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Introduction: Why Does Asia Need an International Power Grid Now?
In Japan, little is known about international power grids. The country has no international connections
in the first place, and few believe any such system will be built in the near future. From a global
perspective, however, international exchange of electric power is far from rare. Instead many are
expecting that stronger international power networks will be constructed. In the end, an international
electricity grid seem to be what Japan, and the rest of Asia, cannot do without today. The Asia
International Grid Connection Study Group has been established for the purpose of conducting research
on international electric power networks and recommending what to do in order to open up its
possibilities in Asia.
The Research Group is composed mainly of researchers of electric power systems and energy policy,
experts in renewables, and people from related businesses. Since its founding in July 2016, with
Renewable Energy Institute (REI) designated as secretariat, the Research Group has been discussing
potentials of an international power network in Asia in a straightforward manner from multiple
viewpoints. We also visited Europe in January and February 2017 to inspect transmission system
operators (TSOs) and government agencies there. This is an interim report of the research.
How can Asia benefit from an international transmission network now? The first reason is economic
rationality. A diversity of goods are traded across borders in Asia, utilising comparative advantages of
countries. In the same way, exporting electricity from a country that can produce it at low cost to one
where it is more expensive at any moment in time conforms to the same principle of economy.
Second, it helps secure stability of supply. For electricity, matching supply to demand is critical. Supply
and demand can be adjusted more flexibly, at lower cost, over a broader area than a narrower one. A
mix of power sources with different properties can complement each other and share reserve capacities
between them.
Third, interconnection indirectly supports adoption of low cost renewable energy on a large scale. In
Japan, people have also begun to talk about better inter-regional transmission operation. International
transmission is the ultimate form, and serves as an effective solution to integrating a lot of low-cost
fluctuating outputs of wind and solar power plants.
For these and other reasons, international power grids have long been common, especially in Europe.
But they still are not in Japan. The difference would be attributable to historical factors specific to
Japan. However, after the accident of TEPCO’s Fukushima Daiichi Nuclear Power Plant, which took
place in 2011, energy strategies of Japan are dramatically changing. The government is pursuing reform
of Japan's power system. Relevant laws have been modified to oblige electricity companies to legally
unbundle generation and transmission by 2020. Solar and other renewable energy sources are being
deployed rapidly. In China, investment in renewables provide dramatic growth in generation capacity.
What should come just after these changes is an international power grid.
With this basic understanding, the report presents overviews of the concept of international power grid,
cases of application in Europe, and potentials it has in Asia and challenges to be addressed here.
Chapter 1 reviews the basic concept of the international power grid and its purposes. Chapter 2 presents
cases in Europe, a region with a highly developed international network, to understand specifics of the
mechanism it has adopted. Chapter 3 deals with Northeast Asia, the focus of our interest, reviewing
basic electricity-related data, before presenting rare cases of interconnection in Asia and the new
developments observed in recent years. Lastly, Chapter 4 reviews the current state of Japan, and
summarises possibilities that lie in front of the country and issues we must consider.
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Chapter 1: Basic Concept of an International Power Grid
This chapter summarises the basic concept of an international power grid. Study of international
electricity networks can often apply concepts of cost and benefit commonly used for analysis of the
domestic grid in general. Among them are enlargement of the market in order to stimulate competition,
inter-regional transmission operation for improving stability of supply, and as a solution to fluctuations
in supply of renewable energy. Here, these issues are reviewed, before issues that need to be managed
to facilitate efficient international trade of electricity are summarised.
Section 1

Power networks and international trade of electricity

Japan has an electric grid of more than 100,000 km of power lines installed in the country 1, which
covers individual service areas of power companies, and connect them together. Without the grid, no
power could be supplied to consumers. The network is the most critical part of the infrastructure for
securing stability of electricity supply. The grid generates positive externalities. In theory, the more
suppliers and/or consumers are connected to a network, the greater benefit they can obtain from it.
Especially for the electricity network, balancing supply and demand is critical, and supply must be
precisely adjusted to satisfy demand, which changes moment by moment. Individual decisions
increasing or decreasing consumption are less significant, the larger the integrated system is. This
means that a larger transmission system is more efficient, and as a consequence it can be, more resilient.
In constructing any grid, economic efficiency is crucial. A larger network performs better, as just seen
above, However, a long grid connecting underpopulated areas and/or going across the sea may be
expensive. Japan is divided between 10 power utilities, and Okinawa is the sole region that has no grid
connection to the mainland The islands have been seen as too far away in relation to the potential
exchange of power, as Naha City is 650 km away from Kagoshima City, and because construction
therefore would cost too much. If they lay a little nearer to the mainland, their electricity market were
larger in size, or they were connected to a huge market lying over there, investment in the region might
pay off. At the same time, any electricity business must satisfy requirements for energy security and
environmental acceptability. Other issues, including lessning dependence on imported fossil fuels and
uranium stability of supply nationwide, and lower carbon emmissions from energy supply, should also
be taken into consideration to determine whether a grid is desirable from the standpoint of
comprehensive costs and benefits.
An international power grid refers to a network of transmission lines that deliver electric power across
national borders. Individual lines constituting the network are often referred to as interconnection,
which implies cables connecting two or more countries. An international network that spreads across
the sea is usually composed in part of undersea cables, but can be regarded as technically equivalent
to domestic ones 2. As far as it is needed for power plants and consumers; that is, so long there is any
demand for transmitting power between them, a power network must be built, whether it is a domestic
or international one.
What is, then, the greatest difference between domestic and international power grid? It lies in
institutions, as any international power grid is built across national borders. Even in the age of
globalization, countries adopt different systems and arrangements between them. Differences are found
in technical standards for grids 3 , operators, regulatory systems, and regulators. For the trade of
electricity, not only differences in transaction systems but also those in currencies and tariffs must be
1

2
3

“The 60 Years Statistics on Electric Power Supply” on the Federation of Electric Power Companies of Japan
website. As of FY2010-end.
Japan has also several undersea transmission cables, such as the Hokkaido-Honshu Interconnection.
The eastern and western parts of Japan adopt different technical standards for frequency, but electricity is
traded between them through regional interconnection that goes through conversion stations to transmit
direct-current power.
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taken into account.
Nevertheless, none of these differences makes interconnection impossible. A huge amount of ordinary
goods are traded every day across borders of countries that adopt different technical standards,
regulatory systems, and currencies. In the field of utilities, natural gas is exported and imported through
pipelines, and communications go through undersea cables that connect all parts of the world.
Electricity is also traded on a day-to-day basis, typically in Europe and North America through
international networks.
Figure 1 shows how much electricity is traded between countries. The import and export ratios are
defined as the proportion of imported and exported electricity to generation, respectively, both on an
annual basis. In Europe as a whole, import and export ratios are 11.3% and 11.2%, respectively, a
higher level of interconnection on the globe. In the region, Denmark stands above 30% in both ratios
while Belgium and Italy have high import ratio, and France and Norway have high export ratio. Outside
the region, the United States, China, and Russia all import and export very little, around 1% of
generation. The small ratios are in part attributable to the vast size of their domestic market. Japan and
South Korea do not appear on the chart, as with no interconnection, they import and export no power
at all. Despite variations between regions, as shown above, electricity is tradable, and can be reasonably
imported and exported with economic benefits if there is a physical interconnection, a fact that must
be recognised.

Export Ratio
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Brazil
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Figure 1

Electricity import and export ratios of major countries and regions (FY2014)

Source: Created by Renewable Energy Institute based on IEA, Electricity Information 2016. Here, “Europe” and “South
America” refer to “OECD Europe” and “Non-OECD America,” respectively.

Section 2

Purposes of the international power grid

Why, then is the international power grid needed? This section again summarises its purposes in three
points.
First, it leads to improvements in economic efficiency through international competition with more
players, lowering the cost of electricity supply. That is, a country where electricity is supplied at a
higher price could import cheaper power from another and supply it at a lower price. The greater the
difference in electricity prices, the greater the benefit. This is a basic function any trade would perform.
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Just as is the case with ordinary goods, an electricity market, when expanded in size, becomes more
economically efficient. As stated above about Okinawa, countries with large markets could obtain
greater effect from interconnections.
That may sound as if a country originally enjoying a lower electricity rate ends up with higher price
increases and suffers a loss. That is not necessarily the case. First, competitive power producers can
expand into overseas markets. Export of cheap power emerges as a new business. In addition,
electricity prices are subject to fine variations according to time of day and other conditions aside from
average prices. A country may supply electricity at a lower price in a time period and offer a higher
price in another period. It is not uncommon that two countries, when connecting their markets to trade
electricity on a larger scale, competition between them drives down power prices in both. In the entire
market, consumers and suppliers can build a win-win relationship. This is a purpose of the competitive
electricity market reforms in the world. Electricity, difficult to store but easy to transmit instantly,
produces great benefit in trade, another feature that is critical.
Second, inter-regional or international transmission operation contributes to a stable supply of
electricity. A larger network generally makes it easier to balance supply and demand by integrating
large numbers of power plants and consumers. Even with an abrupt fluctuation taking place somewhere
in the network, it can respond more flexibly. A network connecting countries with different power
supply structures or supply-demand patterns delivers especially great complementarity. They can also
share reserve capacities.
Simple expansion in network size alone also has its drawbacks. A power failure that takes place
somewhere in a network may spread over a broader area. That could be avoided only with closer
coordination and communication among multiple TSOs. Both in individual countries and across
borders, due to recent progresses in information and communication technologies, capabilities for interregional transmission operation are being enhanced around the globe.
Third, the international power grid is an effective solution to output fluctuation, and helps integrate
more renewables. A larger share of wind and solar power comes with greater fluctuations of supply
along with changes in weather, a challenge to grid operation As stated above, interconnection is the
ultimate form of inter-regional transmission operation, and generally helps secure stability of power
supply, especially when much of the supply comes from variable power sources. As suggested by the
term “equalization effect,” a grid shows smaller fluctuations in output with many windmills connected
to it than only with a single one, and with a mix of wind, solar, and hydraulic sources than solely with
windmills. It is well known that Norway, a large producer of hydropower, and Denmark, a major
producer of wind power, export and import a large amount of power between them (Figure 1). This
accordingly helps to combat climate change and contributes to increasing energy self-sufficiency.
Section 3

