.	This	

physical	trait	underlies	cross-border	power	trade	and	is	

a	major	reason	why	electricity	exports	cannot	effectively	

be	used	as	a	means	of	political	pressure	(Kunstyr	and	

Mano,	2013;	Lee,	2013;	Ivanov	and	Oguma,	2002;	REI	

2017).	

This	argument	 is	even	more	valid	when	it	comes	to	

region-wide	 interconnections	 involving	 massive	

35	 That	is,	the	overall	stability	and	sustainability	of	the	energy	
system	to	the.

36	 This,	at	least,	is	true	for	the	historically	normal	state	of	high	
demand.	The	position	of	the	buyer	has	been	strengthened	after	
the	dramatic	increase	in	supply	due	to	the	United	States’	tight	
oil	revolution	and	even	further	in	the	present	COVID-19	crisis,	
signified	by	low	demand.

investments	 in	 transmission	 and	 new	 generation	

capacities.	 Due	 to	 the	 very	 high	 upfront	 cost,	 the	

interconnection	and	the	generation	capacities	will	have	

to	be	constantly	used	in	order	to	prove	economical	and	

ensure	investment	returns.	Under	such	circumstances,	

a	situation	where	the	power	supply	 is	 intentionally	

cut	for	political	reasons	appears	highly	unlikely.	Yet	

where	a	country	is	given	full	or	partial	control	of	the	

transmission	infrastructure	and	the	energy	resources,	

the	theoretical	risk	of	energy	supplies	being	used	for	

political	gains	will	remain,	however	minimal	in	the	case	

of	power	trade.	This	risk	can	be	minimized	even	further	

if	a	transparent	institutional	framework	is	set	in	place	

and	the	cooperation	between	interconnected	countries	

is	strengthened	by	carefully	formulated	agreements.

Regional	power	interconnections	may	indeed	pose	a	

significant	security	risk	for	one	country	in	North-East	

Asia,	and,	surprisingly	enough,	that	country	is	the	one	

most	 actively	 promoting	 regional	 interconnection	

initiatives.	For	Mongolia,	 international	power	trade	

plays	a	significant	role	in	the	national	electricity	balance	

(Korneev	et	al.,	2018)	and	any	disruptions	in	power	

supply	might	have	serious	economic	repercussions.	

Nevertheless,	Mongolia	has	taken	on	the	role	of	the	

regional	facilitator	of	regional	power	grid	connectivity,	

with	 the	 Mongolian	 Ministry	 of	 Energy	 actively	

participating	in	discussions	on	the	Gobitec	and	Asian	

Super	Grid	initiative.	Governmental	support	for	the	

“North	East	Asia	Super	Grid”	has	been	also	voiced	by	

the	President	of	Mongolia,	who	called	upon	the	urgent	

and	prompt	commencement	of	the	project	during	the	

Eastern	Economic	Forum	in	2018	(Battulga,	2019).

Aside	from	the	fact	that	the	interdependencies	created	

by	 a	 cross-border	 power	 grid	 interconnections	 are	

very	 unlikely	 to	 be	 exploited	 as	 means	 of	 political	

manipulation,	the	scope	of	these	interdependencies	is	

miniscule	compared	to	the	size	of	the	national	power	

markets	in	countries	like	Japan,	the	Republic	of	Korea	or	

China.	According	to	the	estimates	of	Renewable	Energy	

Institute	(2017),	the	power	delivered	to	Japan	after	the	

completion	of	the	Gobitec	+	Asia	Super	Grid	project,	

would	amount	to	no	more	than	2-3	percent	of	Japan’s	

peak	demand.	A	2	GW	cross-border	interconnection	

between	Japan’s	Kyushu	island	and	the	Republic	of	

Korea	would	cover	only	1.1%	of	peak	demand	(REI,	

2019).
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Dialogue on “new” security issues

More	 than	 the	 traditional	 security	 concerns,	 the	

policymakers	should	discuss	and	jointly	address	“new”	

security	issues,	which	arise	regardless	of	whether	the	

national	power	systems	in	the	region	remain	isolated	

from	each	other	or	become	interconnected.	As	IRENA	

(2019)	has	pointed	out,	among	the	“new	threats”	to	

energy	 security	 are	 potential	 geopolitical	 conflicts	

caused	by	the	procurement	of	rare	earths	and	metals	

as	well	as	the	growing	vulnerability	of	the	power	systems	

increasingly	supported	by	information	technologies	to	

cyberattacks.	Cyberattacks	including	false	data	injection	

can	affect	state	estimating	process	or	power	market	

operations	by	manipulating	the	nodal	price.	Similarly,	

denial	of	service	(DoS)	attacks	in	the	cyber	layer	of	smart	

grids	can	affect	the	dynamic	performance	of	physical	

power	system	(Han	et	al.,	2019).

Public-private dialogue to ensure fair distribution 
of benefits

A	 dialogue	 between	 the	 representatives	 of	

governmental	bodies	and	the	relevant	stakeholders	

from	the	private	sector	is	imperative	in	order	to	ensure	

that	all	the	stakeholders	involved	in	the	development	of	

the	regional	power	grid	interconnection,	or	affected	by	

it,	may	secure	their	fair	share	of	benefits.	Of	particular	

importance	is	taking	the	domestic	power	industry	of	

the	net	importing	countries	on	board.	The	effects	of	

the	 regional	 power	 grid	 interconnection	 should	 be	

discussed	in	an	open	and	transparent	way,	and	solutions	

developed	in	order	to	ensure	that	the	power	companies	

do	not	feel	threatened	by	the	potential	competition	and	

offer	their	support	to	the	regional	efforts	on	power	grid	

connectivity.

Strategy 2. Developing a Master 
Plan for regional power grid 
interconnection

Stakeholders:	 National	 Governments	 and	 relevant	

ministries,	research	institutions/scientific	community,	

power	sector	industry

Time	frame:	Short	to	medium	term.

While	agreement	on	the	basic	principles	for	cooperation	

is	a	prerequisite	for	a	constructive	intergovernmental	

dialogue,	a	detailed	Master	Plan	on	regional	power	grid	

interconnection	should	be	developed.	This	Master	Plan	

would	include	existing	and	planned	projects,	and	ideally	

potential	projects	based	on	modelling	that	optimizes	

around	economic	and	sustainability	criteria.	It	should	

also	include	an	overview	of	the	stakeholders	involved	in	

each	area	and	stage	of	cooperation,	accurate	estimates	

of	the	costs	and	required	resources	as	well	as	a	clearly	

stated	time	frame.	This	Master	Plan	would	need	to	be	

developed	in	close	cooperation	with	the	transmission	

system	operators,	the	relevant	utility	companies	as	well	

as	with	the	leading	research	institutions	of	the	North-

East	Asian	countries,	such	as	EPPEI,	KEEI,	the	Melentiev	

Institute,	IEEJ,	MEEI,	GEIDCO,	the	Renewable	Energy	

Institute,	and	others.	Consultation	with	international	

institutions	with	relevant	experience	(e.g.,	the	World	

Bank)	and	organizations	involved	in	the	development	

of	similar	projects	in	other	regions	(e.g.,	the	European	

Union,	 the	 Eurasian	 Economic	 Union,	MERCOSUR	

among	ohers)	is	recommended.

Creating a business case to kick-off the 
implementation of the Masterplan

Developing	a	regional	power	grid	interconnection	is	a	

large-scale	and	multidimensional	endeavour.	In	order	to	

facilitate	the	necessary	first	practical	step	towards	the	

implementation,	and	to	demonstrate	the	profitability	

of	the	project,	a	business	case	of	a	smaller	scale	(e.g.,	

one	section	of	the	regional	interconnection)	should	be	

developed	and	implemented	within	a	clear	time	frame.	

Among	the	ongoing	initiatives,	the	China-Republic	of	

Korea	interconnection	currently	under-negotiation	has	

a	fair	chance	of	becoming	such	a	business	case.

Working out the minimum requirements for 
regional power grid interconnection.

Looking	beyond	a	specific	business	case,	the	Masterplan	

for	regional	power	grid	interconnection	should	outline	

the	 minimum	 requirements	 to	 be	 met,	 in	 order	 to	

enable	cross-border	power	trade	on	the	regional	scale.	

These	 include	 political	 requirements,	 such	 as:	 the	

necessary	intergovernmental	agreements;	institutional	

requirements,	such	as	the	necessity	for	new	cooperation	

forums	 and	 regulatory	 institutions;	 and	 technical	

requirements,	such	as	grid	codes,	agreements	on	data	

and	information	sharing,	dispute	resolution	mechanism	

etc.	(IEA,	2019f).	The	experience	of	the	existing	and	

currently	developing	regional	interconnection	projects	

shows	 that	 the	necessary	preconditions	 to	kick-off	

cross-border	 power	 trade	 are,	 although	numerous,	
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do	not	require	a	radical	change	in	countries’	national	

power	systems,	energy	policy,	or	relevant	regulatory	

apparatus.	Therefore,	clear	definition	of	these	minimum	

requirements	would	make	 it	 easier	 for	 North-East	

Asia	to	make	the	necessary	first	step	and	facilitate	the	

implementation	of	the	initial	stage	of	regional	power	

grid	connectivity.

Including the existing cross-border 
interconnections and domestic power grids in 
the picture

Although	not	many	cross-border	interconnections	are	

already	in	place	between	some	of	North-East	Asian	

countries,	estimating	their	potential	and	future	role	

in	an	interconnected	North-East	Asia	is	advisable.	If	

estimated	as	relevant	for	the	regional	project,	these	

interconnections	could	provide	a	first	basic	element	

in	 terms	 of	 transmission	 capacities	 and	 regulatory	

arrangements.

Inclusion	of	the	domestic	power	grid	integration	plans	

and	efforts	in	the	Master	Plan	on	regional	power	grid	

connectivity	is	also	recommended.	Taking	stability	and	

capacity	of	the	domestic	power	grids	into	account	can	

provide	valuable	insights	for	the	optimal	development	

pace	and	design	of	regional	power	grid	integration.

Strategy 3. Developing and 
implementing Intergovernmental 
Agreements, creating a broader 
institutional framework

The	institutional	framework	for	regional	cooperation	

in	the	Asia-Pacific	region	is	composed	of	many	regional	

and	subregional	institutions	that	are	partly	overlapping,	

operating	at	varying	speeds	and	addressing	different	

sets	of	issues.	Most	institutional	arrangements	in	the	

region	are	informal,	with	ASEAN	(South-East	Asia)	and	

SAARC	(South	Asia)	being	the	only	formal	frameworks.	

Institutionally,	 China,	 Japan	 and	 the	 Republic	 of	

Korea	are	involved	in	the	ASEAN+3	forums,	both	on	

governmental	and	track	two	levels	(Aalto,	2014).	ASEAN	

+	3	has	proven	to	be	an	effective	mechanism	for	energy	

cooperation	among	these	three	major	energy	consumers	

of	North-East	Asia	–	at	least	when	it	comes	to	fossil	fuel	

resources	(e.g.,	oil	stockpiling	issue)	(Fallon,	2006),	but	

the	major	share	of	energy	diplomacy	 in	North-East	

Asia	remains	bilateral.	Among	the	existing	bilateral	

arrangements	are:

•	 ERINA’s	Japan-Russian	Energy	and	Environmental	

Dialogue,	focusing	on	Sakhalin	oil	and	gas	projects,	

Vladivostok	LNG	and	Magadan	II	and	III;

•	 China-Japan	annual	Energy	Conservation	Forum,	

accompanied	by	high-level	and	Track	2	meetings;

•	 An	 agreement,	 signed	 in	 2007	 between	 China	

and	Japan	on	the	promotion	of	cooperation	in	the	

field	of	environment	and	energy,	mainly	through	

dissemination	of	Japanese	technology	(among	others,	

clean	coal	technology,	gas	cogeneration,	operation	

of	 nuclear	 plants	 and	 high-voltage	 transmission	

technology)on	 a	 business	 basis	 as	 well	 as	 the	

provision	of	training	for	10,000	people	in	Japan	for	

three	years	(Gavin	and	Lee,	2008);

•	 China-Russian	energy	dialogue;

•	 Energy	dialogue	between	the	Russian	Federation	and	

the	Republic	of	Korea,	focusing	on	the	gas	pipeline	

project	through	the	DPRK	as	well	as	on	exports	of	

Russian	LNG	to	the	Korean	market;

•	 The	DPRK-Russian	Federation	Intergovernmental	

Commission,	 working	 on,	 among	 other	 issues,	

security-dominated	topics	of	the	gas	pipeline	project	

through	the	Democratic	People’s	Republic	of	Korea;

•	 The	 Mongolia-Russian	 Federation	 energy	

cooperation	agreement	signed	in	2019;

•	 Memorandum	 of	 Understanding	 between	 the	

Government	of	Mongolia	and	Russia’s	Gazprom	

to	build	 a	natural	 gas	pipeline	 from	 the	Russian	

Federation	to	China	through	Mongolia,	signed	in	

December	2019.

The	annual	trilateral	summit	between	China,	Japan	and	

the	Republic	of	Korea	is	one	of	the	few	existing	non-

bilateral	mechanisms	in	the	region.	The	issues	addressed	

during	the	summit	and	at	the	accompanying	meetings	

between	governmental	and	business	representatives	

include	but	are	not	limited	to	energy.	

Another	cooperation	forum	worth	mentioning	is	the	

Greater	Tumen	Initiative,	established	in	1995	by	China,	
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the	DPRK,37	Mongolia,	the	Russian	Federation	and	the	

Republic	of	Korea,	and	originally	aimed	at	promoting	

regional	cooperation	on	the	development	of	the	area	

around	the	Tumen	river,	running	through	the	DPRK,	

China	and	the	Russian	Federation	(GTI,	2020).	The	focus	

of	cooperation	has	expanded	over	the	past	decades	

and	now	includes	the	whole	NEA	subregion;	it	covers	

several	issue	areas,	energy	infrastructure	being	one	of	

them.	Several	subregional	energy	infrastructure	models	

have	been	conceptualized	within	the	GTI,	one	being	

the	NEA	Regional	Electrical	System	Ties	(NEAREST).	A	

lack	of	an	institutionalized	cooperation	framework	and	

governmental	support	has,	however,	hindered	further	

(practical)	implementation	of	any	of	these	initiatives	

(GTI,	2013).

When	it	comes	specifically	to	cooperation	on	issues	

related	 to	 power	 system	 integration,	 regional	

institutional	 arrangements	 in	 North-East	 Asia	 are	

practically	absent.	To	date,	ESCAP	is	probably	the	only	

multilateral	 platform	where	 issues	 of	 cross-border	

power	connectivity	in	NEA	have	been	addressed	for	

almost	two	decades	now.	In	2001,	ESCAP	established	

the	 North-East	 Asian	 Expert	 Group	 Meeting	 on	

Intercountry	Cooperation	 in	 Electric	Power	 Sector	

Development	(ESCAP,	2001;	Bradbrook,	2002).	In	2003,	

the	first	Senior	Officials	Meeting	on	Energy	Cooperation	

in	North-East	Asia	was	organized	by	ESCAP,	and	is	set	

to	reconvene	periodically	with	a	view	to	developing	a	

common	vision	towards	regional	cooperation	(ESCAP,	

2003).	Finally,	beginning	in	2016,	the	annual	North-

East	 Asia	 Power	 Interconnection	 and	 Cooperation	

(NEARPIC)	 Forum,	 has	 been	 organized	 jointly	 by	

ESCAP,	the	China	Electricity	Council	(CEC),	Ministry	of	

Energy	of	Mongolia,	ADB	and	the	Ministry	of	Foreign	

Affairs	of	the	Republic	of	Korea.	The	Forum	serves	as	

a	multilateral	platform	for	North-East	Asian	countries	

to	share	experiences,	knowledge	and	expertise,	and	to	

forge	strategic	intergovernmental	energy	partnerships	

as	well	as	promote	regional	power	interconnection	and	

advancement	of	the	SDGs	in	the	subregion	(ESCAP,	

2018).	Being	the	only	multilateral	platform	in	North-

East	Asia	that	focuses	specifically	on	issues	of	power	

grid	interconnection,	NEARPIC	has	the	potential	for	

building	the	core	of	the	future	institutional	framework	

in	the	region.

37	 DPRK	left	the	GTI	in	2009.	Re-engagement	of	the	DPRK	as	well	
as	encouraging	participation	of	Japan	remain	among	the	central	
priorities	of	the	Initiative.

Stakeholders:	 National	 Governments	 and	 relevant	

ministries,	ESCAP.

Time	frame:	Short,	medium	and	long	term.

Signing a comprehensive Memorandum of 
Understanding on multilateral cooperation in 
power grid connectivity

Profiting	from	NEARPIC	(and	more	generally	ESCAP)	as	

the	multilateral	platform	for	discussions,	the	member	

States	should	jointly	develop	and	sign	a	Memorandum	

of	Understanding	(MoU)	on	multilateral	cooperation	

in	power	grid	connectivity.	The	MoU	is	the	necessary	

first	step	in	order	to	initiate	the	development	of	further	

arrangements.	The	readiness	to	move	from	a	bilateral	to	

multilateral	approach	towards	cooperation	in	power	grid	

connectivity	should	be	the	core	message	of	the	MoU,	

agreed	by	all	involved	parties.