Diplomatic relations concerning the international power grid

An international power grid is completely different from a domestic network in that the former spreads
across national borders. For instance, nothing can be traded on a large scale between countries without
any diplomatic relations, as business would be exposed to too high political risk. As seen in risk of
importing oil from the Middle East, friendly countries with political stability would be more favorable
as trading partners for electricity. This is a critical issue for energy security.
Then, does this imply that interconnections should be established only between countries with stable
diplomatic relations? The concept of energy security is a little more complicated. First, as the
fundamental principle of national security lies in diversification of risks, having an international power
grid available as one of a wide range of options would help mitigate risks, whether or not it is connected
with countries with favourable diplomatic relations, to a certain extent. For instance, Japan imports a
significant amount of oil and LNG from the Middle East, some of which is used for power generation.
Trading of electricity through interconnections with neighbouring countries could be added as an
4
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option we could rely on in case import of fossil fuels from the Middle East should be cut off.
Second, scale is also important. A gigantic transmission line would pose a significant risk if it is built
on a scale that its capacity accounts for half the maximum electricity demand in Japan (156 GW; Total
of the 10 electricity companies; FY2015 Electric Power Investigation Statistics) and that we rely
constantly on power imported through it from a neighboring country. In fact, usual interconnection has
a capacity of around 1 GW. Several interconnection systems built for Japan would not supply more
than two or three percent of the maximum demand, unlikely to compromise stability of supply. Rather,
multiple transmission lines built to connect Japan with not a single country but several ones both for
exporting power to and importing from them would mitigate risks and enhance security for the same
reasons as described above.
Third, relations of reciprocity developed through such economic transactions deserves more attention.
In Europe, interconnections have been in place since prior to World War II, in which nations within the
region fought each other, and since the war political support for market integration has helped to
maintain peace. The international transmission network is one symbol of such integration. The idea
lying behind the initiative is that economic interdependence developed between countries through
international trade and other activities among them should bring greater benefit to them all, leading
them in a good diplomatic relationship for a long term.
On top of that, similarity between countries in the scheme for electric business and energy policy would
help them develop interconnection between them. A country with a strict system of statutory monopoly
for electricity business and one with a highly completive market need to harmonize various institutions
and arrangements they each have before connecting their transmission systems. In contrast, two
countries that obtain a significant percentage of energy they consume from renewables would find it
all the easier to share the value of international power grid.
What has been described above indicates, in summary, that an international power grid produces greater
benefit especially when it satisfies the following conditions. One is that two or more countries
connected to the network see large differences in market price between them, as well as between time
periods and seasons. A second is that they have highly complementary power supply structures and
supply-demand patterns between them. A third is that markets connected together are large in scale. In
other words, connecting markets with smaller differences between them in prices or power supply
structures may collectively produce great effect, as far as they are large in size. A fourth is that variable
renewables have a large share. A fifth is that countries concerned have similar electricity systems that
help them establish a cooperation scheme.
Section 4

Background of recent growth of the international power grid in Europe

In Europe, interconnection has long been common. The region has a set of favorable conditions, as
there are many developed countries lying side by side on land, which allows them to connect with each
other through shorter transmission lines with lower cost, and in addition, they have rather large markets,
or are densely populated, which enables them to benefit greatly from trade of electricity. They have
also maintained quite stable diplomatic relations since the end of World War II, and the European
Commission, a supranational institution, has been pursuing integration of the markets in the region.
The electricity market is no exception. These geographic and historical conditions constitute the
background against which interconnections have developed.
Figure 2 indicates cross-border transmissions of electricity in Europe. Transmissions have constantly
been increasing, demonstrating that in the region international power grids have not only been in place
but also fully utilised in operation. Behind especially rapid growth observed from the late 1990s lie
three changes in policies and legislation as probable drivers.
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Intra-regional
exchanges

Cross-border transmissions of electricity in Europe

Source: Created by Renewable Energy Institute based on ENTSO-e, Statistical Yearbook 2011, Statistical Factsheet 2015

One change is advancement of electricity liberalization. In Europe, liberalization of the electricity
market started in 1990 with breakup and privatization of the national monopoly of electricity in the
United Kingdom. The country encouraged new entrants to stimulate free trade in the market.
Transmission business, still a natural monopoly, was separated. Similar reforms then spread to Nordic
countries and Germany, among others. In the first place, the monopolistic scheme for integrated
generation and transmission hinders interconnection. Existing power companies would be opposed to
new entrants and cheap electricity coming from abroad. The transmission sector, a player that should
play a central role, finds little incentive to pursue cross-border transmission operation, as it is held
responsible for stability of supply in each region. However, electricity liberalization required a larger
market, and encouraged cross-border trade of power. That led to need for greater deployment of
international power grids, and independent transmission companies built and operated them. The
outcomes can be found in Figure 2.
A second change is greater deployment of renewables. Denmark adopted policy for developing wind
power generation in the 1980s. Germany started a full-fledged Feed-in Tariff (FiT) system in 2000. As
seen in Figures 3 and 4, remarkable achievements have been observed since the late 2000s. That, in
turn, required some solution to output fluctuation, and the electricity system was required to have
greater “flexibility.” Among the possible solutions, it was believed that the most efficient and relatively
inexpensive one was inter-regional transmission operation and international transmission. In Japan,
electricity storage is often mentioned as a solution to fluctuation. While, European TSOs give
precedence to inter-regional operation and development of grids, from the standpoint of cost.
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Cumulative solar PV capacities in major countries

Source: Created by Renewable Energy Institute based on IEA, Trends in photovoltaic applications 2016
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Figure 4

Cumulative wind power capacities in major countries

Source: Created by Renewable Energy Institute based on Global Wind Energy Council, Global Wind Report 2015

A third change in environments is advancement in transmission-related technology. Since around 2000,
a great advancement has been made in technology for high voltage direct current (HVDC) transmission,
which enables transmission networks to deliver power through a longer distance with lower cost and
less transmission loss than ever. Construction of grids costs time and money. In Europe, however,
electricity markets are connected across national borders, a main factor supposed to help its
transmission sector reduce costs. Technological advancement, together with the revolution of
information and communication technology, has made cross-border trade, even with a great number of
distributed power sources connected to them, easy to maintain.
This is how the international power grid has been made common in Europe. The longest undersea
transmission cable in the world as of March 2017, NorNed, links Norway and the Netherlands across
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a total distance of 580 km. Several plans for longer interconnection 4 are underway. In Europe,
transmission business, including interconnection, has become a growth sector that delivers stable profit.
Chapter 2 deals with several cases of international power grids in Europe to consider their purposes
and mechanisms, as well as costs and benefits.

4

For instance, the North Sea Link (NSL), to be completed in 2021, will connect Norway and the United
Kingdom across a total length of 720 km.
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Chapter 2: The Current State of the International Power Grid in Europe, and
Challenges It Faces
This chapter, based on what has been learned in Chapter 1, examines the international power grid in
Europe, a leading region, more closely. First, the historical path through which the international power
grid has been developed in the region, and factors that lie behind recent developments are reviewed,
before specific ways of operation, forms of investment, and processes of planning are explained. These
analyses, seen from the standpoint of individual countries, reveal a variety of benefits and strategic
targets they each pursue.
Section 1

History of the international power grid in Europe

The history of the international power grid in Europe goes back 100 years. Among the Nordic countries,
interconnection was constructed between Denmark and Sweden in 1915 5 . In continental Europe,
France, Switzerland, and Italy were connected together through 700-km interconnection in 1920 6. Then,
after World War II, European countries started constructing interconnection on a large scale for efficient
use of their limited energy resources, and international trade of electricity expanded.
In 1951, Belgium, the former West Germany, France, Italy, Luxembourg, the Netherlands, Austria, and
Switzerland established the Union for the Coordination of Production and Transmission of Electricity
(UCPTE, then reorganized as Union for the Co-ordination of Transmission of Electricity (UCTE)) to
make them more interdependent in power supply as a way of avoiding another great war in Europe
through active efforts to augment international power grids between them. In 1963, the Nordic
countries set up NORDEL, and France, Spain, and Portugal founded UFIPTE to further promote
interconnection.
Now, European countries have been closely connected together through international power grids. The
region is divided into four synchronous grids, Continental Europe, Nordic, UK, and Baltic, and they
are connected asynchronously through direct current transmission, so that electricity trade can be
conducted among them. Figure 5 shows power flows between countries in 2015. It indicates a great
amount of electricity flows, or is traded, across national borders.

5

6

Fortum, Maintaining electricity security across the Nord Pool market
https://www.iea.org/media/workshops/2016/esapworkshopvii/Ilyukhin.pdf
UCTE, The 50 Year Success Story. Mainly for efficient use of hydropower produced in Switzerland.
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Figure 5

Power flows between countries in Europe (2015)
Source: ENTSO-e, Statistical Factsheet 2015 7

Behind such development of interconnection in Europe lie efforts made by countries in the region to
establish a unified market. The European Economic Community (EEC), founded in 1957, set as targets
establishment of a customs union, free movement of people, capital, and services, and formation of a
common market, and presented a plan to establish a single market in Europe. The Single European Act,
coming into effect in 1987, declared that in the region, markets should be integrated by the end of 1992,
7

https://www.entsoe.eu/Documents/Publications/Statistics/Factsheet/entsoe_sfs2015_web.pdf
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giving momentum to establishment of a single market.
One of the specific initiatives for that purpose is the establishment of Trans-European Networks (TEN),
incorporated in the Maastricht Agreement, signed in 1992. Based on the TEN program, a set of projects
expected to serve common interests of Europe were selected in 1996 as “Projects of Common Interest
(PCIs).” Projects selected among PCIs can go through permit and approval procedures more quickly,
and receive favorable treatment for financial support from the EU's TEN budget and loans from the
European Investment Bank. The European Network of Transmission System Operators for Electricity
(ENTSO-e) still prepares a Ten-Year Network Development Plan (TYNDP) every two years. As part
of it, cost-benefit analyses are conducted for projects for augmenting transmission lines, and PCIs are
selected based on them.
As has been described above, Europe is working to enhance interconnection, with establishment of a
Europe-wide unified market set as an objective. In 2002, the member states agreed with a target of
developing interconnection that can deal with more than 10% of the power generation capacity they
have, and are discussing whether and how to raise the target to 15%.
Section 2

Factors behind development of the international power grid

As mentioned in Section 4 of Chapter 1, one of the factors lying behind recent development of the
international power grid in Europe is electricity liberalization and consequent advancement in
integration of wholesale electricity markets. European countries set up wholesale electricity markets
from the 1990s, and have since been working to integrate them across borders. Among the Nordic
countries, for instance, Norway founded a wholesale market for electricity in 1993, and three years
later, it evolved into the first international electricity exchange that covers Sweden. This is called Nord
Pool. It was joined by Finland in 1998 and Denmark in 2000. Nord Pool was made accessible from the
Kontek area, Germany, in 2005. Between 2010 and 2013, it expanded into the three Baltic states
(Estonia, Latvia, and Lithuania). From 2014, transactions are conducted in a manner to form an
integrated Europe-wide pool through a day-ahead market under a mechanism of “market coupling.”
Electricity markets, coupled together across borders, enable generation facilities to be brought into
operation according to the merit order 8 over a broad area, delivering a single spot price set on a
Europe-wide basis. That helps reduce total electricity cost. This mechanism works, however, only when
interconnection has enough capacity for transactions to be performed on a Europe-wide basis. In fact,
bottlenecks left in interconnection physically hamper Europe-wide trading of electricity. Areas without
enough interconnection capacity see electricity traded there at area prices, different from a single price
set Europe-wide. For the purpose of eliminating area prices left in places and establishing the broadrange merit order through a unified market with greater efficiency, work is underway to build up an
international power grid all around Europe.
A second factor is integration of renewable energy into the electric power system. Europe attaches
much value to “flexibility” provided by grids as a solution to output fluctuation. For instance, EirGrid,
an Irish TSO, brought into service the East-West Interconnector (EWIC), interconnection between the
United Kingdom and Ireland, in 2013. The interconnection was originally designed with the aim of
exporting surpluses of wind-generated power from Ireland, which had been working to increase wind
electricity production, to the United Kingdom. The cross-border network turned out to be effective as
a solution to output fluctuation, which allows greater deployment of wind power. On this assumption,
the EWIC, expected to deliver great benefit to Ireland, was constructed by EirGrid, which fully
financed the development.

8

The order set among suppliers of power in a competitive electricity market. In principle, energy sources
with lower marginal cost are allowed to come earlier and supply electricity for trading at a market, which
secures economic efficiency.
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In fact, the EWIC delivers electricity in both directions between Ireland and the United Kingdom for
trading, helping bring down wholesale electricity prices traded in the United Kingdom, as well. Not
only has the EWIC integrated wind power facilities in Ireland into a grid, but also benefits the United
Kingdom.
A third factor is technological innovation for the high voltage direct current (HVDC) transmission
cable, and a greater diversity of options it delivers for electricity trade between countries. As mentioned
in Section 1, Europe had several synchronous areas, such as the UCTE for the continent and NORDEL
for the Nordic countries. Advancement in high voltage direct current transmission technology enables
synchronous areas to be connected asynchronously and electricity to be traded between them.
Advanced undersea cable technology also helps transmit electricity over long distances across the sea
at an economically reasonable cost, another factor believed to diversify options for electricity trade.
Most of the recent HVDC cable projects disclose their cost. Table 1 is a list of major large-scale DC
transmission projects and their cost drawn up by the Organization for Cross-regional Coordination of
Transmission Operators (OCCTO). As mentioned later, BritNed and NorNed can cover their total cost
with income they earn mainly as differences in price between wholesale electricity markets they
connect.

Italy

¥10,000/
MW km
(reference)*

Total cost

Transmission
line cost

Transformer
cost

Came into
operation in

Transmission
capacity
(MW)

DC voltage
(kV)

Grid
voltage
(kV)

Transmission
method

Strait, etc.
(km)

Project

Distance
(km)

Table 1 Major large-scale DC transmission projects overseas

lineCommutated

UK Netherlands
UK Belgium
Estonia Finland

lineCommutated

Netherlands
- Norway
Sweden Finland
Denmark Norway
Germany Norway

lineCommutated

selfCommutated
lineCommutated

lineCommutated

selfCommutated
selfCommutated

*Converted at ¥114.0/€ and ¥103.8/$ (forex rates on October 19)

Source: “On Preparation of Long-term Cross-regional Network Development Policy,” Material No. 1 for the 18th Meeting
of the Cross-regional Network Development Committee, OCCTO (October 25, 2016, Committee Secretariat)
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Section 3

Operation methods, forms of investment, and construction planning for
international power grid

International power grids were originally developed for specific electricity companies to obtain power
sources. Today, policy objectives at a pan-European level, such as coupling of wholesale electricity
markets and integration of renewables into grids, have greater influence. That has also brought some
changes in methodologies for operation of international power grids, and forms of investment in them.
1)

Operation methods

Previously electricity transactions were conducted through interconnection based on mutual
agreements among operators. However, with the growth of market coupling for wholesale electricity
trade mentioned above, during the 2000s the method for operation of interconnection shifted to one of
explicit auctions, and furthermore in recent years they have been shifting toward transactions
conducted through the market in the form of implicit auctions, so that today interconnection is in use
through combination of both explicit auctions and implicit auctions.
For instance, Interconnexion France-Angleterre (IFA) (HVDC Cross channel), which connects the
United Kingdom and France, came into operation in 1986. Originally, its usage rights were allocated
to Electricite de France (EDF) according to a contract. From 2001, rights have been allocated through
explicit auctions. Operators who would like to use IFA interconnection may take part in an auction to
obtain usage rights and trade electricity across borders through the line.
NorNed, which stretches between the Netherlands and Norway, came into service in 2007. Originally,
its usage rights were allocated by explicit auction, but in 2011, it shifted to implicit auction.9 Implicit
auction, which allocates interconnection capacities according to trading at the day-ahead market, is
expected to help markets for different areas work in a more integrated manner between them in
performing transactions and achieve greater efficiency in operation of interconnection.
2)

Investment and revenues

In Europe, revenues that can be secured through interconnection include (i) revenues from transmission
rights based on explicit auctions and contracts among enterprises, (ii) revenues from congestion
charges from differences in day-ahead market prices between two connected areas, and (iii) revenues
from transmission fees, which are regulated rates. Particularly high levels of revenues from
transmission fees and congestion charges can be expected between countries with high differences in
electricity prices, and this accelerates incentives for investment in interconnection businesses.
Investments are recovered from some combination of these revenue sources, and the combinations can
be classified according to forms of investment.
Under a form of investment, “merchant scheme,” companies investing in interconnection set usage
fees for transmission lines through mutual agreements or put up usage rights for transmission capacities
for explicit auction to recover investments. At present, this scheme is adopted mainly for
interconnection connecting the United Kingdom and other countries. The merchant scheme has the
advantage in a higher degree of discretion to set usage fees for interconnection. Meanwhile, smallerthan-expected demand for usage of interconnection would make investments more difficult to recover,
and the risk must be assumed by investors.
Under a second form of investment, regulated scheme, investment in interconnection is regulated just
as domestic transmission business. For regulated domestic transmission business, revenues necessary
to provide services are calculated based on value of assets owned by operators who made investment,
and depreciation and maintenance expenses for them, as well as regulated margins, and they are
9

https://brage.bibsys.no/xmlui//bitstream/handle/11250/169003/Ubbe%202011.pdf?sequence=1
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recovered through transmission fees. The regulated scheme allows grid operators in each country who
invest in interconnection to recover their capital expenditure through transmission fees just as
investment in domestic grids. That is the advantage the scheme brings to operators, as it allows them
to avoid risk of investment. Meanwhile, when they obtain additional congestion revenues from
differences in market prices between areas connected through interconnection, they are not allowed to
retain anything above a regulated margin, and are obliged to use the extra revenue for reducing
transmission fees or constructing new transmission lines. Some point out regulation of margins, which
vary between countries in Europe, as a disincentive to invest in interconnection.
A third form is “Cap and Floor,” a regulated scheme adopted in the United Kingdom. In the United
Kingdom, operators are not allowed to include interconnection in the assets based on which they
calculate domestic transmission fees. As a result, the merchant scheme had been adopted for investment
in interconnection. After the issuance of the Second Electricity Directive in 2003, the European
Commission recommends the regulated scheme, and the merchant scheme is accepted only for
exceptional cases. In its place, the United Kingdom has adopted Cap and Floor as its own version of
regulated scheme. The scheme, based on cost analysis conducted in advance, sets upper and lower
limits (Cap and Floor) of revenue for a period of 25 years after inauguration. Within the range,
operators who made investment are allowed to set usage fees in contracts based on the merchant
scheme, or put on usage rights for transmission capacities for explicit auction to recover investments.
Any revenue above the cap is utilized by grid operators for reducing transmission fees and passing the
benefits on to consumers. When their revenue fails to reach the floor, TSOs are allowed to compensate
the loss with transmission fees they collect.
3)