The	existing	MoU	between	the	SoftBank	Group,	State	

Grid	 Corporation	 of	 China	 (SGCC),	 Korea	 Electric	

Power	 Corporation	 (KEPCO),	 and	 operator	 of	 the	

Russian	 Federation’s	 energy	 grid	 PJSC	 ROSSETI	

(ROSSETI)	on	joint	research	and	planning	to	promote	

an	interconnected	electric	power	grid	in	North-East	

Asia	is	an	important	agreement.	This	because	it	signifies	

the	general	readiness	of	the	region	to	move	towards	

closer	cooperation	on	power	grid	connectivity.	The	

MoU	needed	to	kick-off	region-wide	cooperation	can	

build	on	 this	 agreement;	 however,	 it	 should	have	 a	

much	wider	scope,	going	beyond	a	scientific	exercise,	

and	be	concluded	on	a	high	political	level,	signifying	the	

principal	readiness	of	all	North-East	Asian	countries	

to	cooperate	on	this	regional	project.	At	a	minimum,	

the	signatories	should	include	the	Governments	and	

transmission	systems	of	the	respective	countries.

Developing a set of agreements, creating a 
framework for cooperation

Based	on	the	MoU,	the	Member	States	should	proceed	

to	 drafting	 a	 set	 of	 agreements	 in	 order	 to	 create	

the	 backbone	 for	 regional	 cooperation	 on	 power	

grid	 interconnection.	 These	 agreements	 should	

include	arrangements	on	the	form	and	functions	of	

the	 institutions	 steering	 regional	 cooperation,	 the	

stakeholders	involved	in	the	steering	process	from	each	

side	and	the	time	frame	within	which	these	institutions	

are	to	be	established.
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Creating a formal North-East Asian 
interconnection body

Although	the	institutional	framework	on	power	grid	

connectivity	will	have	to	include	different	mechanisms	

for	such	issues	as	cross-border	power	trade,	security	

issues,	harmonization	efforts,	coordination	of	operations	

etc.,	an	overseeing	(steering)	body	could	be	established	

in	order	to	guide	further	process	of	institution	building.	

It	 is	 advised	 to	 consider	 establishing	 the	 Interim	

Secretariat	–	as	proposed	by	the	NAPSI	Framework	–	

which	would	act	as	a	multilateral	body	that	would:	(a)	

draft	proposals	and	updates	for	the	strategic	priorities	

for	 power	 grid	 interconnection	 development;	 (b)	

facilitate	and	organize	international	cooperation	to	

mobilize	 knowledge	 and	 expert	 resources	 for	 the	

promotion	of	regional	power	grid	interconnection;	(c)	

initiate	negotiations	to	promote	investments	in	cross-

border	transmission	lines	and	generation	facilities,	and	

help	to	conclude	associated	agreements	for	trading	with	

electricity	and	grid	services;	(d)	coordinate	the	bilateral	

interconnection	plans,	ensuring	that	the	multilateral	

spirit	of	power	grid	interconnection	is	reflected	in	these	

arrangements;	and	(e)	develop	recommendations	of	its	

own	and	recommendations	supplementary	to	measures	

imposed	 by	 member	 countries	 and	 international	

organizations.

This	steering	body	does	not	necessarily	need	to	have	a	

fixed	structure,	which	might	not	be	necessary	or	even	

superfluous	at	the	early	stage	of	interstate	cooperation.	

Rather,	it	should	provide	a	platform	for	Working	Groups,	

made	up	of	representatives	of	the	relevant	ministries	

and	 experts	 from	 private	 sector	 and	 academia,	 to	

conduct	 discussions	 on	 their	 respective	 issues.	 It	

is	 advisable	 to	 first	 set	 up	Working	Groups	 on	 the	

technical	and	regulatory	issues.	Cooperation	on	these,	

traditionally	less	politicized,	issues	is	easier	to	initiate	in	

North-East	Asia,	where	political	tensions	have	been	the	

major	obstacle	to	regional	institutionalization.	In	turn,	

once	technical	and	regulatory	dialogue	is	established,	

it	will	pave	the	way	to	institutionalization	on	“higher”	

levels.

Ensuring the centrality of the Paris Agreement 
and the Sustainable Development Agenda for the 
political and institutional framework on power 
grid connectivity

In	 order	 to	 ensure	 that	 power	 grid	 connectivity	 in	

North-East	Asia	is	inherently	interconnected	with	the	

issue	of	sustainable	development,	it	is	imperative	that	

the	regulations	of	the	Paris	Agreement	as	well	as	the	

SDGs	relevant	to	the	region	are	included	in	the	core	

multilateral	arrangements.

Strategy 4. Coordinating, harmonizing 
and institutionalizing policy and 
regulatory frameworks

A	regional	power	 system	can	only	be	as	 successful	

as	 its	 weakest	 link.	 For	 such	 a	 system	 to	 function	

seamlessly,	it	will	need	to	have	a	functioning	set	of	rules	

and	regulations.	Good	governance	on	infrastructure	

requires	sound	financial	and	legal	systems,	the	systemic	

protection	of	rights,	and	the	support	of	strong	regulatory	

bodies	to	provide	oversight	and	to	monitor	and	enforce	

rules	 (Bhattacharay,	 2012;	 Yun,	 2004;	 Kim,	 2020).	

Given	that	the	regulatory	frameworks	that	underlie	

the	national	power	systems	in	North-East	Asia	are	not	

uniform,	major	coordination	and	harmonization	efforts	

are	required	from	the	relevant	bodies.

Stakeholders:	 Relevant	 ministries,	 power	 system	

operation	companies,	TSOs.

Time	frame:	Short,	middle	and	long	term.

Harmonization of regulatory norms and 
standards for efficient operation of cross-border 
interconnections

On	 the	 technical	 side,	 harmonizing	 technology	

standards,	grid	codes	and	other	related	regulations	

would	 greatly	 facilitate	 the	 development	 of	

interconnections	 (IEC,	 2016).	 Cooperation	 with	

international	standard-setting	organizations	such	as	

the	ISO,	IEC	and	IEEE	will	help	to	advance	the	process	

of	the	standardization	(Rafique	et	al.,	2018).

A	 novel	 management	 scheme	 will	 be	 necessary	 to	

enable	the	integration	of	renewable	energy	sources	

into	cross-border	interconnections	without	causing	

deterioration	of	the	power	quality	and	compromising	

stability	of	the	grid	(IEC,	2016).	Furthermore,	in	the	long	

term,	a	multilateral	institution	should	be	established	

that	develops	common	regulations	and	standards	for	

the	operation	of	North-East	Asian	transmission	links	

and	which	takes	on	the	function	of	a	monitoring	and	

coordinating	 body	 afterwards	 (Hippel	 et	 al.,	 2011;	

Churkin	et	al.,	2019;	Lee	et	al.,	2011).	Here,	the	North-
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East	 Asian	 countries	 can	 learn	 from	 experience	 of	

the	ASEAN	countries,	which	established	the	Heads	

of	ASEAN	Power	Utilities/Authorities	(HAPUA)	back	

in	1981	to	perform	these	functions.	As	in	the	case	of	

ASEAN	and	other	regional	integration	initiatives,	the	

state-owned	transmission	operation	companies	will	play	

a	central	role	in	advancing	the	regional	harmonization	

efforts.

As	one	of	the	first	steps	towards	a	regional	regulatory	

framework	and	a	harmonized	environment	for	cross-

border	power	exchange,	it	is	advisable	to	take	a	look	

at	the	regulatory	norms	and	standards	of	the	existing	

cross-border	 interconnections	 in	 North-East	 Asia.	

It	 should	be	considered	whether	and	how	they	can	

be	 adapted	 or	 enhanced	 to	 provide	 the	 necessary	

regulatory	 framework	 for	 regional	 power	 grid	

integration.

Cooperation on climate regulations and carbon 
pricing

Coordinated	climate	policies	and	emission	reductions	

mechanisms	will	 increase	 the	 attractiveness	of	 the	

regional	grid	interconnection	and	provide	an	additional	

impetus	 for	 investments	 in	 the	 regional	 renewable	

sector.	Regional	cooperation	could	include	coordination	

on	RE	targets	and	support	schemes,	and	on	carbon	

pricing	mechanisms.	It	should	also	include	the	possible	

establishment	of	the	regional	carbon	market	and	the	

conclusion	of	regional	emissions	reductions	agreements,	

which	is	an	important	area	of	the	regulatory	cooperation	

(Otsuki,	2015;	Kanagawa	and	Nakata,	2006;	Wang	et	al.,	

2018;	Otsuki,	2017a).	In	order	to	kick	off	a	regulatory	

framework	 for	 cooperation	 on	 carbon	 policies,	 the	

establishment	 of	 a	 working	 mechanism	 with	 the	

UNFCCC	is	advisable.

Dialogue and harmonization of environmental 
standards

Environmental	 standards	 for	 the	 construction	 and	

operation	of	the	power	transmission	 infrastructure	

vary	 among	 the	North-East	Asian	 countries.	 These	

differences	can	hinder	the	drafting	of	a	mutually-agreed	

power	interconnection	plan	and	therefore	need	to	be	

discussed	and	coordinated.	

Given	that	environmental	issues	are	one	of	the	most	

advanced	areas	of	cooperation	in	North-East	Asia,	it	will	

be	very	helpful	to	access	the	experience	of	the	existing	

bilateral	 and	 regional	 dialogues	 on	 environmental	

cooperation,	 in	 order	 to	 facilitate	 the	 coordination	

process.	

Strategy 5. Moving towards 
multilateral power trade and creating 
competitive cross-border electricity 
markets 

Stakeholders:	Power	trading	companies,	TSOs,	power	

generation	facilities,	regulatory	bodies.

Time	frame:	Medium	to	long	term.

As	demonstrated	in	chapter	II	of	this	report,	national	

power	markets	in	North-East	Asia	are	in	different	phases	

of	liberalization	on	the	scale	between	regulated	and	fully	

liberalized	markets.	Establishment	of	a	fully	integrated	

regional	power	market	is,	therefore,	a	long-term	task.	

In	the	medium	term,	regulations	and	mechanisms	will	

need	to	be	developed	that	create	a	level	playing	field	for	

the	market	participants	from	respective	national	power	

markets	to	take	part	in	cross-border	power	exchange.

Developing regulations for cross-border power 
exchange

Until	now,	electricity	trade	in	North-East	Asia	has	been	

conducted	via	over-the-counter	type	of	arrangements	

where	 two	 parties	 trade	 privately	 according	 to	

regulations	that	have	been	established	on	the	case-

by-case	 basis.	 Yet,	 as	 the	 development	 of	 regional	

power	grid	interconnections	takes	place,	it	becomes	

necessary	to	enable	foreign	generation,	transmission	

and	distribution	companies	to	have	non-discriminatory	

access	 to	 the	 power	 markets	 of	 North-East	 Asian	

countries.	 Conditions	 for	 their	 participation	 in	 the	

national	power	exchange	platforms	will	need	 to	be	

clearly	stated,	and	tariffs	on	electricity	imports	clearly	

defined.	

Rules	of	access	to	the	national	power	markets	as	well	as	

the	tariffs	on	the	export	and	import	of	electricity	have	

to	be	formulated	and	coordinated	among	countries.	

The	 diversity	 of	 market	 systems	 and	 structures	 in	

North-East	 Asia	 calls	 for	 a	multilateral	mechanism	

for	regional	energy	cooperation	in	the	region	(Jin	et	

al.,	2019;	Yamaguchi	et	al.,	2018).	In	the	search	for	a	

suitable	design,	 it	might	be	advisable	 to	 learn	 from	

international	experience	on	designing	multilateral	power	

Towards regional cooperation on North-East Asian power grid connectivity

63

Potential next steps and policy recommendations



markets.	Creating	an	integrated	power	market	similar	

to	the	European	Union	might	prove	challenging,	as	it	

requires	all	participating	countries	to	proceed	with	the	

unbundling	of	their	national	power	markets;	this	process	

is	currently	at	very	different	stages	in	the	North-East	

Asian	countries.	It	is	either	possible	to	establishing	a	

common	exchange	platform,	similar	to	the	NORD	POOL,	

or	to	enable	power	trading	on	the	national	exchange	

platforms.	The	latter	option	appears	to	be	the	most	

feasible	one	in	the	early	stage	of	regulatory	cooperation,	

as	it	does	not	require	major	adjustments	of	the	national	

markets.	Here,	the	Russian	Federation	could	share	its	

experience	in	cooperating	on	a	joint	power	market	in	

the	Eurasian	Economic	Union,	which	was	designed	while	

taking	the	differences	of	the	national	power	markets	

into	account.

It	is	also	imperative	to	clearly	set	the	tariffs	on	electricity	

imports	and	export,	on	power	transit	as	well	as	on	the	

charges	related	to	injection	of	exported	power	into	the	

grid	in	the	respective	countries	(Korneev	et	al.,	2018).	

Specifying	 the	 tariffs	 is	 particularly	 important	 for	

Japan	and	the	Republic	of	Korea	which,	due	to	a	lack	

of	experience	in	power	imports	and	exports,	do	not	

list	electricity	in	their	Customs	Tariff	Acts.	Even	if	the	

customs	tariff	is	to	be	zero,	it	will	have	to	be	specified	

for	cross-border	power	trade	to	take	place	(REI,	2017).

Developing coordinated price-building 
mechanisms for power exchange

Existing	contracts	for	cross-border	electricity	trade	in	

North-East	Asia	are	negotiated	every	year	with	a	fixed	

price.	Such	contracts	do	not	include	short-	and	long-term	

price	formulae	to	adapt	to	market	conditions	and	are	

therefore	not	suitable	for	regulating	power	trade	in	a	

regional	power	system.	The	inflexibility	of	the	contracts	

has	already	led	to	controversie	such	as,	for	example,	

during	the	suspension	of	cross-border	power	trade	

between	the	Russian	Federation	and	China	in	2007.	It	

will	become	even	more	of	a	challenge	in	a	flexible	power	

system	that	accommodates	large	amounts	of	variable	

renewable	generation	(Hippel	et	al.,	2011).

Therefore,	agreements	on	a	transparent	and	stable	

system	of	power	pricing	are	necessary	(Xuegong	et	

al.,	2013;	Korneev	et	al.,	2018).	However,	given	the	

differences	 in	 price-building	 mechanisms	 among	

North-East	Asian	countries,	achieving	an	agreement	on	

regionally	applicable	pricing	mechanisms	will	be	a	long-

term	task.	In	the	medium	-term,	the	price	for	electricity	

traded	through	new	interconnections	might	have	to	be	

established	between	the	respective	power	generation	

and	sales	companies.

Decide on the currency (or currencies) for cross-
border power trade

As	soon	as	cross-border	power	exchange	begins	to	take	

place	on	multilateral	exchange	platforms,	the	issue	of	

the	currency	to	be	used	in	transactions	will	arise.	The	

following	 solutions	 (or	 their	 combinations)	may	 be	

recommended	for	regional	power	trade	–	payment	in	

hard	currency,	with	the	most	probable	choice	being	

the	Japanese	Yen,	as	it	is	the	only	freely	convertible	

currency	in	the	region	o,r	alternatively,	payment	may	

be	issued	in	national	currencies	or	in	a	barter	form	of	

payment	where,	in	exchange	for	electricity,	goods	and	

services	are	provided.	While	the	last	two	solutions	may	

be	acceptable	to	more	participating	countries	than	the	

first	solution,	they	would	complicate	the	procedure	of	

mutual	payments.

In the short term – sets of regulations for 
separate interconnection projects, moving 
towards a harmonized bilateral trading

The	development	of	a	comprehensive	regulatory	base	

for	a	regional	power	system	is	a	long-term	endeavour,	

requiring	 a	 certain	 institutionalization	 level	 of	 the	

regional	cooperation	on	energy	issues.	In	the	short	term,	

countries	are	advised	to	develop	sets	of	regulations	for	

the	interconnection	projects	on	a	case-by-case	basis	

(Hippel	et	al.,	2011).	Such	regulatory	arrangements	

would	require	less	effort	to	negotiate	and	would	set	

precedents	that	could	serve	as	a	basis	for	the	regional	

regulatory	regime.	

Using	a	set	of	standardized	templates	for	the	conclusion	

of	the	bilateral	trading	agreements	together	with	a	

standardized	methodology	for	calculating	the	price	of	

transmission	(wheeling	charge)	in	each	interconnection	

project,	 will	 form	 a	 basis	 for	 the	 development	 of	

harmonized	multilateral	trading	(IEA	2019f).

In the medium term – from harmonized bilateral 
trade towards a multilateral power market

Building	 on	 the	 bilateral	 trade	 ties,	 in	 the	medium	

term	tghe	North-East	Asia	region	can	move	towards	a	

regional	power	market	that	enables	multilateral	trade	

and	exists	parallel	to	the	national	markets.	This	model	is	
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used	by	several	regions,	including	South	Africa	(SAPP),	

Central	America	(SIEPAC)	and	Central	Asia	(the	planned	

common	 power	 market	 of	 the	 Eurasian	 Economic	

Union),	where	countries	can	trade	power	with	each	

other,	regardless	of	whether	they	share	a	border,	in	a	

harmonized	environment	that	does	not	interfere	with	

the	countries’	national	markets.	Aside	from	a	certain	

level	of	harmonization,	establishing	the	regional	bodies	

responsible	for	coordination	and	operation	of	the	power	

trade	is	a	key	to	the	development	of	a	multilateral	power	

market.