Construction planning

In Europe, ENTSO-e plays important roles in planning construction of international power grid s.
ENTSO-e, in which all transmission companies in the Europe zone take part, was founded in 2009 to
consolidate the UCTE and NORDEL, mentioned before, and other regional coordinators. The
organization aims at helping promote Europe-wide market integration and enhance functions of
interconnection, and works to produce TYNDPs, also mentioned above, among others.
When preparing a TYNDP, ENTSO-e conducts cost-benefit analysis for all projects included in plans
presented by member companies to examine what impact each of the projects may produce across
borders, and how cost for a project will be shared among countries taking part in it in cooperation with
national regulators. The analysis is conducted based on, as a precondition, some scenario for realizing
common targets of Europe, such as market integration and rapid advance in greater deployment of
renewables. Based on the results, projects expected to deliver great benefit on a Europe-wide basis are
recognized as PCIs every two years. PCI-recognized projects are treated favorably for permit and
approval and financial support at the national level. Most of the PCIs projects are economically viable,
although there are some that need financial support. To underpin such projects, 5.85 billion euro have
been appropriated for a period between 2014 and 2020.
In addition, ENTSO-e works to draw unified networking rules for grid operation (Network Codes) in
cooperation with transmission companies in countries. International cooperation for practical operation
is promoted by Coordination of Electricity System Operators (CORESO) and other Regional Security
Coordinators (RSCs).
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Section 4

Benefits European countries obtain from the international power grid

As stated in Section 1 of this Chapter, international power grids have been developed on a Europewide basis for achieving an integrated unified European market and integrating grids for renewables.
Meanwhile, countries in the region naturally stand in different situations, and benefits and characters
of internconnections vary by country. This section, based on purposes of the international power grid
and conditions that influence it, which are summarized in Sections 2 and 3 of Chapter 1, examines
specific benefits it delivers.

Yearly average price

First, how large are the price differences countries see in wholesale electricity transactions between
them? Figure 6 compares annual average prices at day-ahead markets between 2014 and 2015. The
lowest and highest prices are found in the Nordic countries (Nord Pool) and the United Kingdom,
respectively. Higher prices are seen in the Netherlands and Belgium, while Germany and France trade
at lower prices. Generally speaking, countries with higher spot prices can expect lower prices from
enhanced interconnection with those trading electricity at lower prices. Spot prices, however, vary by
the moment in different seasonal and daily patterns between countries. In actual transactions, it is
expected that countries can come to a market sometimes as seller and at other times as buyer, depending
on changing spot prices, to obtain benefits in both positions.

Germany/
Austria

Figure 6

France

UK

Netherlands

Belgium

Nord Pool
system price

Comparison of day-ahead spot prices (annual average)

Source: Created by Renewable Energy Institute based on EPEX, “Press release,” Nord Pool Spot “Elspot prices,” and APX,
“Annual Report 2014”.

Second, supply is mutually used thanks to high degrees of mutual complementarity arising from
differences in power supply structures among countries. For instance, the Netherlands, a country that
produces a higher percentage at gas-fired power plants, can take part in electricity trade through
interconnection to import electricity generated from hydropower from Norway and that from nuclear
power from France at lower prices. In turn, the Netherlands sometimes applies greater the adaptability
of gas-fired power plants to make up for supply capacities of the latter two. As one of the factors lying
behind the construction of NEMO Link, mentioned before, some point out the need to secure capacities
of supply from the continent with the prospect that the United Kingdom will shut down coal-fired
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power plants and aging nuclear power plants in the near future.
Third, benefits of interconnection arise from differences in daily electricity demand and supply patterns
and time zones. For instance, demand for electricity in continental Europe usually starts rising before
6:00 a.m. while rising after 6:00 a.m. in the United Kingdom (both local time). Between the two areas,
there is a one-hour time difference, which leaves a greater divergence between their demand patterns.
Even with no large differences in average spot prices, differences in prices between different time zones
could enable interconnection to produce some benefit for them.
Fourth, since the share of renewables, especially variable power sources is increasing, use of
interconnection is accelerated as a means of integrating them into grids. In Denmark, for instance, wind
power plants supplied electricity equivalent up to 140% of demand between July 9 and 10, 2015. In
the two days, the country exported about 700 MW of electricity. The next day, on July 11, outputs
declined from wind power plants, leaving power in short supply, and the balance of trade in electricity
reversed as Denmark imported up to 2,000 MW 10. The same can be said for the EWIC, Ireland-UK
interconnection mentioned above, which is described in detail in the next section.
As seen above, countries can expect to benefit from international power grids in different ways
according to conditions they are in. Table 2 summarizes benefits the United Kingdom, Norway,
Denmark, and the Netherlands each expect. Interconnection is expected to play some role when they
work on challenges they face and strategic goals they set, such as high electricity price, changing power
supply structure, export of electricity at lower prices, and solutions to fluctuations in renewables.
Another factor that should be noted is that interconnection benefits both countries it links. For instance,
Denmark and Germany, both holding a large amount of wind power capacities, can trade between them
to balance supply and demand. Electricity they produce at a lower marginal cost drives down dayahead spot prices, spreading benefits over countries around them, unless transmission lines are too
congested.

10

Renewable Energy Institute, “Grid Operation for Larger-scale Deployment of Renewables: Comparison
between Japan and Europe”
http://www.renewable-ei.org/activities/reports_20160303.php
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Table 2 Major benefits expected from interconnection for countries (Case of HVDC cables. Shaded
in light blue are projects in operation. The others are under construction or in the planning
phase.)
Country

Challenges

UK

Higher shares of thermal and
nuclear power. Replacing them in
the future is a challenge. Higher
wholesale electricity prices than in
Nordic countries and the Continent.

Norway

Denmark

Norway

Denmark

Netherlands

–

Cheaper
hydropower.
NSL

Cheaper
excess wind
power.
Viking Link

Cheaper power.
BritNed
Supply
capacities in
drought.
Supply of gasfueled power at
times when
cheaper.
NorNed

98% of electricity comes from
hydropower. Hydropower is
cheaper while securing capacities
in drought is a challenge.

Supply
capacities in
drought.
NSL

–

Supply
capacities in
drought.
Cheaper
excess wind
power.
Skagerrak

Its wind power plants have a
maximum capacity larger than
demand at specific times.
Optimizing wind power use is a
challenge.

Higher
adjustability.
Viking Link

Cheaper
hydropower.
Higher
adjustability.
Skagerrak

–

Higher
adjustability.
COBRAcable

Enhanced
supply
capacities.
BritNed

Cheaper
hydropower.
NorNed

Cheaper
excess wind
power.
COBRAcable

–

Electricity is supplied mainly by
gas and coal-fired power plants.
Netherlands Higher wholesale electricity prices
than in neighbors (Germany and
France).

Section 5

Major benefits expected by connected countries
UK

Cases of countries in Europe

This section picks four European countries, the United Kingdom, Ireland, the Netherlands, and France,
to see what benefits interconnection brings to each of them and what they have done to make the most
of it. Specific examples from individual countries have their own distinguishing features. These include
1) the United Kingdom’s plans for construction of numerous interconnections in response to high
electricity prices, 2) Ireland’s use of interconnections as one means of putting its wind power
generating capacity to effective use, 3) the Netherlands’ serving as a hub for European electricity
transactions using its interconnections with multiple neighboring states, and 4) France’s large-scale
nuclear power generation. Examples of the four indicate that interconnections constructed for their
own purposes deliver actual benefits to them on both the supply and demand sides.
1)

Benefits interconnection delivers to the United Kingdom

Against a backdrop of higher electricity prices traded and expected changes in power supply structures
after shutdown of coal-fired power plants and aging nuclear plants in future, the United Kingdom has
presented a plan for large-scale expansion of interconnection to meet the construction target agreed
upon by European countries in 2002 (10% of generation capacity) (Figure 7). Behind this expansion
plan lie calculations that indicate benefits the enhanced interconnection brings to the country. In its
report, National Grid, a TSO based in the United Kingdom, calculates that additional 1 GW of
interconnection reduces the spot price in the country by 1-2%. On top of the current interconnection,
4 GW, another 8 to 9 GW of interconnection, equivalent to the targeted 10% of the generation capacity,
is expected to bring annual benefits of one billion pounds to electricity consumers.
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Figure 7

Interconnection projects planned for the United Kingdom
Source: Pöyry, “Costs and Benefits of GB Interconnection”

BritNed, which connects the United Kingdom and the Netherlands, sees higher electricity prices in the
United Kingdom encouraging active trade of power between them, bringing large revenues to the
operator. Figure 8 shows trends of revenues obtained and expenses paid by BritNed. BritNed, a project
of €600 million in total construction cost brought into operation in 2011 with a capacity of 1 GW,
produced revenues of €205 million in 2015.
Revenues

Power interchange (UK→Netherlands)

Total expenses

Power interchange (Netherlands→UK)

Power interchange

Revenues/expenses

(In €1 million)

Figure 8

BritNed: Revenues and expenses

Source: Created by Renewable Energy Institute based on BritNed’s Annual Reports (2012 to 2015) and ENTSO-e
Statistical Factsheet.
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2)