In the long term – towards a fully integrated 
regional power market through further 
harmonization, unbundling and liberalization of 
energy markets

In	order	to	tap	the	full	economic	potential	of	a	regional	

power	interconnection,	in	the	long	term	North-East	

Asian	countries	should	ideally	develop	competitive	and	

transparent	markets	with	minimum	price	distortions	

(Ivanov	 and	 Oguma,	 2002).	 This	 necessitates	 the	

unbundling	of	the	generation	transmission,	distribution	

segments	of	the	power,	abolishing	subsidies	for	fossil	

generation	sources	as	well	as	the	deregulation	of	the	

power	price-setting.	Although	necessary	in	the	long	

term,	this	task	cannot	be	achieved	in	the	foreseeable	

future	in	view	of	the	specific	conditions	of	North-East	

Asian	economies.	While	unbundling	is	well	underway	in	

Japan	and	has	been	partially	completed	in	the	Russian	

Federation,	it	is	currently	out	of	the	question	in	the	

DPRK.	Liberalization	of	the	power	prices	will	prove	

to	be	particularly	difficult	in	the	Russian	Far	East	(and	

practically	impossible	in	the	isolated	areas).	Creating	a	

fully	integrated	regional	power	market	is	nevertheless	

a	worthy	goal	in	the	long	term	and	should	be	

Strategy 6. Coordinating cross-border 
transmission planning and system 
operation

Realizing	 power	 exchange	 on	 a	 regional	 scale	 is	 a	

challenging	endeavour	that	requires	comprehensive	

coordination	efforts	on	the	part	of	national	power	grid	

operation	and	transmission	companies.	Particularly	in	

an	interconnected	power	system	with	a	growing	share	

of	variable	renewable	power	generation,	mechanisms	

enabling	flexibility	of	the	power	system,	its	seamless	

operation	 and	 efficient	 coordination	 between	 the	

respective	national	bodies	should	be	established.

Stakeholders:	 National	 TSOs,	 power	 generation	

companies,	relevant	ministries.	

Time	frame:	Medium	and	long	term.

Inclusion of cross-border transmission planning 
into national energy strategies

At	the	governmental	level,	the	planning	of	cross-border	

power	interconnections	should	become	part	of	national	

energy	strategies.	To	date,	the	Republic	of	Korea	 is	

the	only	North-East	Asian	country	that	has	included	

a	 section	 on	 “Overcoming	 Independent	 System’s	

Limitations	through	Super	Grid	 in	North-East	Asia”	

in	its	Basic	Plan	for	Long-term	Electricity	Supply	and	

Demand	(2017-2031).	The	inclusion	of	cross-border	

interconnection	planning	 in	national	strategies	and	

policy	agendas	will	facilitate	interstate	dialogue	and	

enable	joint	planning.

Coordination of cross-border transmission 
planning and operation with domestic plans and 
strategies

Cross-border	transmission	lines	should	be	planned	in	

a	way	that	does	not	interfere	with,	but	supports	the	

functioning	of	domestic	power	networks,	and	does	

not	contravene	the	national	strategies	in	the	power	

sector.	For	that,	stakeholders	involved	in	planning	of	

the	former	should	consult	national	Governments	and	

receive	relevant	updates	concerning	domestic	power	

network	design.	

As	the	scope	and	capacity	of	the	domestic	power	grids	

varies	strongly	between	the	North-East	Asian	countries,	

the	development	of	a	backbone	power	grid	that	feeds	

into,	 but	 is	managed	 separately	 from	 the	 domestic	

power	grids	appears	logical.	Cross-border	links	that	

interconnect	domestic	power	grids,	which	are	then	

utilized	for	transmission	and	distribution,	could	be	an	

option	for	North-East	Asian	countries	with	a	strong	

domestic	power	grid,	e.g.,	China,	Japan	and	the	Republic	

of	Korea.	Additional	analysis	of	technical	and	economic	

feasibility	of	both	(or	a	mix)	of	these	models	is	necessary.

Cooperating on joint emergency response 
mechanisms

In	an	interconnected	system,	regional	cooperation	on	

joint	emergency	response	mechanisms	would	further	

diminish	the	risk	of	supply	disruptions	and	create	a	
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secure	environment	for	the	operation	of	cross-border	

interconnections.	National	TSOs,	in	close	collaboration	

with	 the	 relevant	 power	 generation	 facilities	 and	

national	 regulatory	authorities,	 should	develop	 the	

means	 to	maintain	power	 system(s)	 stability	 in	 the	

region	 in	 case	of	 an	emergency.	This	might	 include	

emergency	and	support	mechanisms	in	case	of	fall-outs	

due	to	natural	disasters,	cooperation	on	emergency	and	

strategic	fuel	storage	and	diversification	of	power	flows	

etc.	(Bogdanov	and	Breyer,	2016;	REI,	2019).	As	a	result,	

each	service	area	should	be	prepared	for	cross-boundary	

transmission	 interruptions	 to	 ensure	 the	 system’s	

reliability	and	to	mitigate	security	concerns	between	

the	stakeholders.	Creating	a	secure	environment	for	

the	operation	of	the	cross-border	interconnections	is	

of	a	particular	importance	for	North-East	Asia,	which	is	

particularly	susceptible	to	natural	disasters,	among	them	

earthquakes,	tsunamis,	typhoons,	floods	and	landslides.

Together	with	the	regional	cooperation,	national	efforts	

are	required	in	order	to	foster	further	integration	of	

the	national	grids	and	thereby	strengthen	the	national	

emergency	response	capability.

Coordination of ancillary services to secure 
faultless power supply

Ancillary	services,	such	as	scheduling	and	dispatch,	

reactive	power	and	voltage	control,	loss	compensation	

etc.,	 play	 a	 central	 role	 in	 securing	 faultless	 power	

transmission.	Generation	facilities	involved	in	cross-

border	 interconnections	 should	 coordinate	 their	

provision	of	ancillary	services	across	the	interconnected	

region.	This	will	become	increasingly	important	with	

further	deployment	of	variable	renewable	generation	

capacities	and	the	resulting	 increase	 in	power	flow	

variability.

Mechanism for data sharing to enable faultless 
operation of the regional power system

With	 the	 cooperation	 on	 power	 grid	 connectivity	

advancing,	 the	 need	 to	 share	 operational	 data	 of	

the	respective	national	power	systems	will	become	

increasingly	urgent.	Among	the	recommended	types	

of	data	exchange	are	real-time	conditions	at	substations	

at	a	regular,	periodic	rate	of	minutes	to	hours,	reports	

on	network	topology	changes	and	reports	on	changes	in	

the	network	model	(Giri,	2019).	The	countries	of	North-

East	Asia	should	cooperate	to	develop	a	transparent	

and	 secure	 joint	 mechanism	 on	 data-sharing	 that	

clarifies	the	types	of	data	to	be	shared,	time	intervals	

when	data	exchange	should	take	place	as	well	as	the	

ways	in	which	the	shared	data	may	be	used.	Although	

data	needed	to	be	shared	for	seamless	operation	of	

the	regional	power	system	are	usually	not	sensitive	

or	considered	strategically	important,	a	guarantee	to	

preserve	confidentiality	and	the	intellectual	property	

of	the	data	should	ideally	be	included	in	the	mechanism	

–	this	is	particularly	important	as	the	national	levels	

of	intellectual	property	rights	protection	vary	among	

North-East	 Asian	 nations	 (ibid.;	 ECT,	 2014).	 In	 the	

medium	 term,	 establishing	 a	 regional	 institution	

responsible	for	data	collection	and	sharing	as	well	as	

strengthening	the	protection	of	particularly	sensible	

data	 –	 i.e.,	 through	 the	 conclusion	 of	 bilateral	 and	

multilateral	non-disclosure	agreements	–	is	advisable.	

Strategy 7. Mobilize investments 
in cross-border grid and generation 
infrastructure

One	of	the	key	tasks	for	the	Governments	of	North-

East	Asia	is	the	creation	of	a	stable	climate	for	energy	

investments.	Investors	should	have	guarantees	for	the	

return	on	 investments,	which	 requires	establishing	

legally-binding	rules	for	economic	cooperation	based	

on	 transparency	and	non-discrimination	 that	cover	

investment	and	dispute	settlement	procedures.	

Stakeholders:	 Relevant	ministries,	 companies	 from	

the	national	power	sectors,	national	and	international	

financial	institutions.

Time	frame:	Short,	medium	and	long	term.

Transparent and efficient legal framework for 
investments in the regional power sector

In	order	 to	create	a	 legal	 investment	 framework	 in	

North-East	 Asia,	 the	 stakeholders	 could	 consider	

consulting	the	existing	legal	frameworks	in	the	energy	

sector,	 the	most	 likely	 candidate	 being	 the	 Energy	

Charter	Treaty	(ECT)	of	which	Japan,	Mongolia	and	

the	Russian	Federation	are	members.38	China	and	the	

Republic	of	Korea	are	observers	and	have	signed	the	

International	Treaty	Charter	of	2015.	The	opinions	differ	

on	whether	ECT	should	be	adopted	as	a	legal	framework	

38	 As	of	2019,	the	Russian	Federation	signed,	but	did	not	ratify,	
the	ECT.
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for	 regional	 cooperation	 on	 energy,	 or	 whether	 a	

specific	regional	legal	framework	should	be	established.	

Nevertheless,	 the	 ECT	 provisions,	 with	 which	 all	

countries	in	the	region	can	identify	themselves,	might	

serve	as	a	common	basis	to	start	a	regional	dialogue	on	

the	provisions	of	the	regional	legal	framework	(Yun,	

2004;	Gavin	and	Lee,	2008).

Until	 such	 a	 framework	 is	 established,	 long-term	

contracts	with	agreed	supply	volumes	and	electricity	

prices	for	the	investment	recovery	period	will	remain	

the	central	instrument	of	securing	returns	on	investment	

and	 profit	 for	 the	 generation	 and	 sales	 companies	

involved	(Belyaev	and	Podkovalnikov,	2007).

Support though free trade agreements (bilateral, 
trilateral, multilateral) in the subregion)

The	favourable	investment	climate	might	be	facilitated	

through	free-trade	agreements	between	the	countries	of	

North-East	Asia.	While	all	six	North-East	Asian	countries	

are	in	one	way	or	another	involved	in	the	Asian	“noodle	

bowl”	of	trade	agreements,	no	such	arrangement	exists	

at	the	subregional	level,	as	opposed	to,	say,	South-East	

Asian	countries,	which	are	linked	within	the	ASEAN	Free	

Trade	Agreement	(AFTA).	North-East	Asian	countries	

are	advised	to	consider	negotiations	on	a	subregional	

trade	deal	in	the	medium	to	long	term.	

Meanwhile,	 it	 is	 important	 to	 further	 advance	

the	 currently	 ongoing	 bi-	 and	 trilateral	 free	 trade	

negotiations	in	the	region.	For	example,	if	signed,	the	

China-Japan-Republic	of	Korea	free	trade	agreement	

could	provide	a	 legal	framework	of	cooperation	for	

promoting	an	energy	interconnection	between	those	

three	countries	(Chang	et	al.,	2020).

Study on policies to support financing of 
the regional power grid interconnection 
(governmental loans, guarantees on investment 
return, subsidies, tax incentives etc.)

In	 order	 to	 design	 policy	 instruments	 to	 support	

financing	of	the	power	grid	interconnection,	national	

Governments	are	advised	to	commission	an	Expert	

Group	 to	 conduct	 an	 applicability	 assessment	 for	

possible	 financing	mechanisms.	 Existing	 studies	 on	

power	 grid	 interconnection	 in	 North-East	 Asia	 do	

not	 focus	 in	detail	on	 the	mechanisms	 for	 securing	

investments	in	the	projects	and	it	is	necessary	to	fill	

this	research	gap.

Strategy 8. Capacity-building and 
sharing of information, data and best 
practices

Innovative	 solutions	 are	 required	 in	 order	 to	

interconnect	 national	 power	 systems	 of	 North-

East	Asia	 in	the	most	efficient	and	sustainable	way.	

Within	the	national	borders,	such	solutions	have	been	

implemented	in	abundance	(e.g.,	smart	grid	technologies	

on	the	Republic	of	Korea’s	Jeju	Island,	solar	sharing	

in	China	and	Japan,	energy	efficiency	policies	etc.).	

In	order	for	this	rich	experience	to	work	for	regional	

power	interconnection,	it	needs	to	be	shared	among	

the	countries	of	North-East	Asia.	Such	sharing	may	be	

facilitated	in	several	ways.

Publishing data in English for better accessibility 
and using ESCAP as a platform 

National	statistical	offices	might	consider	publishing	

more	data	in	English	that	are	relevant	to	power	grids	and	

innovative	solutions	in	the	power	sector	in	English.	This	

way,	it	may	be	more	quickly	accessed	by	the	decision-

making	and	research	institutions	of	other	North-East	

Asian	 countries,	 resulting	 in	 cross-fertilization	 of	

ideas	and	innovative	solutions	for	regional	power	grid	

connectivity.	The	ESCAP	Asia	Pacific	Energy	Portal	could	

provide	an	optimal	platform	for	such	data	sharing.

Should	the	aforementioned	bodies	not	be	ready	to	make	

such	data	publicly	available,	it	is	advisable	to	create	a	

data-sharing	platform	that	can	only	be	accessed	by	the	

relevant	institutions	of	the	five	other	North-East	Asian	

countries.

Engage in joint capacity-building programmes

Operation	 and	maintenance	 of	 the	 interconnected	

power	system(s)	with	the	growing	share	of	variable	

renewable	generation	will	require	sufficient	trained	staff	

from	all	the	involved	countries.	China,	Japan	and	the	

Republic	of	Korea,	who	have	considerable	experience	

with	operating	large-scale	variable	renewable	facilities,	

should	consider	organizing	training	programmes	for	staff	

in	Mongolia,	which	will	need	this	kind	of	expertise	should	

the	Gobitec	project	be	implemented.	

Learn from international experience

Relevant	ministries	as	well	as	national	development	

organizations	 should	 engage	 in	 dialogue	 with	
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international	 organizations	 involved	 in	 facilitating	

innovative	 power	 solution	 and	 capacity-building	

initiatives	(e.g.,	the	World	Bank,	ADB,	IRENA	and	IEA)	to	

learn	from	their	experience.	In	addition,	the	experience	

of	other	regions	(e.g.,	the	European	Electrical	Grid	in	

Europe,	CASA1000	and	the	EAEU’s	power	market	in	

Central	Asia,	ASEAN	Power	Grid	project	in	Southeast	

Asia,	BIMSTEC	 in	South	Asia,	 IIRSA	and	SIEPAC	 in	

Central	and	Latin	America,	GCCIA	in	the	Gulf	and	SAPP	

in	South	Africa)	can	be	of	great	value	in	accumulating	

the	relevant	regional	expertise.

Raise public awareness and engage in dialogue 
with communities

To	 secure	 support	 for	 cross-border	 power	 grid	

interconnections,	 transparent	 communication	 and	

acceptance	by	the	affected	communities	are	necessary.	

Furthermore,	public	acceptance	of	these	projects	will	

feed	into	general	support	for	closer	relationships	with	

the	neighbouring	North-East	Asian	countries.

Building	 an	 electricity	 interconnector	 is	 a	 highly	

complex	 task.	Therefore,	 the	 involvement	of	public	

groups	 (citizens,	 civil	 society	 and	 other	 relevant	

stakeholders)	potentially	affected	by	the	development	

of	new	interconnectors,	is	necessary	at	an	early	stage	

of	interconnector	development.	Maintaining	dialogue	

with	communities	and	relevant	stakeholders	will	help	to	

address	perceived	concerns	about	health	issues,	or	the	

adverse	impact	on	the	landscape	and	nature	ecosystems,	

and	thus	reduce	the	length	and	impact	of	procedural	

delays.

Strategy 9. Ensuring that energy 
connectivity initiatives are 
compatible with the Sustainable 
Development Goals

It	is	critically	important	that	cooperation	on	regional	

power	 grid	 interconnection	 contributes	 to	 the	

sustainable	 development	 of	 the	 region.	 Whatever	

policy	option	is	considered,	and	whatever	regulatory	

mechanism	 is	 developed,	 the	 stakeholders	 should	

consider	the	interests	of	the	local	communities,	the	

needs	 of	 the	 poorest	 population	 groups	 as	well	 as	

sustainable	 energy	 guidelines	 introduced	 by	 the	

Sustainable	 Development	 Agenda	 and	 the	 Paris	

Agreement	on	Climate	Change.

Stakeholders:	All	the	stakeholders	involved	in	Strategies	

1	to	8.

Time	frame:	short,	medium	and	long	term.

When	elaborating	on	the	power	grid	Master	Plan,	an	

accurate	and	detailed	sustainability	assessment	should	

be	conducted	for	the	existing	project	proposal.

Planning	of	cross-border	power	interconnections	should	

include	sustainability	guidelines	for	the	construction	and	

operation	of	the	transmission	lines.	

In	order	to	prevent	possible	habitat	damage	resulting	

from	large-scale	deployment	of	renewable	generation	

capacities,	conservation	measures	should	be	considered	

and/or	partly	financed	by	the	revenue	from	power	trade.	

In	the	case	of	Gobitec,	wind	farms	in	particular	might	be	

suitable	for	preserving	vast	sections	of	steppe	habitat.

Although	 the	 focus	 of	 the	 envisaged	 power	 grid	

connectivity	is	on	the	interconnection	of	the	centralized	

grids,	 interests	 and	 needs	 of	 communities	 without	

centralized	electricity	access	–	especially	communities	

that	might	be	potentially	affected	by	the	construction	

of	the	new	transmission	lines	and	generation	facilities	

–	 should	 be	 considered.	 The	 development	 of	 a	 set	

of	policy	measures	is	advisable	in	order	to	ensure	an	

inclusive	 energy	 transition.	 Such	 measures	 might	

include	payments	of	a	specific	percentage	of	annual	

transmission-fee	earnings,	directly	(and	proportionally)	

to	local	communities	crossed	by	a	new	interconnection,	

and	the	establishment	of	a	North-East	Asian	Investment	

Fund	for	the	territories	affected	by	construction,	in	

order	to	facilitate	investment	in	those	territories	to	

boost	 their	 economic	 activities	 or	 providing	 more	

public	facilities	etc.	Therefore,	it	is	advisable	to	learn	

from	the	experience	of	interconnection	initiatives	from	

other	regions,	particularly	the	Central	Asia-South	Asia	

Electricity	Transmission	and	Trade	Project	(CASA-1000),	

which	is	currently	under	development	and	includes	

social	safeguards	for	the	affected	population	groups	as	

well	as	the	general	assessment	of	possible	social	benefits	

from	its	early	stages	(World	Bank,	2014).
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Conclusion

T
here	is	a	wealth	of	scientific	evidence	that	underlines	the	

potential	for	enhanced	power	grid	connectivity	to	bring	

multiple	benefits	to	the	economies	and	societies	of	North-

East	Asia.	The	evidence	ranges	from	increased	affordability	of	

electricity	and	stability	of	national	power	systems	to	increased	

deployment	of	low-carbon	power	sources	and	improved	social	

welfare	from	reduced	emissions.	While	numerous	variations	of	

the	power	grid	interconnection	have	been	proposed	and	analysed,	

those	encompassing	the	whole	region,	and	therefore	requiring	the	

cooperation	of	all	six	States,	promise	the	most	significant	output.

Cooperation	on	power	grid	connectivity	in	North-East	Asia	already	

enjoys	the	support	of	the	international	community	(including	ESCAP,	

ADB,	World	Bank,	IEA,	IRENA	and	others)	and	some	representatives	

from	the	power	and	telecommunications	sectors	in	the	region.	It	is	

now	up	to	the	North-East	Asian	States	to	take	the	necessary	steps	

towards	the	establishment	of	a	fully-fledged	multilateral	cooperation	

mechanism.	Unlike	other	Asia-Pacific	subregions,	however,	at	present	

North-East	Asia	lacks	a	jointly-organized	institutional	framework	to	

support	long-term	cooperation.	Establishing	a	multinational	body	

that	focuses	on	power	grid	connectivity	is	therefore	an	important	

6
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task,	 not	 least	 because	 it	 can	 help	 build	 political	

consensus	 among	 decision-makers	 and	 initiate	 the	

process	of	working	together	on	technical	and	political	

issues.	As	a	starting	point,	the	NEARPIC	Forum	could	

provide	a	platform	for	high-level	exchanges.

Together	with	the	institutional	framework,	transparency	

is	a	key	aspect	in	building	trust	between	stakeholders	

as	well	as	securing	support	for	cooperation	on	power	

grid	connectivity,	both	from	the	private	sector	and	the	

civil	society	stakeholders.	The	secure	and	continuous	

exchange	of	up-to-date	and	accurate	data	between	

national	Governments	and	utilities	is	also	necessary.	

This	will	support	planning	efforts	and	help	to	build	trust,	

while	also	providing	the	transparency	that	international	

financial	institutions	and	the	private	sector	require	if	

they	are	to	support	the	much-needed	investments.

There	is	a	global	trend	towards	increased	cooperation	

on	power	grid	connectivity	and	cross-border	integration	

of	 the	 power	 grid	 infrastructure,	 with	 numerous	

connectivity	 initiatives	 underway	 in	 almost	 every	

region	of	the	world.	North-East	Asia	has	its	own	specific	

geographical,	economic,	political	and	historical	context.	

Nevertheless,	the	challenges	it	will	face	while	working	

towards	increased	regional	power	system	integration	

(including,	 but	 not	 limited	 to,	 building	 political	

consensus,	 securing	 investments,	 and	 coping	 with	

technical	and	regulatory	differences	between	national	

power	systems)	have	also	been	faced	in	other	regions.	

Learning	from	the	experiences	of	other	connectivity	

initiatives	will	provide	the	decision-makers	in	North-

East	Asia	with	valuable	insights	and	help	to	accelerate	

the	process	of	integration.

Finally,	 cooperation	 on	 power	 grid	 connectivity	 in	

North-East	Asia	must	take	place	in	a	way	that	supports	

and	strengthens	national	efforts	to	develop	secure,	

sustainable	power	sectors	and	to	meet	the	Sustainable	

Development	Goals.	While	a	wealth	of	research	results	

exists	that	cover	the	topic	of	power	system	integration	in	

North-East	Asia,	there	is	still	much	to	do	to	examine	the	

implications	of	power	grid	connectivity	for	sustainable	

development.	Facilitating	research	on	this	topic	and	

integrating	this	expertise	into	the	cooperation	process	

is	crucially	important	in	ensuring	consistency	with	the	

Sustainable	Development	Goals.	While	much	work	

remains	to	be	done,	the	momentum	behind	increased	

integration	is	building,	and	the	foundation	for	success	

is	already	being	established.	Regional	power	system	

integration	is,	in	the	end,	a	tool	–	not	a	goal.	Properly	

guided,	 increased	 power	 system	 connectivity	 can	

support	the	development	of	a	secure,	sustainable	and	

affordable	power	system	across	North-East	Asia.	
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Appendix II: Renewable potential of North-East Asia (maps)

Figure 23 _ Photovoltaic power potential

Source: World Bank Group (2020). Global Solar Atlas. Map is adapted by ESCAP.
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations. 
Dotted line represents approximately the Line of Control in Jammu and Kashmir agreed upon by India and Pakistan. The final status of Jammu and Kashmir 
has not yet been agreed upon by the parties.
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Figure 24 _ Wind power potential: Wind power density

Source: World Bank Group (2020). Global Wind Atlas.
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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Figure 25 _ Hydropower potential (GWh/year)

Source: Hoes O. A. C. et al. (2017). Systematic high-resolution assessment of global hydropower potential. PLoS ONE, 12(2): e0171844. 
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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Appendix III: Power systems in North-East Asia – country profiles

People’s Republic of China

Key data

Grid	voltage,	50Hz

Installed	capacity	(2019),	2010.66 GW

Total	gross	electricity	generation	(2019),	7325.3 TWh 

(CEC,	2019)

Electricity	generation	mix	by	type	of	generation	(2018)	–	

coal	67.26%,	hydro	16.65%,	wind	4.94%,	nuclear	3.99%,	

solar	PV	2.39%,	natural	gas	3.2%,	biofuels	1.22%,	oil	

0.15%,	waste	0.18%,	solar	thermal	0.0041%	and	tide	

0.0001%	(IEA,	2020).

Electricity	consumption	by	sector	(2018):	industry	–	

61.81%,	 residential	16.05%,	commercial	and	public	

services	7.41%,	transport	2.34%,	agriculture/forestry	

2.1%	and	non-specified	10.27%

Originally	 designed	 as	 a	 centrally	 planned	 system,	

China’s	 power	 system	 is	 in	 transition.	 The	 power	

sector	reform,	first	initiated	in	2002	(“Document	Nr.5”),	

began	the	process	by	unbundling	the	State	Power	Grid	

company	and	creating	separate	segments	of	generation,	

transmission	and	distribution.	In	2015	a	new	round	of	

the	power	market	reform	was	launched,	more	commonly	

known	as	“Document	Nr.9”,	introducing	new	measures	

to	create	a	competitive	power	market	with	the	main	

goal	of	lowering	electricity	prices	and	increasing	the	

overall	flexibility	and	efficiency	of	the	power	sector.	As	

in	other	industry	sectors,	the	planning	and	investment	

cycle	 is	 developed	within	 a	 five-year	 national	 plan	

which	sets	objectives	for	generation,	transmission	and	

distribution	for	each	province.	Provinces	are,	in	their	

turn,	responsible	for	implementation	of	these	targets.	

Generation 

Since	the	power	sector	reform	of	2002,	five	generation	

companies	have	been	formed	out	of	the	former	State	

Power	 Corporation:	 Huaneng,	 Datang,	 Huadian,	

Guodian	and	China	Power	Investment	Corporation.	

These	state-owned	enterprises	are	placed	under	the	

administrative	supervision	of	the	Ministry	of	Electric	

Power	Industry.	Coal-fired	thermal	and	co-generation	

power	plants	account	for	more	than	two-thirds	of	total	

power	 generation	 in	 the	 country.	 Spurred	 by	 rapid	

economic	growth	and	the	increase	in	electricity	demand,	

China	 has	 been	 actively	 expanding	 its	 generation	

capacities	for	the	past	decade,	resulting	in	ca.	100	GW	

new	generation	capacities	coming	per	year.	In	2019,	the	

total	installed	generation	capacity	was	projected	to	be	

approximately	2,000	GW,	which	makes	China	the	world’s	

biggest	power	market.	

The	past	decade	has	seen	a	boost	in	the	construction	

of	 coal	 power	 plants,	 which	 took	 place	 after	 the	

shift	 of	 administrative	 authority	 from	 the	 central	

Government	to	provincial	governments	in	2013.	As	

a	result,	 there	 is	severe	overcapacity	 in	coal	power	

plants	that	are	nevertheless	connected	to	grid	at	least	

until	the	investment	returns	have	been	collected.	This	

overcapacity	poses	a	serious	challenge	for	the	variable	

renewable	 energy	 sources,	 such	 as	wind	 and	 solar	

power	that	are	experiencing	rapid	growth	in	China,	with	

support	of	domestic	renewable	industry	clusters	and	

accelerated	by	considerable	reductions	of	renewable	

energy	 technology	 and	 equipment.	 In	 2018	 alone,	

China	added	44.26	GW	of	solar	and	20.59	GW	of	wind	

power	that	together	accounted	for	52.9%	of	last	year’s	

capacity	additions	in	China.	Whether	integration	of	such	

significant	amounts	of	variable	renewables	into	the	grid	

will	be	successful	depends	on	many	factors,	including	

the	competition	from	coal	power	plants.	Many	of	these	

are	still	in	the	debt-servicing	period	and	have	to	retain	

their	operating	hours	as	well	as	the	flexibility	of	China’s	

transmission	system.

Transmission

The	State	has	a	monopoly	in	the	transmission	segment	

and	is	represented	by	two	grid	companies,	China	State	

Grid	Company	(CSGC)	and	the	China	Southern	Power	

grid,	both	formed	from	the	State	Power	Corporation	in	

the	unbundling	reform	of	2002.	China	has	seven	power	

grids,	whereas	the	State	Grid	Corporation	of	China	

(SGCC)	owns	the	north-east,	north,	central,	east,	north-

west	and	Tibet	power	grids,	and	the	China	Southern	

Power	Grid	Company	covers	the	south	China	power	grid.

There	 is	 a	 demand-supply	 imbalance	 in	 several	 of	

China’s	provinces	due	to	the	fact	that	energy	resources	

are	distributed	unevenly	and	far	away	from	the	load	
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centres.39	 To	 solve	 this	 problem,	 China	 has	 been	

accelerating	 the	 construction	 of	 high-voltage	 grid	

interconnections	among	its	domestic	power	grids	that	

will	enable	transmission	of	electricity	from	resource-

abundant	 regions	 (central/west	 areas)	 to	 ‘energy	

hungry’	regions	(east	coastal	area)	(Otsuki	et	al.,	2016).	

Currently,	several	ultra-high	voltage(UHV)	transmission	

lines	with	the	voltage	between	800	and	1,000	kV	are	

being	actively	constructed.	Interconnection	of	China’s	

transmission	systems	is	also	seen	as	means	to	increase	

the	overall	flexibility	of	the	power	system	and	allow	

for	more	efficient	integration	of	variable	generation	

capacities.	 Several	 UHV	 direct	 current	 lines	 have	

already	been	constructed	for	bulk	power	transmission	

from	northern	and	western	provinces,	where	coal	as	

well	as	extensive	solar	and	wind	generation	capacities	

are	installed.	In	turn,	UHV	alternating	current	lines	are	

being	constructed	in	the	east	coastal	area	and	should	

help	to	absorb	the	massive	power	output	from	the	UHV	

DC	lines	(Fairley,	2019).

39	 For	example,	76%	of	coal	resources	and	80%	of	hydropower	
resources	are	distributed	in	the	central	and	western	parts	of	
the	country,	while	power	demand	is	concentrated	in	the	eastern	
coastal	region	and	around	the	Pearl	River	Delta	in	Guangdong	
Province.

China	has	interconnections	with	several	neighbouring	

countries/economies	–	the	DPRK,	Kyrgyzstan,	Mongolia	

and	South-East	Asia.

Distribution and trading

In	 China,	 generated	 electricity	 is	 supplied	 through	

SGCC	and	China	Southern	Power	Grid	Company	and	

distributed	through	dispatch	centres	that	are	affiliated	

to	 the	 grid	 companies	 and	 operate	 on	 provincial,	

city	and	community	levels	(Otsuki	et	al.,	2016). The	

provincial	level	has	the	central	role	since	provincial	

dispatch	centres	are	responsible	for	allocation	of	power	

generation	quotas	to	generation	facilities	in	accordance	

with	 the	 “fair	 dispatch”	 rule.	 Under	 this	 rule,	 each	

generating	facility	of	the	same	category	(e.g.,	coal-fired)	

receives	the	same	amount	of	annual	operating	hours	

(IEA,	2019b),	and	consequently	generates	an	allocated	

energy	volume,	rather	than	one	economically	reasonable	

based	on	the	facility’s	generation	cost.	While	allocating	a	

“fair”	number	of	operating	hours	to	coal-fired	generation	

facilities,	this	dispatch	mechanism	has	been	criticized	

as	a	source	of	inefficiency	and	a	major	contributor	to	

curtailment	of	energy	from	wind,	solar	and	hydroelectric	

generators.	The	power	system	reform	of	2015	foresees	

Figure 26 _ China’s UHV power transmission lines

Source: State Grid Corporation of China. Map is adapted by ESCAP.
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations. 
Dotted line represents approximately the Line of Control in Jammu and Kashmir agreed upon by India and Pakistan. The final status of Jammu and Kashmir 
has not yet been agreed upon by the parties.
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the	orderly	withdrawal	of	the	administrative	allocation	

system	as	a	crucial	next	step.

There	 is	 currently	 no	 spot	 market,	 but	 starting	 in	

September	2019	pilot	schemes	to	allow	spot	trading	

of	electricity	in	eight	provinces	and	regions	have	been	

launched	 (Reuters,2017).	 National	 implementation	

of	these	schemes	is	planned	for	2020.	If	successful,	

these	markets	could	promote	flexible	operation	of	the	

overall	power	system	and	help	reduce	curtailment	of	

renewables,	adding	to	their	competitiveness	against	

coal-fired	generation	(Dupuy,	2018).

Regulatory environment for foreign businesses

Access	for	foreign	companies	to	China’s	power	system	

has	been	considerably	eased	 in	 recent	years.	 Since	

October	2016,	foreign	investment	has	shifted	from	

the	‘approval	system’	to	the	‘negative	list	management	

system’,	 that	 is,	 unless	 an	 activity	 intended	 by	 the	

foreign	investor	is	on	a	restricted	list,	it	will	be	granted	

treatment	that	is	no	less	favourable	than	that	granted	to	

domestic	investors.	Although	previously	on	a	restricted	

list,	construction	and	operation	of	power	grid	and	gas	

stations	was	removed	from	the	list	in	2018	(Energy	

Charter,	2018).

Government policy

China	has	made	optimizing	the	structure	of	its	power	

supply	a	top	priority	since	the	early	2000s.	Its	goals	

were	to	reduce	the	share	of	coal	in	power	generation	

and	increase	the	use	of	renewable	energy,	natural	gas	

and	nuclear	power.	The	13th	Five-Year	Plan	(2016-2020)	

sets	binding	targets	to	reduce	the	share	of	coal-fired	

power	generation	to	58%	by	2020	and	to	increase	the	

share	of	power	produced	from	non-fossil	fuels	to	15%	

by	the	same	date	(NDRC,	2016).

On	 25	 April	 2017,	 the	 National	 Development	 and	

Reform	 Commission	 (NDRC)	 and	 National	 Energy	

Administration	 (NEA)	 publicly	 released	 a	 strategic	

paper	on	“Energy	Supply	and	Consumption	Revolution	

Strategy	(2016-2030)”,	which	sets	out	the	main	overall	

targets	and	strategies	of	the	Chinese	energy	sector	for	

2030.	The	document	includes	the	following	targets	for	

2030:	over	50%	share	of	non-fossil	generation	in	the	

total	power	generation,	over	80%	of	coal-fired	power	

generation	represented	by	ultra-low	polluting	coal-fired	

power	plants,	and	clean	energy	as	the	main	source	of	

meeting	new	energy	demand.

In	 December	 2017,	 the	 Government	 announced	 a	

political	 launch	 of	 the	 national	 Emissions	 Trading	

System	(ETS).	The	ETS	is	currently	in	the	simulation	

phase	and	primarily	covers	the	power	sector	in	several	

provinces.	Ideally,	the	ETS	will	not	only	reduce	power	

sector	emissions,	but	also	 reinforce	 the	position	of	

low-carbon	generation	sources	on	the	power	market	

by	adding	an	emission	cost	to	each	emitting	generator’s	

operating	cost.	The	success	of	this	system,	however,	

largely	depends	on	the	implementation	of	the	2015	

power	system	reform,	including	further	unbundling	of	

the	di	astribution	segment	and	creation	of	competitive	

power	markets.