Benefits interconnection delivers to Ireland

Ireland, a country of constant strong wind, has already developed large capacities of wind power
generation. Under these conditions, EWIC, a project mentioned before, has been constructed. In Ireland,
as in the United Kingdom, spot prices stay higher than in mainland Europe, and the country intends to
get connected with the United Kingdom and further to the Continent through interconnection in the
hope of eliminating differences in electricity prices and enhancing stability of supply. A plan is now on
the table for construction of interconnection with France (Celtic interconnector).
Despite stability maintained in operation of wind power plants there, Ireland sometimes sees some
surplus electricity produced, which can be exported through interconnection, a benefit it delivers.
Figure 9 shows changes with time in demand for electricity in Ireland, outputs from wind power plants,
and import and export of electricity through interconnection. On the morning of January 11, 2017,
Ireland recorded wind-power outputs of 2,798 MW. At that time, demand for electricity stood at no
more than 3,451 MW. To enable its thermal power plants to maintain utility frequency, Ireland must
keep their outputs above somewhere between 1,000 and 1,400 MW. The chart indicates that for that
purpose, the country exported 579 MW through interconnection, so that they could operate at the
minimum output level required. The EWIC had a critical role to perform for that.
Among the investment forms mentioned in Section 3, the EWIC has adopted the regulated scheme. In
its Annual Report, EirGrid, the state-operated TSO owning and managing the EWIC as its parent
company, states that a major part of its total revenue in 2015(€70.8 million) came from transmission
fees (€38.1 million) and capacities auction (€22.8 million) 11. Its income before income tax stood at
€32.3 million in 2015. These results demonstrate that in comparison with the total construction cost
for the EWIC, €563.5 million, of which €110 million came as European Union’s subsidies, it earns
large revenues and profits 12.
With the target of supplying 40% of its electricity consumption with renewables by 2020, Ireland aims
at controlling the annual output suppression of wind power generation at around 5%. That requires the
country to be capable of supplying up to 75% of its electricity with wind power generation at certain
times of the day. Interconnection is rated as one of the critical tools for exploiting its wind power
generation capacity.
In comparison to northern or continental Europe, the United Kingdom and Ireland started a little later
to work on interconnection (Figure 1), perhaps in part because they are island countries. However, in
recent years, they made rapid advancement amid large-scale deployment of renewables and
technological innovation for the undersea cable. The international power grid is also viable in islands
and delivers great benefits to them.

11

12

EirGrid pls Annual Report 2015 p75.
http://www.eirgridgroup.com/site-files/library/EirGrid/3760_EirGridAnnRep2015_Eng_WEB.pdf
All business revenues earned by the EWIC fall to the Ireland. Commission for Energy Regulation, “East
West Interconnector Revenue Requirement Public Information Note,” September 7, 2012.
http://www.cer.ie/docs/000628/cer12149.pdf
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Demand

Figure 9

Wind

Interconnection

Results in Ireland: Electricity demand, wind power generation and interconnection
(Between January 8 and 14, 2017; 15-minute interval data)
Source: Created by Renewable Energy Institute based on data on EirGrid's website.

3)

Benefits interconnection delivers to the Netherlands

The Netherlands is among the countries best connected with its neighbors through interconnection. So
far, it has been connected with Norway and the United Kingdom through NorNed and BritNed,
respectively, and Germany and Belgium through ground interconnection. Plans for further
development are in place. Wesel, another ground network for interconnection with Germany, is being
brought into operation in 2017, and COBRAcable, an undersea cable network with Denmark, is set to
come into service in 2019 (Table 2).
Behind the Netherlands’ development of so many interconnections lies, it is believed, a policy decision
it has made that instead of enhancing its domestic power generation facilities, it should enhance
interconnection with France to access its electricity generated from nuclear power. Now, in fact, the
country has critical roles to play as an “electricity hub” that connects through interconnection the
western part of the Continent, the United Kingdom, and the Nordic states, all of which differ in power
supply structures and prices.
Spot prices are lower in the Netherlands than in the United Kingdom while higher than in other
countries, including France and Germany. Meanwhile, Nord Pool, to which the Netherlands has access
for trading through interconnection, offers still lower spot prices than in France and Germany. The
Netherlands imports low-priced electricity from Norway using NorNed, and accesses Germany
through ground interconnection mainly to import power, as well. At the same time, the country deploys
BritNed to export electricity mainly to the United Kingdom. Imported electricity from Norway and
Germany is among the factors that delivered a 20% drop in electricity price from 2013 to 2014, and it
is pointed out that this fact demonstrates that international trade of electricity also benefits Dutch
consumers 13 . Figure 11 shows the Netherlands' monthly power interchange with other countries
(amount of power interchanged during a month, aggregated by time). The chart indicates that the
Netherlands imports electricity from Norway, Germany, and other countries that offer lower spot prices
to consume some in the domestic market while exporting the rest to the United Kingdom, Belgium,
and other countries that buy it at higher prices.

13

Tennet website,
http://www.tennet.eu/news/detail/electricity-prices-in-the-netherlands-decrease-by-over-20-percent-in-2014/

20

Asia International Grid Connection Study Group | Interim Report

A flow of electricity through market transactions described above is called “transit flow.” A large
amount of transit flow, when little is consumed domestically, may induce grid congestion at home. For
countries like the Netherlands, which sees differences in prices between Germany and the United
Kingdom, as well as Norway, operation of interconnection delivers revenues from congestion charges.
The revenues can be used to finance reduction of transmission fees and further development of grids.

Figure 10

Schematic diagram of the Netherlands' interconnection
Source: Tennet, Gridmap Netherlands.
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Figure 11 The Netherlands' monthly power interchange in 2016 (amount of power interchanged
across borders during a month, aggregated by time)
Source: Created by Renewable Energy Institute based on data from “Cross-border Physical Flow”, ENTSO-e Transparency
Platform.

4)

Benefits interconnection delivers to France

In France, spot prices are lower than in other countries in Europe, a fact that apparently leaves
interconnection unlikely to benefit the country. However, any trouble that occurs to any of its nuclear
power plants, major suppliers of power for the country, is likely to push up spot prices, especially
because they are each large in size, a case where France benefits from interconnection to secure supply
capacities.
As an example, Figure 12 shows power flows between France and neighboring countries and dayahead market prices on November 8, 2016. That day, with only limited supplies from the nuclear power
plants in France, the spot price rose quite high (€850/MWh) at 6:00 p.m. That compelled France to
import more than 7 GW of power from Belgium, Germany, Italy, Spain, and Switzerland 14. As seen in
this case, interconnection not only enables a country where electricity is expensive to receive lowerpriced power, but also helps both countries connected through it enhance their supply capacities.

14

Even at this time, the spot price in the United Kingdom stood at €871/MWh, higher than in France, and 2
GW of electricity were exported by the latter to the former.
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England

Belgium
Germany

France
All trades sum:
Exports: 2,000 MW
Imports: 7,060 MW

Switzerland

Italy

Spain

Figure 12

Electricity transactions and day-ahead prices in France (November 8, 2016 at 6:00 p.m.)
Created by Renewable Energy Institute based on data from Réseau de Transport d’Électricité.

France joined a cross-border scheme for sharing primary reserves with surrounding countries,
including Germany, Austria, the Netherlands, and Switzerland in January 2017. The mechanism
enables France to obtain from abroad part of capacities it had to reserve at home, assigning
interconnection a broader range of roles it has to perform.
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Chapter 3: The Current State and Feasibility of an International Power Grid in
Northeast Asia
The preceding chapter has examined several cases of interconnection in Europe to see significance an
international power grid has there and various benefits it delivers to the region. This chapter considers
the feasibility of an international power grid in Northeast Asia, e.g. Japan, China, South Korea,
Mongolia, and Russia. In terms of geographical distance it is only 43 km from Cape Soya in Hokkaido
to Sakhalin Island in Russia and no more than 200 km from the city of Fukuoka to Busan, South Korea.
Given that NorNed cable, mentioned before, covers a distance of 580 km, physically speaking it would
be worthwhile to consider interconnection. Beyond the two countries lie China and Mongolia. The
following former sections review basic energy-related information of these countries to examine
whether they can expect benefits and mutual complementarity between them as seen in Europe, before
the latter sections analyze existing interconnections there and recent plans for international power grid.
Section 1

Overview of basic information about Northeast Asia

From the viewpoint of development of interconnection, the greatest distinguishing feature of Northeast
Asia is the fact that multiple large-scale demand zones, centers of economic activity, adjoin each other.
Seen in terms of the size of economy (Table 3), Northeast Asia stretches across China, Japan, and South
Korea, fairly large economies (the 2nd, 3rd, and 11th largest, respectively, in dollar-denominated
nominal GDP in 2015) lying side by side. The four countries of Japan, China, South Korea, and
Mongolia together account for 76% of Asia’s power generation and 77% of its power consumption 15.

Table 3 Basic information of countries in Northeast Asia (2015)
GDP (in billion dollars)
Figures in parentheses are GDP
per capita (in thousand dollars)

Population
(in million people)

Electricity
generated
(in TWh)

CO2 emissions
(in million tons
CO2)

China
Japan
South Korea
Mongolia
Russia
Northeast Asia
World
Share of Northeast Asia
Source

World Bank
*Constant 2010

United Nations

BP; For Mongolia,
BP; For Mongolia,
figure from IEA in 2014 figure from IEA in 2014

Source: Created by Renewable Energy Institute based on data released by national governments and international
organizations.

15

IEA, Electricity Information 2016
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Next, before studying interconnection in the region, the current state of electricity industries
(generation, transmission, retail, market, and electricity trading) among the countries there must be
understood. Current conditions that interconnection and electricity trading see as a given differ between
countries depending on systems and institutions they have adopted, such as whether transmission
companies, which operate interconnections, are separated from generation business (state of
unbundling), and whether any wholesale electricity trading market is in place and works to set
electricity prices (See Table 4).
First, each of these countries permits private-sector participation in their markets, including foreign
investments, in its power-generating sector. Second, in each of these countries other than Japan,
unbundling is introduced 16, with the grid operated by a state-run transmission company. Japan is in the
process of a legal unbundling planned for completion by 2020. Third, while no international market
for transactions in wholesale electricity yet exists in Northeast Asia similar to Nord Pool, mentioned
in Chapter 2, Japan, South Korea, and Russia 17 each have their own wholesale electricity trading
markets as part of initiatives they are pursuing for market liberalization. Fourth, electricity trading is
carried out by the state-owned transmission companies in China and Mongolia, and Inter RAO in
Russia, which is the electricity trading company and an effective state-run monopoly. In South Korea,
there are high likelihoods that the state-run Korea Electric Power Corporation, with no experience of
electricity trading so far, could play leading roles in electricity trading.
While still lagging behind Europe in electricity market liberalization, as shown above, all the countries
in the region but Japan have already set up independent transmission companies, and these transmitting
companies also are demonstrating proactive approaches to interconnection. In part because those
companies are owned and run by state, some arrangements could be made between different regulations
and systems once any agreement is formed among national governments.