China’s	 policy	 towards	 international	 cooperation	

on	 energy	 is	 aligned	 with	 its	 intercontinental	 Belt	

and	 Road	 Initiative	 (BRI),	 launched	 in	 2013,	 and,	

among	others,	aims	at	boosting	the	interconnectivity	

of	 energy	 infrastructure	 and	 strengthening	 inter-

regional	cooperation	in	energy	resource	exploitation	

(Energy	 Charter,	 2018).	 Strengthening	 the	 energy	

infrastructure,	i.e.,	via	promotion	of	cross-border	power	

interconnection	projects,	and	establishment	of	regional	

power	markets,	 is	one	of	 the	 seven	 focus	areas	 for	

international	cooperation	within	the	initiative,	as	stated	

in	the	“Vision	and	Actions	for	Energy	Cooperation	on	

Silk	Road	Economic	Belt	and	the	21st	Century	Maritime	

Silk	Road”,	published	in	2017	by	NEA	and	NDRC	(NEA/

NDRC	2017).	Aligned	to	the	BRI	is	the	Global	Energy	

Interconnection	 Development	 and	 Cooperation	

Organization	(GEIDCO),	which	in	the	long	term	aims	

to	facilitate	the	construction	of	an	 intercontinental	

power	grid,	creating	the	integrated	system	that	would	

serve	as	the	backbone	of	a	new	energy	system	based	on	

clean	energy,	smart	grids	and	ultra-high-voltage	(UHV)	

transmission.	

Democratic People’s Republic of Korea

Key data

Installed	capacity	(2018),	9.5 GW

Total	electricity	generation	(2017)	–	15,163 GWh

Electricity	generation	mix	(2018)	–	coal 30%, hydro 62%, 

oil 2%. Off-grid: oil products 98%, solar PV 2%

Electricity	consumption	by	sector	(2017).	(estimates	

of	Nautilus	institute)	industry	–	approx.	45%,	transport	

residential	and	commercial	and	public	services	–	approx.	
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10%	each,	military	–	approx.	25	%,	agriculture	–	approx.	

5%	(Hippel	and	Hayes,	2018).

The	data	on	the	state	of	the	DPRK	power	system	is	

highly	fragmented	–	there	is	not	much	accurate,	up-to-

date	information;	however,	thanks	to	research	by	the	

Nautilus	Institute,	Korean	Electrotechnical	Research	

Institute	(KERI)	as	well	as	the	reports	based	on	the	

satellite	imagery	from	38North	and	NK	Economicwatch,	

one	can	see	an	approximate	picture.	The	DPRK’s	power	

system	is	in	a	deplorable	state	and	the	power	shortage	is	

at	the	core	of	country’s	economic	crisis.	The	equipment	

is	outdated,	with	 some	 facilities	dating	back	 to	 the	

Japanese	colonial	period.	Most	of	the	equipment	is	from	

the	Soviet	era	and	some	home-grown	equipment.	Power	

transmission	and	distribution	systems	are	fragmented,	

and	the	Government	encourages	the	construction	of	

decentralized	facilities	at	the	respective	counties.

Generation

Electricity	generation	is	hydroelectric	and	coal-fired,	

whereas	 hydropower	 plants	 deliver	 approximately	

two-thirds	of	the	total	generated	power.	There	is	also	a	

small	amount	of	oil-fired	electricity	generation	capacity	

associated	with	the	oil	refinery	at	Sonbong	and	in	two	

other	plants.	Although	the	total	installed	generation	

capacity	is	estimated	to	be	about	9.3	GW,	most	studies	

and	reports	confirm	that	the	actual	amount	of	generated	

electricity	is	significantly	lower	than	the	total	installed	

capacity	can	provide	 (Yoon,	2011).	The	reasons	 for	

this	 discrepancy	 are	 the	 fragmented	 transmission	

and	distribution	systems.	Furthermore,	many	of	the	

operating	hydroelectric	facilities	are	designed	as	“run-

of-river”	type	and	their	output	is	subject	to	variations	in	

stream	flow	(Hippel	and	Hayes,	2018).The	Government	

places	 great	 emphasis	 on	 the	 construction	 of	 new	

hydropower	plants,	primarily	in	the	northern	and	north-

eastern	provinces,	where	the	terrain	is	more	suitable	

for	such	projects.	Huichon	HPP	1	and	2	was	one	of	the	

recent	large-scale	hydropower	projects,	but	it	never	

came	online	due	to	major	setbacks	caused	by	planning	

challenges	and	difficult	weather	conditions.	Currently,	

the	focus	is	on	small-	to	medium-sized	power	plants,	

built	in	tiers	(Makowsky,	et	al.,	2019).

With	grid	power	supplies	being	largely	unreliable	and	

insufficient,	many	citizens,	businesses	and	organizations	

in	the	DPRK	started	to	take	electricity	provision	into	

their	own	hands.	Expanded	use	of	diesel	fuel	for	power	

generation	with	diesel	and	gasoline-fired	generators	

takes	place	to	substitute	for	variable	grid	power	supplies,	

with	total	installed	capacity	of	up	to	1,000	MW	(2016	

estimate).	Furthermore,	households	are	purchasing	small	

solar	PV	panels	imported	from	China	and	installing	them	

on	their	roofs	and	balconies	to	generate	electricity.	With	

the	total	output	of	ca.	20	MW,	these	panels	have	little	

effect	on	the	national	energy	balance,	but	they	provide	

thousands	of	households	with	electricity	for	lighting	and	

communication	electronics.	(Hippel	and	Hayes,	2018:	

29).

Transmission

The	 DPRK	 grid	 is	 highly	 fragmented.	 Nominally,	 it	

operates	at	a	frequency	of	60Hz,	but	in	practice	the	

frequency	variates	between	51.0	and	59.8	Hz	(Yoon,	

2011),	 particularly	 more	 strongly	 in	 the	 western	

part	of	the	country.	(Podkovalnikov,	2002).	Although	

some	 expansion	 of	 the	 grid	 has	 been	 taking	 place	

sporadically,	the	country	has,	de	facto,	two	separate	

grids,	operating	at	different	effective	voltages	(88-99kV	

for	the	nominally	110kV	grid	and	177-209	kV	for	the	

nominally	220kV	grid).	The	Kaesong	Industrial	Zone,	

an	 administrative	 region	 close	 to	 the	 demilitarized	

zone,	 is	 connected	 to	 the	Republic	of	Korea	power	

grid	by	a	 line	of	ca.	100	MW	capacity	(Nam,	2012).	

Upon	the	temporary	closure	of	the	Kaesong	Industrial	

Zone,	announced	by	the	Government	of	the	Republic	of	

Korea	(Ahn,	2/10/2016),	power	supplies	through	this	

interconnection	have	been	stopped.

Distribution

The	distribution	network	is	outdated,	adding	to	the	

overall	instability	of	the	EPS.	In	1990	a	supervisory	

control	 and	 data	 acquisition	 (SCADA)	 system	 was	

supplied	by	China	and	the	United	Nations	Development	

Programme	 for	 better	 control	 and	management	 of	

transmission,	distribution	and	end-use	of	electricity	from	

the	power	plants	of	Supung,	Jangjingang,	Pyongyang,	

and	 Puckchang.	 However,	 its	 efficiency	 remains	

unknown	due	to	the	issue	of	its	compatibility	with	the	

rest	of	system	elements.

The	electricity	supply	in	Pyongyang,	DPRK’s	biggest	

load	centre,	has	reportedly	improved	after	the	recent	

sanctions	 on	 DPRK’s	 coal	 exports	 to	 China	 were	

introduced.	Instead	of	exporting,	the	coal	is	reportedly	

sent	to	Pyongyang,	the	area	with	the	country’s	highest	

purchasing	 power.	 As	 a	 consequence,	 electricity	
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supply,	indoor	heating	and	warm	water	supply	have	all	

reportedly	improved	(Moon,	2018).

Government policy in electricity sector

Government	 policy	 is	 usually	 defined	 within	 the	

five-year-plans.	 According	 to	 the	 current	 five-year	

plan,	announced	in	May	2016,	easing	electric	power	

shortages	is	proclaimed	to	be	a	prerequisite	for	the	

country	to	implement	its	five-year	plan	for	economic	

growth.	To	achieve	this	policy	goal,	the	Government	

plans	to	increase	renewable	power	generation	capacity	

up	to	5	GW	by	2044,	largely	through	exploration	of	

domestic	hydropower	and	wind	resources.	In	September	

2013,	a	“Renewable	Energy	Act”	was	adopted	by	the	

Government	in	order	to	provide	a	legal	guarantee	for	the	

development	and	use	of	renewable	energy.	Furthermore,	

DPRK	is	making	efforts	to	develop	its	own	renewable	

and	green	technologies,	including	solar	panels	and	wind	

turbines,	solar-power	passenger	vehicles	and	designs	

for	buildings	powered	by	renewable	energy.	At	least	

one	factory	(Kwangmyong	LED	and	Solar	Cell	Factory)	

and	one	research	institute	(Natural	Energy	Research	

Centre	of	the	National	Academy	of	Sciences)	have	been	

established	with	the	goal	of	developing	home-grown	

renewable	energy	technologies.

Figure 27 _  Power grid of the Democratic People’s Republic of Korea

Source: Global Energy Network Institute
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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Finally,	in	DPRK’s	quest	for	renewable	energy,	China	

might	prove	to	be	the	key	ally.	In	late	October	2019,	

the	DPRK	planned	to	build	a	2.5	GW	solar	plant	near	

Pyongyang	with	the	help	of	the	Government	of	China	

in	exchange	for	access	to	the	DPRK’s	rare	earth	mine	in	

the	northern	part	of	Pyongyang	province	(Bellini,	2019).	

Notwithstanding	these	developments,	integration	of	

additional	 renewable	 generation	 capacity	 requires	

a	 stable	 grid	 of	 sufficient	 scale,	 which	 the	 country	

currently	does	not	have.	Cooperating	with	other	North-

East	Asian	countries	on	the	development	of	national	and	

cross-border	interconnections	may	prove	to	be	the	most	

efficient	solution	to	country’s	electric	power	shortage.

The	DPRK	does	not	have	a	pronounced	policy	towards	

regional	power	grid	interconnection.	Nevertheless,	it	

is	currently	maintaining	a	dialogue	with	the	Russian	

Federation	on	possible	cooperation	in	the	power	sector.	

According	 to	 the	 results	of	a	meeting	 in	 late	2019,	

both	countries	agreed	to	continue	cooperation	on	the	

construction	of	a	500kV	power	grid	and	possibly	revive	

the	project	proposed	in	the	early	2000s	to	connect	

Vladivostok	in	the	Russian	Far	East	to	Chongjin	on	the	

DPRK’s	north-east	coast	(Zwirko,	2020).	

Japan

Key data

Voltage:	50 and 60 Hz

Installed	capacity	(2017),40 299.2 GW	(JEPIC,	2020)

Total	gross	electricity	generation	(2018),	999.9TWh

Electricity	generation	mix	by	type	of	generation	(2019)	

–	natural gas 33.9%, coal 31.64%, hydro 8.8%, solar 

7.41%, nuclear 6.38%, oil 4.8%, waste 2.37%, biofuels 

1.76%, wind 0.75%, geothermal 0.28% and other 1.9%.

Peak	demand	(2018),	159.7 GW

Electricity	consumption	by	sector	(2018)	–	industry 

36.42%, commercial and public services 33.82%, 

residential 27.57%, transport 1.85%, agriculture/

forestry 0.3% and fishing 0.04%

As	 an	 island	 country	 with	 very	 limited	 fossil	 fuel	

resources	for	domestic	power	generation,	whose	power	

supply	system	 is	 regularly	put	 in	danger	by	natural	

disasters	(most	notably,	earthquakes	and	typhoons),	

Japan	 places	 security	 of	 supply	 and	 reliability	 of	

the	 power	 system	 among	 strategic	 interests	 with	

40 https://www.jepic.or.jp/pub/pdf/epijJepic2020.pdf.

top	priority.	In	the	wake	of	severe	power	shortages	

caused	by	the	Great	East	Japan	Earthquake	and	the	

Fukushima	Daiichi	Nuclear	Disaster,	the	Government	

initiated	 an	 Electricity	 System	 Reform,	 which	 was	

approved	by	the	Cabinet	in	April	2013	and	envisages	

a	three-phase	reform	process:	(1)	expansion	of	cross-

regional	grid	operations,	i.e.,	through	the	establishment	

of	the	Organization	for	Cross-regional	Coordination	

of	 Transmission	 Operators	 (OCCTO)	 in	 2015;	 (2)	

liberalization	 of	 the	 retail	 market;	 and	 (3)	 legal	

unbundling	of	transmission	and	distribution	segments	

of	the	power	system	(JEIPIC,	2019).

Generation

Before	2011,	nuclear	power	generation	covered	about	

one	quarter	of	Japan’s	electricity	demand	(IEA,	2020).	

As	all	57	of	Japan’s	nuclear	power	plants	were	shut	

down	 shortly	 after	 the	 accident	 at	 the	 Fukushima	

Nuclear	Power	Plant,	the	share	of	nuclear	generation	

was	replaced	by	an	increase	in	coal	and	natural	gas-

fired	generation,	each	accounting	for	more	than	30%	

of	the	total	power	generation	in	2018.	As	increased	

fossil	fuel	imports	for	power	generation	led	not	only	

to	considerable	increases	in	electricity	prices	(METI,	

2017),	but	also	caused	further	growth	of	the	country’s	

CO
2
	emissions,	the	Government	attempted	to	create	

conditions	for	a	safe	restart	of	the	nuclear	reactors.	In	

2013,	the	nuclear	regulation	authority	(NRA)	established	

new	safety	standards	and	regulatory	requirements	for	

nuclear	reactors	and	nuclear	plants.	If	the	necessary	

modifications	are	 implemented,	plants	can	apply	to	

restart.	As	of	July	2019,	15	nuclear	plants	had	been	

found	compatible	with	the	new	requirements,	of	which	

nine	went	online.	Consequently,	the	share	of	nuclear	

power	generation	in	the	total	generation	mix	grew	from	

zero	in	2014	to	a	current	6.6%,	and	under	the	most	

recent	Strategic	Energy	Plan	an	increase	to	20%-22%	

is	planned	by	the	fiscal	year	2030.

Development	of	renewable	electricity	generation41	has	

been	supported	by	a	renewables	portfolio	standard	

(RPS),	which	has	been	replaced	by	a	feed-in-tariff	(FIT)	

policy	introduced	in	2012.	Under	FIT,	the	transmission	

utilities	 are	 obliged	 to	 purchase	 renewable	 energy	

electricity	at	a	fixed	price	for	a	period	of	between	10	

and	20	years,	depending	on	the	type	and	scale	of	the	

generating	facility	(Sato,	and	Matsudaira,	2018).

41	 Wind,	solar,	geothermal,	biomass	as	well	as	small	and	medium-
size	hydro.
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The	generation,	transmission	and	distribution	segments	

are	traditionally	dominated	by	10	privately-owned,	

vertically	integrated	general	electric	power	companies	

(EPCOs).	Partial	liberalization	of	the	power	generation	

sector	began	in	the	1990s,	at	a	time	when	generation	

and	transmission	were	integrated	along	regional	lines	

of	10	general	electric	utilities.	Liberalization	of	the	retail	

supply	of	electricity	to	all	except	low-voltage	customers	

was	implemented	in	stages	between	2000	and	2005	

(JEPIC,	 2020).	 By	 2016	 the	 generation	 sector	 has	

been	fully	liberalized	while	the	legal	unbundling	of	the	

transmission	and	distribution	sector	has	been	completed	

in	2020.	Currently,	the	former	EPCOS	own	about	80%	of	

generation	capacity.	The	remaining	20%	is	represented	

by	other	power	producers	that	have	participated	in	the	

electricity	wholesale	market	since	1995.	

Transmission

The	 frequency	 of	 the	 transmission	 lines	 differs	

between	eastern	and	western	Japan,	i.e.,	50	Hz	and	

60	 Hz	 respectively.	 This	 difference	 goes	 back	 to	

the	 late	nineteenth	century	when	entrepreneurs	 in	

different	parts	of	the	main	island	began	electrifying	

the	country	–	those	in	the	Tokyo	area	purchased	HVAC	

generators	made	in	Germany	(50Hz)	while	businesses	

in	 Osaka	 installed	 60Hz	 generators	 brought	 from	

the	 United	 States	 (FEPC,	 2018). After	 the	 nation-

wide	 electrification	 had	 been	 accomplished,	 the	

country	ended	up	with	two	separate	grids	of	different	

frequencies.	Frequency	converter	facilities	with	four	

HVDC	interconnections	of	1.2GW	transmission	capacity	

have	been	installed	to	connect	the	two	grids,	but	this	

Figure 28 _ High-voltage power grid of Japan

Source: The Federation of Electric Power Companies of Japan
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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interconnection	has	proven	insufficient	for	providing	

power	in	case	of	a	power	shortage	in	one	of	the	grids,	as	

happened	in	the	aftermath	of	the	Fukushima	accident.	It	

was	planned	to	strengthen	the	east-west	grid	connection	

and	expand	the	transmission	capacity	to	2.1	GW	by	fiscal	

year	2020.

Currently,	only	the	10	EPCOs	are	allowed	to	engage	

in	 transmitting	 electricity	 to	 general	 consumers	 in	

their	respective	service	areas.	Other	companies	that	

operate	transmission	lines	connecting	the	power	plants	

and	the	transmission	grid	as	well	as	the	lines	for	power	

distribution,	are	required	to	obtain	approval	from	METI	

to	supply	electricity.	In	line	with	the	final	stage	of	the	

current	market	reform,	transmission	and	distribution	

segments	 are	 fully	 unbundled	 from	 a	 vertically	

integrated	business	(REI,	2017).

Electricity trade, transmission and distribution

Transmission	 and	 distribution	 of	 power	 in	 Japan	 is	

dominated	by	ten	EPCOs.	Historically,	these	EPCOs	

have	been	vertically	integrated,	but	legal	unbundling	

was	to	be	introduced	in	2020.

The	wholesale	electricity	trade	is	organized	by	the	Japan	

Electric	Power	Exchange	(JPEX)	platform	within	four	

mechanisms	–	spot	market,	forward	market,	intra-day	

market	and	the	bulletin	board	trading	market,	the	latter	

being	introduced	to	enable	trading	of	Kyoto	Mechanisms	

credits	(not	traded	since	autumn	2018)	as	well	as	“green	

electricity”,	also	for	non-members	of	JPEX.

Since	March	2016,	 the	retail	market	has	been	 fully	

liberalized.	All	entities	registered	as	electricity	retailers	

are	now	allowed	to	provide	electricity	to	the	so-called	

“low-voltage”	consumers,	that	were	previously	supplied	

exclusively	by	EPCOs	under	a	monopolistic	arrangement.	

Full	liberalization	has	attracted	many	operators,	and	

as	 of	 January	 2020,	 634	 retail	 suppliers	 had	 been	

registered.	This	newly	gained	diversity	of	suppliers	has	

provided	consumers	with	new	options,	including	CO
2
-

free	electricity	supplies,	loyalty	schemes	etc.	(JEPIC,	

2019).	The	regulated	rates	were	originally	planned	to	

be	eliminated	in	2020,	when	the	final	stage	of	market	

reform	would	be	completed.	Nonetheless,	they	remain	

in	place	as	a	transitional	measure	until	the	retail	market	

becomes	fully	competitive.

In	 order	 to	 encourage	 further	 competition	 in	 the	

wholesale	 and	 retail	 markets,	 the	 Government	 is	

planning	 to	 create	 new	 market	 mechanisms.	 The	

baseload	 power	market	 and	 non-fossil	 fuel	 trading	

market	have	already	 started	 functioning,	while	 the	

capacity	market	has	been	 introduced	with	 the	first	

auction	in	July	2020	(Hasegawa,	2020)).	The	balancing	

market	is	currently	set	to	be	partially	functioning	in	fiscal	

year	2021	(OCCTO,	2020).

Regulatory framework for foreign businesses

The	regulations	for	foreign	investments	in	the	electricity	

sector	were	 tightened	 in	2019,	when	the	Japanese	

Diet	passed	the	revision	of	the	Foreign	Exchange	and	

Foreign	Trade	Act.	If	a	foreign	company	intends	to	obtain	

a	share	of	more	than	1%42	of	the	shares	of	a	company	

in	one	of	twelve	strategic	sectors	(one	of	them	being	

electricity)	registered	with	the	METI,	that	company	will	

be	eligible	to	obtain	transmission	services;	however,	the	

investment	will	need	approval	by	METI	and	the	Ministry	

of	Finance.	Should	the	foreign	investment	be	considered	

as	impairing	national	security,	public	safety	and	order	or	

Japanese	economy,	the	investment	may	not	take	place.	

In	 the	 renewable	 power	 generation	 sector,	 the	

Government	usually	does	not	become	involved	with	

acquisitions	of	interests,	and	many	foreign	companies	

are	active	in	Japan	since	the	introduction	of	FIT	in	2012,	

among	them	being	the	Korea	Electric	Power	Corporation	

(KEPCO)	and	Shanghai	Electric,	the	subsidiary	of	CSGC.

There	 are	 no	 regulations	 for	 import	 and	 export	 of	

electricity,	since	Japan	has	no	interconnections	with	

its	neighbouring	countries.

Government policy

The	 fifth	 and	 most	 recent	 Strategic	 Energy	 Plan,	

adopted	in	July	2018,	re-established	the	Government’s	

basic	goals	of	the	“3Es”	–	energy	security,	economic	

efficiency	and	environmental	acceptability,	together	

with	a	fourth	goal	of	safety,thus	completing	a	“3Es+S”	

approach.	Safety	of	the	power	system	has	become	a	

particularly	hot	topic,	given	the	new	safety	approach	

towards	nuclear	generation,	but	also	in	the	face	of	the	

risks	 faced	by	 renewable	generation	 facilities	 from	

42	 The	previous	version	of	the	law	set	a	10%	threshold	(see	Nikkei,	
2019).
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frequent	natural	disasters.43It	further	sets	forth	a	policy	

of	 reducing	Japan’s	 fossil	 fuel	dependence	 through	

energy	conservation.	It	also	aims	to	increase	the	share	

of	renewables	in	Japan’s	power	generation	mix	to	around	

22%-24%	by	2030	(JEPIC,	2020).

The	FIT	resulted	in	the	rapid	expansion	of	renewable,	

and	 in	 particular,	 solar	 generation	 capacities,	 and	

contributed	to	a	greater	burden	for	consumers	who	

have	 to	 pay	 a	 surcharge	 to	 cover	 the	 difference	

between	 conventional	 power	 generation	 and	

electricity	from	renewable	energy	sources	(Kimura,	

2017).	 Consequently,	 in	 2020,	 the	 Government	

planned	to	abolish	fixed	pricing	for	large-scale	wind	

and	solar	generation	facilities,	and	instead	to	develop	

a	competitive	bidding	system	to	keep	electricity	costs	

down	(Nikkei	Asian	Review,	2019).

In	 view	of	 Japan’s	 low	energy	 self-sufficiency	 ratio	

as	well	as	the	need	to	reduce	the	nation’s	emissions	

of	greenhouse	gases,	the	fifth	Strategic	Energy	Plan	

identifies	 nuclear	 power	 as	 an	 important	 baseload	

power	source	and	sets	a	target	for	its	share	of	the	2030	

energy	mix	at	20%-22%.	Despite	security	concerns,	

nuclear	power	generation	is	viewed	as	“an	option	for	

decarbonization	that	is	at	the	practical	stage”	(METI,	

2018a).

Increasing	the	reliability	of	 the	transmission	grid	 is	

another	major	priority	according	to	the	development	

strategy	up	until	2030.	Central	tasks	are	strengthening	

interconnections	between	two	frequency	zones	as	well	

as	enhancing	interconnections	between	the	different	

islands	of	Japan,	in	particular	between	the	northern	

i	Hokkaido	and	the	Tohoku	area	on	the	main	 island	

Honshu.	 Hokkaido	 has	 the	 highest	 wind	 resource	

potential	in	the	country	and	expansion	of	transmission	

capacity	would	be	necessary	to	supply	the	electricity	

from	Hokkaido’s	wind	power	plants	to	the	Tokyo	area,	

the	country’s	main	load	centre.

Finally,	initiatives	to	foster	the	development	of	hydrogen	

technologies	are	given	high	priority	in	the	Government’s	

energy	strategy.	Expansion	of	transmission	lines	alone	

is	considered	an	insufficient	measure	to	give	the	power	

system	the	desired	flexibility	for	further	integration	of	

43	 For	example,	as	a	result	of	the	torrential	rainfall	that	struck	
western	Japan	and	typhoons	in	2018	and	2019,	solar	panels	
were	blown	away,	immersed	in	water	or	dislodged.	The	2019	
typhoon	Hagibi	caused	considerable	damage	to	the	power	grid,	
resulting	in	power	outages	in	the	Tokyo	area.

variable	renewable	energy	electricity.	Therefore,	one	of	

Japan’s	strategic	goals	in	the	medium	term	is	developing	

new	storage	technologies,	with	the	primary	focus	on	gas	

and	hydrogen	(METI,	2018b).

Expanding	Japan’s	grid	reliability	by	connecting	it	to	

neighbouring	nations	has,	until	now,	not	been	considered	

as	 a	 strategic	option.	To-date,	 Japan	has	no	official	

policy	regarding	cross-border	interconnections	and	

the	possibility	of	power	imports/exports;	judging	by	the	

statements	made	by	government	officials,	it	has	not	yet	

been	considered	as	a	high-priority	issue.

Mongolia

Key data 

Installed	capacity	(2018),	1.1 GW

Total	gross	electricity	generation	(2017),	6,027 GWh

Electricity	generation	mix	by	type	of	generation	(2018):	

Domestic	generation	–	coal (88.8%), oil (4.6%), wind 

(5.1%), solar (0.5%) and hydro (1%). Imports, 18.8%

Electricity	consumption	by	sector	(2018)	–	industry 

(61.98%), residential (23.96%), agriculture (1%), losses 

(12%) (IEA,	2020)

Mongolia	 is	 the	 seventh	 largest	 but	 least	 densely	

populated	country	on	Earth,	and	the	combination	of	a	

large	geographic	area,	relatively	small	population	and	

outdated	infrastructure	has	led	to	the	development	of	an	

energy	system	that	suffers	from	significant	transmission	

and	generation	inefficiencies	(Tsevegmid,	2005;	ADB,	

2010).	The	total	installed	generation	capacity	is	1.1	GW,	

of	which	only	about	70%	can	be	used	due	to	ageing	of	the	

facilities	that	to	a	large	extend	date	back	to	the	Soviet	

era.	There	is	no	unified	power	system,	but	there	are	five	

independent	EPSs:	Central	(CEPS),	West	(WEPS),	South	

Electric	Power	System	(SEPS),	Altai-Uliastai	(AUEPS)	

and	East	(EEPS).	In	the	reform	process	since	1990,	and	

in	particular	after	introduction	of	the	new	Energy	Law	

in	2011,	the	power	sector	has	been	unbundled	into	

generation,	district	heating,	dispatching,	transmission	

and	distribution	companies,	most	of	which	are	state-

owned.	Among	other	institutions,	the	Energy	Regulatory	

Commission	(Energy	Regulatory	Authority	until	2011)	

has	been	established	as	an	 important	step	towards	

creating	an	independent	regulatory	mechanism	(ESCAP,	

2005).
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Generation

Central	EPS,	the	system	that	supplies	the	country’s	main	

load	centre	Ulaanbaatar,	covers	about	60%	of	Mongolia’s	

territory	and	92.6%	of	installed	generation	capacities.	

In	the	structure	of	Mongolia’s	generating	capacities,	the	

co-generation	plants	account	for	92.15%,	condensing	

power	plants	(Ukhaa-Khudag	TPP)	fired	by	brown	coal	

make	up	1.54%,	wind	turbines	–	4.3%;	hydro	power	

plants	(HPP)	–	1.97%,	and	solar	power	plants	–	0.04%	

(Batmunkh	et	al.,	2018).

Coal	is	the	dominant	fuel	for	power	generation	and,	

despite	the	country’s	enormous	renewable	potential,	is	

likely	to	remain	so	in	the	mid-term	for	Mongolia’s	power	

system.	A	number	of	factors	have	prevented	the	large-

scale	development	of	Mongolia’s	renewable	energy	

potential,	among	them	the	small	scale	of	energy	demand,	

which	is	unable	to	justify	creating	new	infrastructure	

to	support	its	renewable	energy	resources,	the	remote	

location	of	solar	and	wind	resources	with	most	potential	

and	lack	of	funds	for	the	needed	grid	expansion.

Nevertheless,	renewable	energy	sources	play	a	key	role	

in	decentralized	power	generation.	A	significant	share	

of	decentralized	electricity	demand,	i.e.,	consumers	not	

covered	by	the	grid,	has	been	satisfied	by	the	“100,000	

Solar	 Ger	 Electrification	 Programme”,	 launched	 in	

2000	by	the	Government	of	Mongolia	with	assistance	

from	the	World	Bank,	Global	Environment	Facility,	the	

International	Development	Association	as	well	with	a	

grant	from	the	Government	of	the	Netherlands.	Under	

the	 programme,	 nomadic	 herders	 that	 account	 for	

about	30%	of	Mongolia’s	population	were	encouraged	

to	purchase	solar	home	systems,	whereas	a	cost-sharing	

mechanism	would	cover	roughly	half	of	the	total	expense	

(WB,	2013).	The	project	not	only	covered	about	60-

70%	of	nomadic	herders	with	access	to	electricity	but	

contributed	to	capacity-building	through	training	of	

about	400	people	in	implementing	renewable	projects	

and	policies.

The	total	installed	generation	capacity	would	have	been	

sufficient	to	satisfy	the	domestic	energy	demand,	but	

due	to	its	partial	inefficiency	about	20%	of	consumed	

electricity	 has	 to	 be	 imported	 from	 the	 Russian	

Federation	and	China.

The	power	flows	in	Mongolia	are	directed	towards	three	

main	load	centres,	the	cities	of	Ulaanbaatar,	Erdenet	and	

Darkhan,	where	70%	of	the	population	is	concentrated.	

Expansion	of	transmission	lines	to	increase	reliability	of	

power	supply	in	these	urban	centres	and	to	reduce	the	

risk	of	power	shortages	is	another	policy	priority.

Transmission

Mongolia’s	 transmission	 grid	 is	 composed	 of	 high-

voltage	(220kV,	110	kV,	35kV)	and	low-voltage	(0.4	kV,	

6	kV,	10	kV)	overhead	transmission	lines;	however,	the	

operation	of	the	110	and	35	kV	transmission	lines	is	

often	problematic	due	to	their	excessive	length.	Due	to	a	

poorly	informed	technological	policy	in	the	late-1990s,	a	

number	of	ultra-long	lines	with	voltage	up	to	110kV	have	

been	constructed,	some	of	them	covering	a	distance	of	

up	to	1,000	km	(Batmunkh	et	al.,	2018).	Transmission	

over	such	long	distances	usually	requires	either	much	

higher	voltage	or	a	number	of	substations	to	avoid	major	

transmission	losses	and	ensure	effective	operation	of	the	

grid.	Both	solutions	are	under	discussion	and	increasing	

the	efficiency	of	the	grid	is	one	of	the	current	policy	

priorities.

Distribution and electricity trade

Electricity	is	supplied	through	three	centralized	power	

grids	and	two	isolated	systems,	including	CES	(Central	

Energy	System),	EES	(the	Eastern	Energy	System),	WES	

(the	Western	Energy	System),	Dalanzhadgad	system	and	

Zhavhanand	Gobi-Altai	aimags	system.

Electricity	trading	and	distribution	is	conducted	through	

the	so-called	Single	Buyer	Mode	that	has	been	in	place	

in	the	Central	EPS	since	2002.	Under	this	model,	Single	

Buyer	purchases	electricity	from	the	five	CHP	power	

plans	operating	in	the	Central	EPS	as	well	as	electricity	

imported	from	the	Russian	Federation,	and	sells	it	to	the	

10	electricity	distribution	companies.	In	addition,	spot	

and	auction	markets	are	in	place	in	the	CES.

The	Mongolian	Renewable	Energy	Law,	in	place	since	

2007,	was	amended	in	2019	and	theoretically	provides	

a	range	of	preferential	feed-in-tariff	rates	for	electricity	

generated	from	renewable	energy	sources.	The	exact	

prices	are	negotiated	between	the	generation	facilities	

and	the	Mongolian	Energy	Regulatory	Association	and	

are	guaranteed	for	the	following	10	years.	However,	

given	heavy	subsidization	of	coal-generated	electricity,	

the	FIT-mechanism	i,	in	fact	ineffective,	since	no	fuel	

source	 can	be	 cost-competitive	 against	 coal	 in	 this	

environment	(Borgford-Parnell,	2011).
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Regulatory framework for foreign businesses

Mongolia	signed	and	ratified	the	Energy	Charter	Treaty	

in	 1999.	 Consequently,	 foreign	 investments	 in	 the	

energy	sector	are	protected	through	such	mechanisms	

as	 national	 treatment,	most	 favourable	 nation	 and	

fair	equitable	treatment,	and	are	protected	against	

expropriation	and	nationalization.	In	practice,	however,	

state	monopolies	restrict	access	by	private	companies	

(both	Mongolian	and	foreign)	to	the	electricity	sector	

(production,	transmission	and	distribution)	(UNCTAD,	

2013).	

When	it	comes	to	the	deployment	of	renewables,	the	

environment	for	foreign	participation	is	quite	favourable,	

given	the	complete	exemption	of	all	equipment	(and	

its	parts)	used	for	renewable	power	generation	and	

research	from	duties	and	taxes	under	the	Customs	Duty	

and	Value	Added	Tax	Laws	of	Mongolia.

Government policy

Mongolia	developed	its	first	Master	Plan	for	the	energy	

sector	 in	 1995	with	ADB	 technical	 assistance.	 The	

Master	Plan	reflects	the	main	priorities	in	the	energy	

sector	and	was	updated	in	2001	and	2013.	Priorities	in	

the	electricity	sector	are	stated	in	the	Programme	on	

Integrated	Power	System	of	Mongolia,	a	document	first	

adopted	in	2001	by	the	Parliament	(State	Great	Khural)	

and	updated	in	2007	and	2015.

The	 Government	 of	Mongolia	 seeks	 to	 establish	 a	

reliable	power	system	to	meet	its	growing	domestic	

electricity	demand.	According	to	the	Ministry	of	Energy,	

Mongolia’s	 energy	 goals	 are	 to	 improve	 base	 load	

generation	and	energy	storage,	explore	opportunities	

for	 combined	 heat	 and	 power	 (CHP),	 and	 increase	

energy	efficiency	and	conservation	(Export	Solutions,	

2017).	 The	 central	 priorities	 for	 the	 Government	

include	 financial	 self-sufficiency,	 energy	 efficiency,	

rural	electrification,	gradual	privatization	of	generation	

and	distribution	companies	and	establishment	of	an	

integrated	power	system	by	interconnecting	Central	

EPS	 and	West	EPS	with	 an	 high-voltage	 electricity	

transmission	line.

Given	the	high	levels	of	urban	air	pollution	caused	by	

widespread	usage	of	coal	for	heating	in	the	suburbs	

Figure 29 _ Power grid of Mongolia

Source: Ministry of Energy, Government of Mongolia
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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of	 Ulaanbaatar,	 one	 of	 the	 primary	 policy	 goals	 is	

promoting	the	electricity	heating	system	in	residential	

areas.	In	addition,	as	a	short-term	measure,	subsidies	

are	provided	for	clean	stoves	for	the	poorest	groups	of	

the	population	that	relies	on	raw	coal	firing	stoves	for	

cooking	and	heating.