16

17

South Korea and Japan have adopted legal unbundling. China, Russia, and Mongolia have unbundled
ownership.
Russia has wholesale electricity trading markets though its Far East area is designated as “non-pricing
zone,” and the wholesale price is regulated by the government. In practice, there is no market price set
there.
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Table 4 Structures of electricity industries and markets in Northeast Asian countries (2016)

Japan

China

Generation
State-owned enterprise
(5 major power
companies: Owning
more than 50% of total
generation capacity)
Local governmentowned enterprise
Private-sector companies

Transmission

Distribution

Retail

State-owned TSO
(State Grid Corporation of China (SGCC): Operating
transmission and distribution networks covering 88% of
China's land)
*Other operators in some areas.
*Some plants and end-users trade directly between
themselves.

Major power companies
(Owing 80% of generation
capacity)

In the process of legal unbundling, to be completed
by 2020.
* TEPCO Power Grid already set up as independent.

No

State-owned TSO
(SGCC)
*Other operators
in some areas.

South
Korea

Electric
retailers

State-owned enterprise
(KEPCO Group: 75% of State-owned TSO
generation capacity)
(KEPCO)
Private-sector companies
State-owned TSO
State-owned enterprise
(The National
Private-sector companies Transmission
Company)

State-owned distribution & retail
company
No 19
Private-sector distribution &
retail companies

State-owned enterprise
(More than 60% of
State-owned TSO 20
generation capacity)
(Rosseti Group)
Private-sector companies

State-owned
distribution
company
(Rosseti Group)
Private-sector
distribution
companies

Russia

Electricity
trading

Yes
2-3% of total No experience
demand

Mongolia

Independent power
producers, etc.

Wholesale
electricity
trading
market

Yes 18
No experience
Approx. 95%

State-owned
retail
company
Yes 21
(Rosseti
Approx. 97%
Group)
(2015)
Privatesector retail
companies

State-owned TSO
(The National
Transmission
Company)
State-owned
electricity trading
company
(Inter RAO)

Source: Created by Renewable Energy Institute based on data released by national governments and international
organizations.

18

19

20

21

Korea Power Exchange (KPX) operates as compulsory pool market. With power producers obliged to sell
wholesale electricity they produce to KPX, the market deals with a large amount of electricity. However,
transactions there are carried out on the basis of regulated prices, set by KPX’s Cost Evaluation Committee,
and in practice, there is no wholesale market price set freely.
Mongolia has in place a “spot market,” established in 2006 to allow power plants to trade differences in the
amount of power actually produced and that stated in a power supply plan presented by the Power Control
Center, and an “auction market,” set up in 2007 to auction excesses, or any power produced more than
planned. In the markets, transactions are carried out between power plants, and no end-users are allowed to
take part and trade freely.
In the Russian Far East, RusHydro Group, a state-owned power utility, operates both transmission and
generation as a monopoly.
In the Russian Far East, local governments regulate rates and charges, and in practice, there is no price set
freely at wholesale markets.
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Section 2

Mutual complementarity and benefits in Northeast Asia: Power supply structures,
prices, and supply-demand patterns

Chapter 2 has shown that each country in Europe has a different power supply structures, price level,
and supply-demand pattern, and these differences are mutually compensated with interconnection.
Now, we will see how much mutual complementarity would be possible in Northeast Asia, as it is a
prerequisite for interconnection.
1)

Power supply structures

A look at the current structure of sources of electricity in each country of Northeast Asia on the basis
of power generated shows that each country depends on fossil fuel power plants for at least 60% of
supply (Figure 13). In particular, degrees of dependency on coal are pronounced in China and Mongolia,
with 60% or more and 90% or more respectively.

(Total power generation TWh)
Others
Renewable energy
Hydropower
Nuclear power
LNG
Oil
Coal

China

Figure 13

Japan

South
Korea

Mongolia

Russia

Power supply structures of Northeast Asian countries (in terms of power generation)

Source: Created by Renewable Energy Institute based on CEC “Annual Data”, IEA “Statistics by countries” “Electricity
Information 2016,” BP “Statistical Review of World Energy 2016”

Looking at this situation, it seems that mutual complementarity of power supply structures among
Northeast Asian countries is not so much expected. On the other hand, each country has been actively
promoting investments in domestic renewable energy (Figure 14). Against the backdrop of serious air
pollution issues and remarkable decrease in the costs of renewable energy installation and operation,
this movement is expected to be further accelerated.

27

Asia International Grid Connection Study Group | Interim Report
Chapter 3: The Current State and Feasibility of an International Power Grid in Northeast Asia

Mongolia – Solar PV
South Korea – Solar PV
Japan – Solar PV
China – Solar PV
Mongolia – Wind power
South Korea – Wind power
Japan – Wind power
China – Wind power

Figure 14

Cumulative generation capacity of wind power and solar PV in Northeast Asian countries
(2010-2016)

Source: Created by Renewable Energy Institute based on IRENA, Renewable Capacity Statistics 2017

Ocean
Solar PV
Wind power
Geothermal
Bioenergy
Hydropower

China

South Korea

Japan

Russia

Current ratio of
renewable energy
(including hydropower):

Figure 15

Future prospects of power supply structures in Northeast Asia (2030-2050)

Source: Created by Renewable Energy Institute based on IRENA (REmap 2016), IEA (WEO 2016 - 450 scenario),
NDRC (China RE Outlook 2016 - High Penetration scenario)

28

Asia International Grid Connection Study Group | Interim Report

According to future forecasts announced by international agencies for 2030-2050 22 , in 2030 it is
projected that 30-50% of electricity generated in each country of Northeast Asia will be supplied from
renewable energy (Figure 15). In terms of the period up to 2050, there is a report (NDRC) forecasting
that renewable energy will account for 80% of power generation in China. Moreover, in April 2015,
China’s Energy Research Institute 23 published a report indicating that 53% of energy by 2030 and
86% by 2050 could be supplied from renewables. 24 Furthermore, over the mid to long term, these
countries will develop their own regional distinguishing features in terms of renewable energy sources,
as seen in China’s stress on wind power, Japan’s on solar power, and Russia’s on hydropower.
In considering a potential for power supply by renewable energy in Northeast Asia, Mongolia is
particularly an important country. The potential for wind power and solar PV mainly in the area around
the Gobi Desert in the south has been highly valued. For example, according to a report 25 of the U.S.
National Renewable Energy Laboratory (NREL) in 2001, Mongolia has a large area suitable for wind
power generation from the southern to the central region of the country, and the area has a potential to
generate 10,673 TWh per year. Moreover, a report 26 of the International Renewable Energy Agency
(IRENA) in 2016 pointed out that the above evaluation by the NREL was based on wind turbines (40
m in height) at that time and therefore should be reevaluated with the latest turbines (100 m), which
would give even better prospects. As for a potential for solar PV, the United Nations Economic and
Social Commission for Asia and the Pacific (UNESCAP) evaluated its annual power generation as
2,200 TWh in its report 27 in 2008. However, this figure was later revised upward to 4,777 TWh by the
above-mentioned IRENA report (2016). By simply adding these figures, 10,673 TWh (wind power)
and 4,777 TWh (solar PV), the total potential power generation will be 15,000 TWh or more, which is
much more than the total electricity demand in China (5,693 TWh) and Japan (949 TWh) in 2015. It is
expected that Mongolia will supply power to neighboring countries in the future by utilizing its rich
renewable energy.

22

23

24
25
26
27

IRENA’s REmap is a scenario that considers a potential for renewable energy development in each country
to realize sustainable supply and demand of energy in the future, while IEA’s 450 Scenario is future
prospects assuming that the increase in the global temperature will be limited to less than 2 degrees by
2050. Among multiple scenarios presented by the international organizations, those scenarios above that
foresee more deployment of renewable energy are adopted to Figure 15.
The Energy Research Institute is a research institution under the National Development and Reform
Commission (NDRC) that develops important economic and energy policies of the Chinese government.
“The China 2050 High Renewable Energy Penetration Scenario and Roadmap Study” (2015)
NREL：Wind Energy Resource Atlas of Mongolia August 2001
IRENA “Mongolia Renewables Readiness ASSESSMENT” March 2016
APCTT UNESCAP (2008)：Mongolia: Renewable Energy Report, Asian and Pacific Centre for Transfer of
Technology
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Figure 16 Potential for wind power (top) and solar PV (bottom) in Mongolia
Source: NREL “Wind Energy Resource Atlas of Mongolia” (August 2001), IRENA “Mongolia map - solar and wind data”.

As shown above, Northeast Asia is a region with not only major economies adjacent to each other but
also a high potential for power generation by renewable energy. In order to make the most of
renewable energy that has been developing in Asian countries, grid flexibility for power interchange
across Asia is required, and the need of an international power grid is increasing.
2)

Differences in electricity prices

Figure 17 shows electricity prices for households in Northeast Asian countries and areas as of 2015.
What stands out is Japan’s high price, 23 cents/kWh. Prices in Mongolia, some areas of China, and the
Russian Far East are a third of Japan’s price or less. There are regional differences even in individual
countries. China has lower prices in inner areas (western and northeastern areas) than in coastal areas,
while prices in the Russian Far East are relatively low in the southern areas adjacent to neighboring
countries such as Mongolia, China, and Japan 28. In this way, it should be noted that prices are different
not only among countries but also among areas to be interconnected within a country.

28

In Russia, the revision of the Electricity Law at the end of 2016 specified the implementation of a budgetary
measure to lower the retail electricity prices in the Far East areas to the national average. This policy
intends to increase the prices for industrial use in Western Russia and Siberia by 1.3% to finance the
reduction of electricity prices in the Far East to the national average (5.3 cents/kWh).
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Russia

Mongolia

South
Korea

China

Figure 17

Japan

Difference in retail electricity prices for households in Northeast Asia
(US$/kWh, as of 2015)

Source: Created by Renewable Energy Institute based on IEA “Energy Price and Taxes 2017”, NEA “price information”,
ERC “Resolution 199 of 2015”, Energo24 “electricity tariff data 2015”, Newtariffs “electricity tariff regional data 2015”

However, when comparing retail prices, subsidies available in each country should be taken into
consideration. In China, Mongolia, and Russia, higher electricity prices are set for industrial (and
commercial) use, while subsidy systems to lower electricity prices for households are adopted. In
contrast, lower electricity prices have been set for industrial use in South Korea, from the perspective
of supporting manufacturers.

China: households
China: industries
Japan: households
Japan: industries
South Korea: households
South Korea: industries

Figure 18 Transition of annual average retail electricity prices in Japan, China and South Korea
(2006-2015)
Source: Created by Renewable Energy Institute based on BNEF “Power Prices”, IEA “World Energy Outlook 2016”
“Energy Prices and Taxes 2017”
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Figure 18 shows the transition of retail electricity prices by section in Japan, China, and South Korea.
As well as subsidy systems, various factors such as power supply structures and power generation costs
in each country cause differences in retail electricity prices, and the degree of these differences
fluctuates with time. For example, due to the increase in the prices of crude oil and gas in 2008,
electricity prices for both industries and households rose in Japan. On the other hand, in South Korea,
whose energy sources also depend on imported fuels, the retail prices remained unchanged thanks to
subsidies. Power-generating sector in China is less dependent on imported crude oil and gas compared
with Japan. Although China also saw a rise in retail electricity prices in 2008 due to an increase in the
prices of coal, which is the main fuel for electricity in China, the rise was more gradual than that of
Japan in the same period.
Japan < South Korea
(right axis)
Difference in prices
Japan > South Korea
yen/kWh
(right axis)

South Korea (left axis)
Japan (left axis)

Average prices
during 24 hours
yen/kWh

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 19 Transition of electricity prices (average system prices during 24 hours) in day-ahead
markets in Japan and South Korea (2016)
Source: Created by Renewable Energy Institute based on Japan Electric Power Exchange “Trading Information”, EPSIS
“System Marginal Prices”

As retail prices are affected by subsidies and other factors, we should examine market prices of
wholesale electricity exchanges in order to compare more practical prices. Figure 19 compares the
seasonal transition of spot prices in wholesale electricity exchanges in Japan and South Korea. Both
countries are poor in fossil fuels and have relatively similar power supply structures and annual average
spot prices. However, by observing price fluctuation in detail, you will find remarkable price
differences depending on the time. For example, the price difference reached as high as about 6
yen/kWh in August 2016. Also, in some time periods (such as from February to April 2016), Japan had
a lower price than South Korea. If Japan and South Korea are linked by interconnection, there will be
an option to supply cheaper electricity from a low-price area to a high-price area at a time when such
price differences arise.
3)

Supply-demand patterns

By looking at the patterns of electricity supply-demand in Northeast Asian countries, you will find their
distinctive differences. While the electricity demand in Japan, China, and South Korea peaks twice a
year, in summer and winter, the peak in Mongolia and Russia (Siberia and the Far East) is only in
winter. As Mongolia and Russia have enough generation capacity in summer, they can supply
electricity to neighboring countries for their peak demand. As for the winter peak, the electricity
demand in Mongolia and Russia sharply increases already in October, while the demand in Japan,
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China, and South Korea starts to increase slowly in November.
INDEX
(Annual average of monthly power consumption = 100)
High
China (2012-2016)

These periods are suitable for mutual trading of
electricity with other countries, because the
differences in demand patterns are large.

Japan (2012-2016)

Demand

South Korea (20122016)
Mongolia (2012-2016)
Russia
(Siberia and the Far
East) (2014-2016)

Low
Jan Feb Mar

Apr May Jun Jul

Aug Sep

Oct

Nov Dec

Figure 20 Monthly transition of power consumption in Northeast Asian countries
Source: Created by Renewable Energy Institute based on NBS “Monthly Data Energy, Electricity” 29, CEC “Monthly data”,
IEA “Monthly Electricity Statistics”, Mongolia Statistical Information Service “Industry-Production of major
commodities”, SO-UPS “Daily generation and consumption of electricity in Far East and Siberia Energy Systems”

Peak hours are also different in each country (compared based on Japan time). Winter peak hours are
in the morning in South Korea, and early evening or later in Japan, Mongolia, and Russia. In addition,
because of time difference, there is a time lag of an hour or two in these peak hours in early evening or
later. If there were an international power grid connecting Northeast Asian countries, electricity could
be mutually traded from areas with enough generation capacity to areas with short supply, considering
such regional differences in supply-demand patterns.

Table 5 Comparison of winter peak hours in each country

Months
Japan
South Korea
Mongolia
Russia (Siberia and the Far East)

Winter peak
Days

December – February
December – February
December – January
January – February

Weekdays
Weekdays
Weekdays
Weekdays

Hours (Japan
time)
17:00 – 19:00
9:00 – 11:00
19:00 – 21:00
20:00 – 21:00

Source: Created by Renewable Energy Institute based on the document from Electricity Supply-Demand
Verification Sub-committee, Ministry of Economy, Trade and Industry (2014‐2015), KPX, SO-UPS
“Hourly consumption data in Far East and Siberia Energy Systems”, National Dispatch Center of
Mongolia “Daily demand data 2016”
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As for China, only the data for power consumption in December could not be confirmed in the CEC
monthly data. Therefore, the power generation data of NBS in the same period was used instead.

33

Asia International Grid Connection Study Group | Interim Report
Chapter 3: The Current State and Feasibility of an International Power Grid in Northeast Asia

Section 3

Examples of interconnection in Northeast Asia

As of 2017 bilateral interconnections in Northeast Asia had been achieved between Russia and China,
Mongolia and Russia, and Mongolia and China, and trading in electricity was underway between these
countries. This section introduces each interconnection in detail.
Existing interconnections

Russian Far East

Russia

Amur Oblast
110 kV
transmission line

220 kV
transmission line

Heilongjiang
Province

Mongolia
Oyu Tolgoi
copper mine
220 kV
transmission line

China

Inner
Mongolia

Figure 21 Map of existing interconnections in Northeast Asia
Created by Renewable Energy Institute

1)

Mongolia: Covering the lack of power sources by imports from Russia and China

Mongolia shares its northern border with Siberia in Russia, and imports electricity from Russia through
interconnection in order to compensate for the shortfall of electricity supply in the northern central area
in the winter peak. Also, to meet the electricity demand of the Oyu Tolgoi copper mine in the south,
electricity is imported from the adjacent Inner Mongolia Autonomous Region in China. 30 As a result,
electricity in Mongolia is heavily dependent on imports in recent years. In 2015, the amount of
imported electricity was 1,417 GWh, which was equivalent to a quarter of the total domestic power
generation, 5,513 GWh (Figure 22).

30

The Chinese owner and operator of this interconnection with southern Mongolia is not the transmission
company State Grid Corporation of China, but a vertically integrated power company called Inner Mongolia
Power (Group) Co., Ltd, which is run by the local government of the Inner Mongolia Autonomous Region.
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Total amount of
generated electricity

Amount of imported
electricity

Figure 22 Transition of the total amount of generated electricity
and imported electricity in Mongolia
Source: Created by Renewable Energy Institute based on Mongolia National office of Statistics

Through these interconnections with Russia and China, Mongolia can make use of power sources in
neighboring countries to provide electricity to an area with poor power sources (copper mine area in
the south) and also to an area when the power sources are insufficient (winter peak). By utilizing the
interconnections, Mongolia can avoid holding excessive generation capacity only to meet the winter
peak demand. Moreover, electricity imported from China made it possible to launch the copper mine
project in the south before the development of domestic power plants.
However, electricity imported from Russia and China is relatively expensive. While the retail price for
households in Mongolia was about 6 U.S. cents/kWh in 2015, it is reported that the price of imported
electricity from China for the Oyu Tolgoi copper mine was about 10 U.S. cents/kWh (data in 2014) 31.
Import costs have been a financial burden for Mongolia. In the future, Mongolia is expected to utilize
interconnection to export electricity from Mongolia by making use of a rich renewable energy potential.
2)

Russian Far East – Northeast China: Joint use of hydropower between neighboring countries

Electricity is exported from Amur Oblast in the Russian Far East to Heilongjiang Province in Northeast
China through the interconnection across the Amur River (Figure 23). Previously, the amount of
electricity exported from Russia was 1,000 GWh or less per year. However, since completion of the
500 kV high-voltage transmission line in 2011, the export amount has been increased to a level of more
than 3,000 GWh in recent years.