In	the	medium	term,	Mongolia	aims	to	exploit	its	vast	

renewable	energy	resources	and	to	increase	the	share	

of	renewable	generation	by	supporting	construction	

of	new	renewable	generation	facilities.	In	June	2015,	

the	Parliament	adopted	the	State	Policy	in	the	Energy	

Sector,	 which	 sets	 as	 a	 strategic	 goal	 increasing	

renewable	 energy	 as	 a	 percentage	 of	 Mongolia’s	

overall	power	capacity	to	20%	by	2020	and	to	30%	by	

2030	(EBRD,	2018).	Policy	instruments	supporting	the	

deployment	of	renewables	and	a	competitive	electricity	

market	are	planned	to	be	introduced	until	2030	by	the	

State	Policy	on	Energy	Sector,	among	them	privatization	

of	the	generation	and	distribution	sectors,	introducing	

new	pricing	mechanisms	(State	Policy	on	Energy	Sector,	

2015)	as	well	as	by	the	latest	revision	of	the	Renewable	

Law	(2019).	

One	of	 the	major	policy	directions	under	 the	State	

Policy	 on	 Energy	 Sector	 is	 cooperation	 with	 the	

neighbouring	countries	and	international	organizations	

on	enhancing	cross-border	electricity	trade	(State	Policy	

on	Energy	Sector,	2015).The	Government	of	Mongolia	

actively	 supports	 the	 idea	 of	 constructing	 Gobitec	

and	connecting	the	country	to	its	neighbours	by	the	

Asia	Supergrid,	 thus	enabling	renewable	electricity	

exports	to	consumers	in	the	Russian	Federation,	the	

Republic	of	Korea,	Japan,	and	China	(Erdenechuluun,	

2014).	Another	major	project,	which	has	been	discussed	

since	 2017,	 is	 the	 North-East	 Asia	 Power	 System	

Interconnection	(NAPSI).	Work	on	the	NAPSI	project	

involves	 a	multilateral	 cluster	 of	 stakeholders	 that	

includes	government-linked	organizations,	academia,	

research	 and	 engineering	 institutions,	 think-tanks,	

private	sector	companies,	international	organizations,	

and	power	utility	and	grid	companies,	and	is	guided	by	

ESCAP	and	ADB.	In	its	first	stage,	the	NAPSI	project	

foresees	development	of	5	GW	of	renewable	energy	

generation	capacity	in	Mongolia	by	2026,	accompanied	

by	 the	 construction	 of	 several	 transmission	 lines	

interconnecting	 Mongolia,	 China	 and	 the	 Russian	

Federation,	Republic	of	Korea	and	Japan.	Further	steps	

include	enhancing	 the	 transmission	capacity	of	 the	

interconnectors	as	well	as	deploying	further	renewable	

generation	capacities	ranging	from	10	GW	to100G	W	

by	2036	(Lienhart,	2018).	

While	 the	 above-mentioned	 projects	 are	 primarily	

focused	 on	 electricity	 exports	 and	 do	 not	 require	

fundamental	 changes	 in	 Mongolia’s	 regulatory	

framework,	 large-scale	 distribution	 of	 renewable	

electricity	to	the	domestic	market	would	additionally	

require	abolishing	coal	subsidies	and	would	in	the	short	

term	result	in	the	increase	of	retail	electricity	prices.

Finally,	the	development	of	energy	storage	systems	is	

being	considered	as	one	strategic	option	to	enable	the	

increase	of	Mongolia’s	renewable	energy	capacity.	In	

April	2020,	the	Government	of	Mongolia	has	secured	a	

$100	million	loan	from	the	ADB	to	install	its	first	large-

scale	advanced	battery	energy	storage	system.	The	

project,	co-financed	by	the	Government	of	Mongolia	

($11.95	million)	 and	 the	Government	 of	 Japan	 ($3	

million),	is	due	for	completion	in	2024	and	will	support	

the	integration	of	an	additional	859	GWh	of	renewable	

electricity	into	Mongolian	power	grid	(ADB/EDF,	2019).

Republic of Korea

Key data

Installed	capacity,	(2018),	123.096 GW

Total	gross	electricity	generation	(2018),	593.407 TWh

Electricity	generation	mix	(2019	–	coal 40.32%, natural 

gas 26.04%, nuclear 25.1%, oil 2.52%, solar PV 2.24%, 

biofuels 1.57%, hydro 1.07%, wind: 0.46%, waste: 

0.19%, tide: 0.08%, other: 0.41%

Peak	demand	(2018),	92.5 GW

Average	load	(2018),	65 GW

Electricity	consumption	by	sector	(2018)	–	industry 

52.4%, commercial and public services 31.2%, 

residential 12.7%, agriculture/forestry 2.5%, fishing 

0.6% and transport 0.5%

Since	1999,	the	Government	of	the	Republic	of	Korea	

has	 implemented	 policy	 initiatives	 to	 liberalize	 the	

country’s	 electric	 power	 industry.	 As	 part	 of	 these	

initiatives,	 in	 the	 early	 2000s,	 the	 Government	

established	the	Korea	Power	Exchange	(KPX)	in	order	

to	enable	wholesale	electricity	trading.	It	also	started	to	

unbundle	the	generation	sector	by	dividing	the	state-

owned	Korea	Electric	Power	Corporation	(KEPCO)	into	

subsidiary	companies.	As	a	result	of	a	political	backlash	
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in	the	early	2000s,	further	liberalization	initiatives	have	

been	suspended	and	the	electric	power	market	consists	

of	both	partly	liberalized	and	centralized	segments.	

The	government	institutions	in	the	Korean	electricity	

sector	are	the	Ministry	of	Trade,	Industry	and	Energy	

of	Korea	(MOTIE)	with	its	Korea	Energy	Regulatory	

Commission	(KOREC)	and	Korea	Energy	Agency	(KEA).	

According	to	the	Electric	Utility	Act,	as	the	key	piece	

of	legislation	for	the	Korean	power	sector,	MOTIE	is	

responsible	 for	 overseeing	 comprehensive	 policies	

for	demand	and	supply	of	energy,	including	renewable	

energy	policies,	and	for	delivering	an	Energy	Master	

Plan.	This	plan	is	revised	and	re-implemented	every	five	

years	over	a	period	of	20	years,	with	the	most	recent	

being	the	Third	Energy	Master	Plan	(2019-2040).	The	

biannually	revised	Basic	Plan	for	Long-Term	Electricity	

Supply	and	Demand	(the	ninth,	for	2019-2033)	is	a	

central	legislation	specifically	for	the	power	sector	and	

serves	as	a	framework	for	the	national	electricity	supply	

and	demand	strategies	for	the	next	15	years.

Generation

The	Republic	of	Korea’s	electricity	industry	is	dominated	

by	the	Korea	Electric	Power	Corporation	(KEPCO),	a	

state-owned	 electricity	 supply	 company	 that	 was	

created	 in	 1961	 as	 a	 result	 of	 consolidating	 three	

state-owned	companies	–	one	in	charge	of	generation	

and	transmission	and	the	two	others	responsible	for	

distribution	and	sales.	In	April	2001,	the	generation	

sector	 of	 KEPCO	was	 split	 up	 into	 six	 structurally	

separate	 generation	 companies:	 Korea	 South-East	

Power	Co.	 Ltd.	 (KOSEPCO),	 Korea	Midland	 Power	

Co.	Ltd.	 (KOMIPO),	Korea	Western	Power	Co.	Ltd.	

(KOWEPO),	Korea	Southern	Power	Co.	Ltd.	(KOSPO),	

Korea	East-West	Power	Co.	Ltd.	(KEWESPO)	and	Korea	

Hydro	&	Nuclear	Power	Co.	Ltd.	 (KNHP).	Although	

privatization	 of	 these	 companies	 was	 originally	

planned,	they	remained	wholly-owned	subsidiaries	of	

KEPCO	after	the	liberalization	process	was	suspended	

in	2003.	As	of	2019,	the	power	generation	industry	

in	 the	 Republic	 of	 Korea	 consisted	 of	 six	 KEPCO	

generation	subsidiaries	and	17	 independent	power	

producers	(excluding	renewable	energy	producers).	

KEPCO’s	subsidiaries	generate	the	major	portion	of	

electricity	in	the	country	and,	as	of	the	end	of	2018,	

held	approximately	73%	of	the	total	installed	generation	

capacity	(Export	Solutions,	2019).	Local	independent	

power	producers	accounted	for	27%.

Transmission

The	Republic	of	Korea’s	transmission	network	has	a	

frequency	of	60	Hz	and	is	approximately	31,250	km	long,	

including	835	km	of	765	kV	lines,	8,653	km	of	345	kV	

lines	and	21,530	km	of	154	kV	and	below	lines.	Most	

transmission	lines	in	the	country	have	a	voltage	of	154	

kV,	but	transmission	voltages	can	be	154	kV	or	66	kV	

for	local	networks;	however,	many	of	these	smaller	lines	

are	now	being	replaced	(IEA,	2012).	Transmission	lines	

tend	to	run	from	the	north-western	and	south-eastern	

coastal	regions,	where	much	of	the	generating	capacity	

is	located,	to	major	urban	and	industrial	centres	in	the	

north-west.	Jeju	Island	is	connected	to	the	mainland	by	

submarine	HVDC	cables.

In	order	to	provide	transmission	services,	a	company	

must	receive	a	transmission	business	licence	from	the	

Ministry	of	Trade,	 Industry	and	Energy.	So	 far,	only	

KEPCO	has	been	granted	such	a	licence	and	therefore	

has	a	monopoly	on	the	national	transmission	line.	

Distribution

Similar	to	the	transmission	licences,	a	licence	allowing	

engagement	in	the	distribution	business	can	only	be	

granted	by	the	Ministry	of	Trade,	Industry	and	Energy.	

Apart	from	KEPCO,	no	distribution	business	has	been	

granted	such	a	licence	so	far.	

The	Republic	of	Korea	 is	divided	 into	14	electricity	

supply	 zones.	 Community	 energy	 suppliers	 are	

responsible	for	the	supply	of	electricity	in	certain	areas.	

A	community	energy	supplier	is	a	government-	licensed	

power	producer	who,	for	purposes	of	distributed	power	

generation,	possesses	Combined	Cycle	Gas	Turbine	

(CCGT)	power	plants	that	run	on	LNG,	and	distribution	

facilities	in	a	certain	area.	Such	suppliers	generate	power	

and	heat,	and	supply	customers	within	that	area	(IEA,	

2012).

Under	 the	 Act	 on	 Construction	 and	 Facilitation	 of	

the	Use	of	Smart	Grids,	introduced	in	May	2011,	the	

Government	is	in	charge	of	developing	and	implementing	

a	five-year	plan	for	constructing	and	facilitating	the	use	

of	smart	grids.	Research	and	development	funds	may	be	

accessible	for	developers	of	smart	grid	technologies,	

depending	on	the	Government’s	budget.

The	wholesale	power	trade	is	being	conducted	at	the	

KPX,	which	determines	the	wholesale	electricity	prices	
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Figure 30 _ Republic of Korea power grid

Source: KEPCO
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.
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based	on	two	markers,	the	system	marginal	price	and	the	

capacity	payment,	whereas	a	price	cap	is	being	imposed	

on	electricity	from	base-load	generating	facilities,	such	

as	coal	and	nuclear	power	plants	(KPX,	2020).	The	tariffs	

for	retail	electricity	supply	are	determined	by	KEPCO	

and	they	vary	depending	on	several	factors,	including	

the	voltage	of	the	transmission,	the	season	and	time	of	

supply.	Retail	tariffs	also	vary,	depending	on	the	so-called	

usage	category,	of	which	KEPCO	has	established	nine:	

general;	residential;	educational;	industrial;	agricultural;	

street	lighting;	midnight	power;	electric	vehicle;	and	

demand	management	optional.

Regulatory environment for foreign businesses

Foreign	investments	in	power	generation	sector,	except	

nuclear	generation,	are	permissible	if	the	total	amount	

of	installed	capacities	acquired	by	foreign	investors	from	

KEPCO	or	its	subsidiaries	is	not	more	than	30%	of	the	

total	installed	domestic	capacity.	Foreign	investment	

in	nuclear	generation	is	prohibited.	Investment	in	the	

transmission	and	distribution	sectors	isdifficult	as	they	

are	dominated	by	a	state-owned	company	that	has	a	

ceiling	of	a	maximum	number	of	shares	acquired	(3%)	

by	any	private	investor,	domestic	or	foreign.

As	 the	 Republic	 of	 Korea	 has	 no	 cross-border	

interconnections	and	does	not	conduct	cross-border	

trade	in	electricity,	there	are	no	provisions	regulating	

electricity	imports	or	exports.

Government policy in the electricity sector

Due	to	rising	public	concern	over	air	pollution	in	the	

Republic	of	Korea	as	well	as	over	safety	issues	regarding	

nuclear	power	generation	–	the	latter	resulting	from	

the	Fukushima	Daichi	nuclear	disaster	–	the	current	

Government	aims	to	substitute	a	large	share	of	coal-

fired	power	plants	with	LNG	and	renewable	energy	

sources.	In	addition,	it	plans	to	reduce	the	country’s	

dependency	on	nuclear	energy.	The	concrete	measures	

proposed	under	the	Eighth	Basic	Plan	for	Long-Term	

Electricity	Supply	and	Demand,	2017-2031	include	

closure	of	10	coal-fired	power	plants	aged	30	years	or	

more	until	2022,	conversion	of	the	coal-fired	power	

plants	currently	under	construction	 into	LNG-fired	

power	plants	as	well	as	the	plan	to	refuse	issuance	of	

a	licence	for	new	nuclear	power	plant	projects	(Yi	and	

Chin,	2018).	

Extensive	deployment	of	renewable	energy	is	the	central	

piece	of	the	current	administration’s	policy	that	aims	to	

increase	the	share	of	renewable	energy	in	electricity	

generation	from	around	5%	to	20%	by	2030,	and	to	

30%-35%	by	2040.	Several	incentives	to	promote	the	

development	of	 renewable	energy	generation	have	

been	introduced,	and	several	more	are	planned	under	

the	current	energy	strategy.	Expansion	of	renewable	

generation	facilities	has	been	supported	by	some	tax	

incentives	as	well	as	the	Feed-in-Tariff	policy	introduced	

in	2001.	In	2012,	the	Feed-in-Tariff	mechanism	was	

replaced	by	the	Renewable	Portfolio	Standard	(RPS)	

policy	with	the	goal	of	creating	a	competitive	market	

environment	for	the	renewable	generation	sector.	Under	

the	RPS	programme,	the	21	largest	power	companies44 

are	required	to	increase	their	renewable	energy	mix	in	

total	power	generation,	either	by	investing	in	renewable	

energy	facilities	or	by	purchasing	Renewable	Energy	

Certificates.	 The	 required	minimum	 for	 renewable	

generation	was	set	at	2%	in	2012	and	will	be	increased	

to	10%	by	2023.45	Furthermore,	a	new	type	of	Feed-in	

Tariff	has	been	proposed	as	a	future	incentive	for	small	

renewable	energy	projects	(Lee/MOTIE	2018).

The	 Eighth	 Basic	 Plan	 has	 a	 particular	 focus	 on	

restructuring	the	transmission	segment	to	adjust	it	to	

the	future	energy	mix.	The	following	strategies	should	

direct	the	future	development	of	transmission	grids:

1.	 Enhancing	system	capacity	and	promoting	renewable	

generation.	The	measures	include	reinforcing	the	

national	 grid	 interconnections	 to	 enable	 total	

installed	 renewable	 generation	 capacity	 to	 be	

integrated	 into	the	grid,	and	the	 introduction	of	

better	 control	 systems	 and	 new	 transmission	

technologies	(e.g.,	flexible	AC	transmission	systems)	

for	 more	 efficient	 operation	 of	 the	 grid.	 In	 the	

medium	term,	proactive	expansion	of	transmission	

and	conversion	facilities	on	sites	where	renewable	

generation	is	expected	to	be	particularly	intensive,	

and	the	introduction	of	a	70kV	voltage	standard	

for	 small	 substations	 for	 distributed	 renewable	

generation.

2.	 Improving	the	stability	of	the	power	system	through	

timely	installations	of	transmission	facilities	and	

compensatory	measures	in	the	case	of	construction	

44	 With	installed	power	capacity	over	500	MW.
45 https://www.iea.org/policiesandmeasures/pams/korea/name-

39025-en.php?s=dHlwZT1yZSZzdGF0dXM9T2s&s=dHlwZT1yZSZzdG
F0dXM9T2s.
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delays	 (e.g,.	 alternative	 installations	 etc.).	 In	

particular,	construction	of	the	transmission	lines	

for	newly	commissioned	power	plants	should	be	

completed	in	time.

3.	 Achieving	 a	 higher	 acceptance	 rate	 for	 the	new	

transmission	 construction	 projects.	 To	 address	

growing	 public	 objections	 towards	 newly	

commissioned	overhead	transmission	lines,	which	

have	several	times	prevented	the	development	of	

new	generation	capacities,	the	Government	plans	

to	focus	on	underground	installation	of	transmission	

lines	in	populated	areas.	In	addition,	HVDC	lines	

will	be	used	for	long-distance	transmission,	since	

they	 require	 less	 space	 and	 have	 less	 impact	

on	 the	 environment.	 Further	 measures	 include	

governmental	 support	 for	 areas	 located	 near	

transmission	lines	and	facilities,	and	the	inclusion	

of	residents	in	the	site	selection	process.

4.	 Overcoming	 the	 limitations	 of	 the	 independent	

power	 system	 through	 the	 construction	 of	

the	 North-East	 Asia	 Super	 Grid,	 consisting	 of	

interconnections	between	the	Republic	of	Korea,	the	

Russian	Federation,	China	and	Japan.	The	Republic	

of	Korea	is,	so	far,	the	only	country	in	the	region	

that	has	expressed	its	interest	in	a	regional	power	

grid	interconnection	in	its	official	Energy	Strategy	

(MOTIE,	2017).	Among	the	newest	developments	

in	this	direction	has	been	the	agreement	between	

Chinese	 (State	 Grid	 of	 China	 Corporation	 and	

GEIDCO)	and	Korean	(KEPCO)	stakeholders	on	the	

joint	development	of	China-Republic	of	Korea	power	

interconnection	in	late-2017.	A	Joint	Development	

Agreement	on	this	project	was	developed	in	2019	

(signature	pending),	with	construction	planned	to	

begin	in	2022.	The	366	km,	500	kV	interconnection	

of	 2	 GW	 transmission	 capacity	 is	 supposed	 to	

connect	Weihai	and	Incheon	(KEPCO,	2019).

Russian Federation (focus on Siberia and 
Far East)

Key data

Installed	 capacity	 (2019)	 –	 243.2 GW (Russian 

Federation); 51.8 GW (Siberia), 9.6 GW (Far East) (SO	

UES,	2020a)

Total	gross	electricity	generation	(2018)	–	1,071 TWh 

(total); 205.3 TWh, 18.7% (Siberia); 11.2 TWh, 3.4% 

(Far East)

Electricity	generation	mix	by	type	of	generation	(2019)	

–	Siberia, TPP – 51.1%, HPP – 48.8%, Solar PV – 0.1%, 

Far East - TPP – 68.4, hydro- 31.6%. 

Peak demand (2018), 31.2 GW – Siberia, 5.6 GW – Far 

East

Electricity	consumption	by	sector	(Russian	Federation,	

2018)	–	industry 44.8%, residential 21.89%, commercial 

and public services 20.03%, transport 10.8%, 

agriculture/forestry 2.44% and fishing 0.04%

The	Russian	Federation	is	the	world’s	fourth	largest	

generator	 and	 consumer	 of	 electricity,	 with	 the	

majority	of	the	load	centres	and	generation	facilities	

located	in	the	European	part	of	the	country.	The	Russian	

Federation	electricity	sector	consists	of	generation,	

divided	into	wholesale	and	retail	markets,	transmission	

and	distribution.	The	country’s	power	system	is	divided	

into	 seven	 integrated	 power	 systems	 (IPSs):	 IPS-

Northwest;	IPS-Centre;	IPS-Middle	Volga;	IPS-Urals;	

IPS-South;	 IPS-Siberia;	and	IPS-East.	Together	they	

comprise	71	regional	power	systems	(SO	UES,	2020).	

All	of	the	power	systems	are	connected	by	330-750	

kV	and	220-500	KV	high-voltage	transmission	lines	

and	synchronized.	For	the	purposes	of	this	report,	this	

section	covers	the	power	systems	of	Siberia	and	the	

Russian	Far	East	–	regions	located	in	the	North-East	

Asian	 subregion	 and	 adjacent	 to	China,	 the	DPRK,	

Mongolia	and	Japan.	

Generation

The	 generation	 sector	 has	 been	 largely	 liberalized,	

with	 the	 exception	 of	 nuclear	 facilities	 that	 are	

owned	by	the	State.46	After	the	reorganization	of	the	

state-owned	monopolist	company	RAO	UES	–	which	

controlled	96%	of	transmission	and	more	than	70%	of	

generation	facilities	–	and	the	resulting	privatization	

of	thermal-generation	and	regional	power-distribution	

companies,	 seven	wholesale	 generation	 companies	

(former	subsidiaries	of	RAO	UES)	and	14	territorial	

generation	companies	entered	the	wholesale	market	

in	2008.	 In	 IPS-Siberia,	hydropower	plants	account	

for	about	50%	of	total	generation	capacity,	while	the	

other	half	is	represented	by	thermal	generation.47	In	

46	 Although	major	hydropower	plants	are	predominantly	state-
owned,	a	fair	share	pf	HPPs	in	the	Russian	Federation	are	
privately-owned,

47 https://so-ups.ru/index.php?id=oes_siberia.
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the	IPS-East,	about	32%	of	electricity	is	generated	by	

hydropower	while	the	rest	is	supplied	through	thermal	

(mainly	coal-fired)	and	co-generation	(SO	UES,	2019).	

Plans	to	introduce	a	nuclear	generation	capacity	of	1	GW	

in	the	Primorye	region	of	the	EPS-East	are	also	being	

discussed,	with	the	aim	of	covering	local	electricity	needs	

and	potentially	to	send	electricity	to	the	DPRK	and	the	

Republic	of	Korea.	 InterRAO	PJSC,	another	 former	

subsidiary	of	the	RAO	UES,	has	a	monopoly	on	import	

and	export	of	electricity	in	Siberia	and	the	Russian	Far	

East.

An	 electricity	 consumption	 decline	 caused	 a	 large	

excessive	 capacity	 in	 the	RFE	EPS,	 reaching	nearly	

40%	of	the	maximum	electric	load.	Power	generating	

capacities	are	allocated	unevenly	in	the	territory	of	

the	RFE’s	 EPS	 –	 the	 volumes	 of	 excessive	 capacity	

vary	in	the	territory.	They	are	larger	in	Amur	EPS	and	

less	in	Primorye	EPS	where	electricity	consumption	is	

highest.	Nevertheless,	the	power	generation	potential	

of	both	Siberia	and	RFE	is	being	further	developed.	

Particular	prospects	in	this	regard	are	offered	by	the	

region’s	 massive	 hydropower	 potential.	 While	 the	

technical	hydropower	potential	of	Siberia	is	used	by	

12.5%,	and	of	the	Far	Eastern	region	by	less	than	2%,	

technical	conditions	for	the	development	of	hydropower	

resources	 in	 the	 east	 of	 the	 Russian	 Federation,	

especially	in	Eastern	Siberia,	are	estimated	to	be	more	

favourable	than	in	the	rest	of	the	country	(Voropai	et	

al.,	2019).

Transmission

The	Russian	Federation’s	power	grid	is	largely	owned	

and	operated	by	Russian	Grids,	a	state-controlled	public	

joint-stock	company.	Russian	Grids	manages	2.3	million	

kilometres	of	power	lines	and	507,000	substations,	

and	 operates	 nationwide	 through	 its	 subsidiaries.	

Subsidiaries	of	Rosseti	represented	in	Siberia	and	the	

Russian	Far	 East	 are	 the	 Federal	Grid	Company	of	

Unified	Energy	System	(FGC	UES)	and	Interregional	

Distribution	 Grid	 Company	 of	 Siberia.	 They	 are	

responsible	for	the	operation	and	management	of	most	

of	the	ultra-high-voltage	(UHV)	and	high-voltage	(HV)	

lines.	Middle-	and	lower-voltage	lines	and	distribution	

grids	 are	 owned	 and	 operated	 by	 interregional	

distribution	grid	companies.

Russian	Grids	PJSC	transmits	and	distributes	power	

to	 more	 than	 70%	 of	 the	 Russian	 population	 and	

the	 industrial	 facilities	 that	 account	 for	more	 than	

60%	of	the	Russian	Federation	GDP.	The	backbone	

of	the	transmission	grid	of	 IPS	Siberia	 is	 formed	by	

transmission	lines	of	between	110	and	500	kV,	with	

total	length	of	101,288	km.	The	transmission	grid	in	the	

IPS	East	is	comprised	of	110-500kV	transmission	lines	

with	a	total	length	of	33,025	km,	whereas	the	500	kV	

transmission	lines	do	not	form	a	unified	grid.	Instead,	

there	are	two	sections	of	500	kV	transmissions	with	

a	total	length	of	nearly	1,700	km	and	with	no	linkages	

between	them;	however,	 there	are	plans	 for	 future	

interconnection.	

The	power	in	the	Russian	Far	East	EPS	transmission	

grid	flows	from	west	to	east	and	farther	south,	due	to	

the	uneven	allocation	of	electricity	consumption	and	

production	in	the	region.

Distribution and price-building mechanisms

Similar	 to	 the	 transmission	 sector,	 distribution	 is	

dominated	by	Russian	Grid	holding’s	subsidiary,	Far	

Eastern	Distribution	Company,	although	distribution	

companies	 from	the	private	sector	are	 increasingly	

emerging	in	the	market.	

On	the	wholesale	market,	electricity	can	be	 traded	

through	regulated	bilateral	agreements,	free-pricing	

mechanisms	 (among	 them	 unregulated	 bilateral	

agreements	 and	 the	 day-ahead	 market),	 and	 the	

balancing	market.	The	balancing	market	is	operated	

by	 the	system	operator	and	 is	designed	to	 react	 to	

any	potential	change	at	each	of	the	8,400	nodes	in	the	

Russian	Federation’s	power	system	(IRENA,	2017a).	

Wholesale	market	participants	are	also	obliged	to	sell	

power	on	the	retail	market	for	a	defined	volume	of	

electricity.	Furthermore,	there	is	the	wholesale	market	

for	capacity,	where	the	availability	of	each	generator	to	

provide	power	when	needed	is	traded.

After	the	reform,	two	main	price	zones	were	formed,	

namely	the	European-Russian	price	zone	and	the	Siberia	

price	zone.	In	addition,	there	are	two	non-pricing	zones	

where	prices	are	regulated	by	the	Government.	One	

of	these	zones	 is	 the	Far	East	dispatch	zone.	Three	

areas	with	 no	 transmission	 links	with	 the	 Far	 East	

dispatch	zone	(Kamchatka,	Magadan	and	Sakhalin)	are	

categorized	as	isolated.	The	electricity	price	in	these	

areas	is	regulated	and	subsidized	to	keep	it	as	low	as	

the	nation-wide	average.	There	is	no	wholesale	market	

in	these	areas	and	different	power	segments	are	not	

unbundled.	While	development	of	a	competitive	market	
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in	the	isolated	zone	is	indeed	very	difficult	and	regulated	

pricing	therefore	seems	a	reasonable	option,	lifting	the	

regulated	price	from	the	rest	of	the	Far	East	dispatch	

zone	has	been	under	discussion	in	the	recent	years.	The	

price	in	this	region	is	being	artificially	brought	below	

the	 level	of	prices	 in	 the	Central	and	Ural	dispatch	

zones,	through	cross-subsidization	and	at	the	expense	

of	 consumers	 in	 the	 European	 part	 of	 the	 Russian	

Federation,	 the	Urals	and	Siberia.	The	 share	of	 the	

cross-subsidies	is	estimated	to	exceed	2%	of	the	final	

price	in	those	regions;	given	that	this	mechanism	will	

probably	remain	in	place	at	least	until	2028	(Zhikharev	

et	al.,	2018),	measures	to	enable	a	gradual	reduction	of	

inter-territorial	subsidies	and	free	additional	funds	for	

energy	development	projects	in	the	Far	East	are	being	

currently	discussed	by	the	Government.	The	EPS	Siberia	

is	supplying	Central	and	Western	EPS	of	Mongolia	with	

electricity	through	two	220kV	transmission	lines	as	well	

as	several	10	and	110	transmission	lines	(388	MWh	in	

2018),	while	the	EPS	East	has	110	kV,	220	kV	and	500	

kV	interconnections	with	China	and	supplies	3108.9	

MWh	(SO	UES,	2019).

Regulatory environment for foreign businesses

There	are	no	direct	restrictions	on	foreign	ownership	

of	 electricity	 companies	 in	 the	Russian	Federation.	

However,	certain	restrictions	may	apply	 in	cases	of	

investments	in	companies	of	strategic	importance	(the	

transmission	companies	or	nuclear	generation	facilities	

would	both	fall	in	this	category).	In	such	cases,	State	

approval	is	required.	

Interconnection	 issues	 are	 regulated	 by	 bilateral	

agreements	on	parallel	work	of	electric	energy	systems	

concluded	between	the	market	infrastructure	bodies	

of	the	Russian	Federation	and	the	respective	country.

Imports	and	exports	of	electricity	are	regulated	on	a	

bilateral	basis	between	the	market	infrastructure	bodies	

of	the	Russian	Federation	and	the	respective	country.	

For	 example,	 electricity	 exports	 via	 cross-border	

interconnections	to	China	are	regulated	by	bilateral	

agreements.	Among	these	is	the	agreement	between	

Inter	RAO	and	CSGC,	which	is	concluded	annually,	the	

Figure 31 _ Russian Federation power grid: Siberia and the Russian Far East

Российская Федерация

Source: System Operator of the Unified Energy System (SO UPS) 
Maps of Siberia (https://energybase.ru/map/map-substations-powerplants-siberia) and Far East (https://energybase.ru/map/map-substations-powerplants-
far-east) are merged.
Disclaimer: The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the United Nations.

Appendices

107

https://energybase.ru/map/map-substations-powerplants-siberia
https://energybase.ru/map/map-substations-powerplants-far-east
https://energybase.ru/map/map-substations-powerplants-far-east


agreement	between	System	Operator	 (the	Russian	

Federation)	 and	 North-East	 China	 Grid	 Company	

(2012)	as	well	as	a	framework	of	agreements	at	the	

intergovernmental	 level,	such	as	the	China-Russian	

Federation	MoU	on	Cooperation	in	the	Sphere	of	Power	

Trade	(2018)	(China	Ministry	of	Commerce,	6/12/2018).	

Government policy in the electricity sector

Central	place	in	the	current	Russian	Energy	Strategy	

until	203048	has	been	given	to	the	development	of	the	

power	sector	of	the	Far	East	region,	which	is	intended	

to	spur	regional	economic	development	and	contribute	

to	social	welfare.	The	main	goals	in	this	region	are	the	

development	of	hydropower	generation	capacities	(1680	

MW	until	2030),	development	and	implementation	of	

energy	efficiency	mechanisms	as	well	as	expansion	of	

the	national	grid	(500kV	transmission	line)	(Otsuki	et	al.,	

2016).	Expanding	hydropower	generation	in	the	Russian	

Far	East	has	indeed	become	more	feasible	due	to	recent	

changes	 in	the	regulatory	 landscape.	These	 include	

changed	schemes	for	attracting	investments,	revision	

of	plans	for	the	development	of	industrial	production	

in	the	regions	as	well	as	additional	environmental	and	

technological	restrictions	(Voropai	et	al.,	2019).	

Development	 of	 “new”	 renewables	 (defined	 in	 the	

Strategy	as	variable	sources	such	as	solar	and	wind	

power	as	well	as	small	hydro)	is	set	as	another	important	

goal.	 The	 national	 target	 for	 renewable	 electricity	

generation	has	been	set	at2.5%	of	the	total	generation	

mix	by	2020;	however,	given	that	the	share	of	renewable	

generation	 currently	 amounts	 to	 1%,	 it	 remains	

questionable	whether	this	target	can	be	achieved	on	

time.	The	non-binding	nature	of	this	target	as	well	as	the	

absence	of	any	sanctions	for	non-compliance	make	it	a	

rather	weak	instrument	for	promoting	the	deployment	

of	renewable	energy	sources	beyond	the	traditionally	

developed	large-scale	hydropower.

48	 The	energy	strategy	until	2035	has	been	developed	for	several	
years	now,	but	it	has	not	yet	been	adopted.

Besides	 these	 targets,	 the	 Russian	 legislative	 and	

regulatory	frameworks	also	establish	rules	for	trading	

electricity	generated	from	renewable	energy	sources	

on	wholesale	and	retail	markets	as	well	as	offer	some	

incentives.	In	2007,	an	attempt	to	introduce	a	type	of	

a	premium	scheme	for	wholesale	electricity	prices	was	

made	that,	if	implemented,	would	have	been	equivalent	

to	a	feed-in	tariff.	This	initiative,	however,	remained	only	

on	paper	due	to	concerns	about	rising	consumer	prices	

as	well	as	 legal	difficulties	 in	developing	a	concrete	

implementation	mechanism.

Since	2013,	another	regulatory	mechanism	has	been	

in	place,	which	makes	all	wholesale	market	consumers	

purchase	 electricity	 from	 renewable	 generation	

facilities	over	the	duration	of	the	contracts	(usually	15	

years).	There	are	several	limitations	to	this	mechanism,	

including	non-applicability	of	facilities	with	less	than	5	

MW	installed	capacity	to	participate	in	this	scheme	as	

well	as	the	exclusion	of	non-price	and	isolated	regions.	

Finally,	very	strict	local	content	rules	(a	minimum	of	

79%	of	domestically-produced	equipment)	may	limit	

qualification	to	participate	in	this	scheme.	This	may	make	

many	renewable	generation	projects	uncompetitive	on	

the	power	markets	of	Siberia	and	Far	East	as	well	as	

limit	the	opportunities	for	foreign	investors	(Chukanov	

et	al.,	2017).	In	the	Russian	Far	East	region,	generation	

capacity	of	new	and	renewable	energy	is	planned	to	be	

as	high	as	400	MW	by	2030;	however,	for	the	volumes	

to	be	achieved,	substantial	changes	in	the	regulatory	

landscape	will	be	necessary.

Expansion	 of	 electricity	 exports	 to	 neighbouring	

countries,	particularly	from	the	Russian	Far	East	to	the	

countries	of	North-East	Asia,	is	a	further	strategic	goal	

of	the	Russian	Federation	Government.
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