31

http://mad-intelligence.com/should-we-keep-importing-electricity/
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Zeya 1330 MW

Russia
Bureya 2010 MW
Nizhne-Bureya 320
MW
(under construction as of 2016)

China

Figure 23

Heilongjiang
Province

Locations of the Russian Far East – Northeast China interconnection
and hydropower plants
Created by Renewable Energy Institute

In Heilongjiang Province, coal-fired power plants account for a large percentage (76%) of generation
capacity, and air pollution has been a serious problem. This interconnection is connected to Zeya
Hydropower Plant (capacity: 1,330 MW) in the Amur River basin to supply electricity to China by
utilizing renewable energy in the Russian Far East. For Northeast China, this can be an option to meet
its electricity demand without increasing coal-fired power plants. In the Amur River basin, there is also
Bureya Hydropower Plant (capacity: 2,010 MW), as well as other hydropower projects such as ongoing
Nizhne-Bureya (capacity: 320 MW). As the population of Amur Oblast is approximately 800 thousand,
large electricity demand cannot be expected within the region. Therefore, if hydropower plants in the
Russian Far East are utilized to supply electricity to Northeast China, both countries can gain benefits
based on the differences in power supply structures.

Figure 24

Amount and price of electricity exported from Russia to China

Source: Created by Renewable Energy Institute based on Customs Statistics of the Russian Federation
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In electricity trading between Russia and China, the export price is set according to the on-grid price
(official sales price of the power plant) at the export destination, Heilongjiang Province, based on a
contract. As the export price has declined recently, Russia has decreased the export amount (Figure 24).
Because this trading is done by negotiation based on a long-term contract and the prices are set on a
yearly basis, it is difficult to adjust the prices flexibly according to market conditions. In the future, a
trading system that allows flexible price setting reflecting generation costs and supply-demand
conditions will be required.
To sum up, there are the following issues in the existing interconnection in Northeast Asia (Table 6).
First, while some countries gain certain benefits by utilizing power sources of a neighboring country
for the peak demand, the main use of the interconnection is one-way export, and there is no mutual
trading, considering differences in supply-demand patterns. Second, because the trading is based on a
long-term contract between the two countries on a negotiation basis, the prices are decided according
to the relative strength of the countries. Therefore, generation costs and actual supply-demand
conditions are not necessarily reflected in price setting and trading. Third, although hydropower plants
are utilized in Russia’s export of electricity to China, its main purpose is not necessarily cross-regional
utilization of renewable energy at the moment. Therefore, if we make the most of differences in supplydemand patterns and generation costs depending on power supply structures, greater benefits can be
gained by interconnection in the Northeast Asia region. To make this come true, it is necessary to utilize
low-cost renewable energy preferentially and develop a trading system to flexibly adjust prices based
on actual supply and demand.

Table 6 Summary of current status and issues of interconnection in Northeast Asia

1
2
3

Current status
One-way export to countries with
insufficient power sources
Long-term trading between the two
countries on a negotiation basis
Thermal power generation may be used to
export electricity

Required direction
Mutual trading based on differences in
supply-demand patterns
Market trading including spot trading with
multiple participants
Export and import focused on renewable
energy

Created by Renewable Energy Institute

Section 4

International power grid schemes surrounding Japan: From concept to the real plan

As shown in Section 3, there are multiple bilateral interconnections in Northeast Asia, but their
operation scale is limited, and they have not been developed enough to be called an international power
grid. On the other hand, since the 2000s, research institutions in some countries have released their
visions for interconnection in Northeast Asia (Table 7).
1)

International power grid schemes in Asia by research institutions

In 2002, the Korea Electrotechnology Research Institute, KERI, and Energy Systems Institute, ESI, of
the Russian Academy of Sciences announced a proposed Northeastern Asia Power System Integration
Project. In this joint scheme between the Korean and Russian research institutions, the plan to
interconnect the Russian Far East and South Korea via North Korea has been considered32. Also, since
2009, the Hanns Seidel Foundation has proposed the GOBITECH Initiative to provide electricity to
32

Sergei Podkovalnikov POWER GRID INTERCONNECTION IN NORTHEAST ASIA:PERSPECTIVES
FROM EAST RUSSIA.
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coastal areas in China, North Korea, and South Korea by utilizing solar PV in the desert areas in
Mongolia and China (connection to Japan has also been proposed since 2011).
The accident at the TEPCO’s Fukushima Nuclear Power Plant in March 2011 and the power crisis
caused by the accident were a major turning point for Japan. Renewable Energy Institute has proposed
an Asia Super Grid based on renewable energy. The goal is to utilize renewable energy across Asia by
connecting China, South Korea, Russia, and Japan via an international power grid using solar and wind
power generated in Mongolia as the main power supply.

Russia
Mongolia

China

Figure 25

South
Korea

Japan

Asia Super Grid

Created by Renewable Energy Institute

In addition, the private council Japan Policy Council proposed “Asia Pacific Power Grid” as its first
recommendations 33. The Council specified that this scheme aims to overcome the issues of renewable
energy as unstable power sources by interconnection and establish the Asia partnership in energy
coordination.

33

Japan Policy Council First Recommendations: Energy Creation for the realization of an Asia Pacific Power
Grid (energy version of TPP), October 7, 2011.
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Table 7 Examples of international power grid schemes in Asia

Scheme name

Scheme owner

Year of
scheme
proposal

North East Asian Electrical System Ties

Korea Electrotechnology Research
Institute and ESI in Russia

2002

GOBITECH Initiative

Seoul Office of Hanns Seidel
Foundation, etc.

2009

Asia Super Grid

Renewable Energy Institute

2011

Asia Pacific Power Grid

Japan Policy Council

2011

Source: Created by Renewable Energy Institute based on Electric Power Grid Interconnections in Northeast
Asia, Asia Pacific Energy Research Centre, 2015 Jaeyong Yoon, KERI, 2016, etc.

2)

International power grid schemes in Asia by enterprises

Proposals introduced above are mainly from research institutions, and their schemes are highly
conceptual. On the other hand, companies that would serve in main roles promoting interconnection
projects also are carrying out studies for the realization of the projects. For example, a study report on
a Japan-Russia Power Bridge Project that would link a thermal power plant on Russian Far East
Sakhalin Island to Niigata via Hokkaido, using undersea transmission lines was already released in the
first half of the 2000s (Figure 26) 34. This is a feasibility study conducted by Marubeni, Sumitomo
Electric Industries, and Russia’s Unified Energy System (vertically integrated monopoly dissolved in
2008). This study report proposed the schedule to start 2 GW transmission in 2010 and 4 GW
transmission in 2012. This project has not been implemented as of 2017, but schemes to export
electricity from the Russian Far East to Japan have continuously been studied by multiple enterprises.

34

Ryosuke Hata, “The Kyoto Protocol and the Northeast Asia Energy, Resource, Environmental and
Economic Cooperation Region,” SEI TECHNICAL REVIEW, September 2005
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Plan to supply power from Sakhalin to Japan

Sakhalin 1
Sakhalin 2
Russia
Khabarovsk
Gas pipeline
Site to construct
the power plant
Korsakov

Aerial transmission line

Aniva Bay
Ishikari

Under sea
cable
Kashiwazaki
Pacific Ocean
Sea of Japan
Tokyo

Figure 26

Cable route of the Japan-Russia Power Bridge Project

Source: “The Kyoto Protocol and the Northeast Asia Energy, Resource, Environmental and Economic Cooperation Region”
by Ryosuke Hata, SEI TECHNICAL REVIEW, September 2005

Furthermore, since 2011, international power grid concept has been proposed mainly by power and
transmission companies in Northeast Asia. Inspired in part by the Asia Super Grid vision mentioned
above, major transmission companies in Asia start to formulate their own international power network
scheme in Asia in conjunction with the vision.
For example, the Korea Electric Power Corporation announced the Northeast Asia Super Grid plan in
2014 in cooperation with the Russian research institution Skoltech and other organizations. The
company set out the concept of a Smart Energy Belt that connects Japan, China, South Korea, Russia,
and Mongolia with a highly efficient electricity supply-demand system combining power storage
technologies and smart grid 35. In addition, at an international conference held in Tokyo in 2016, the
Korea Electric Power Corporation proposed a Northeast Asia Interconnection Vision as a vision of an
international power grid connecting Northeast Asian countries (Figure 27).

35

HWAN-EIK CHO “Smart Energy Belt towards de-carbonization of Asia” 2016.09.09.
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Figure 27 Korea Electric Power Corporation “Northeast Asia Interconnection Vision”
Source: Hwan-Eik Cho, President of Korea Electric Power Corporation, lecture document September 9, 2016)

Moreover, in 2015, the State Grid Corporation of China (SGCC), the world’s largest power
transmission company, announced its Global Energy Interconnection (GEI) vision. This is a vast vision
calling for connecting the world through ultra high-voltage transmission systems (Figure 28). Its
proposed time schedule includes reaching a consensus by 2020, formation of grids on each continent
by 2030, formation of intercontinental grids by 2040, and completion of grids on a global scale by
2050. Also, the GEI vision stresses the goal of putting variable renewables such as solar and wind
power to maximum use. In this respect, it shares a similar feature with “Asia Super Grid” introduced
above. In addition, the target year of 2050 set for the realization of a global power grid is associated
with the target of the Paris Agreement.
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Figure 28

International power grid in Asia in the GEI vision

Source: Official website of the international non-profit organization “Global Energy Interconnection Development and
Cooperation Organization (GEIDCO)”

In March 2016, the international nonprofit foundation Global Energy Interconnection Development
and Cooperation Organization (GEIDCO) was established with the goal of realizing this GEI concept.
Consisting of research institutions and relevant enterprises in various countries, GEIDCO aims to
develop a global power grid to utilize renewable energy. At the international conference (“Global
Energy Interconnection – meeting the global demand with green and clean alternatives”) held in
Beijing on March 30, 2016, SoftBank Group in Japan, State Grid Corporation of China, Korea Electric
Power Corporation, and Rosseti (Russia’s state-owned transmission company) concluded a
memorandum of understanding on research and planning for the promotion of the international power
grid. If interconnection among Asian countries is realized, Japan’s counterparts, State Grid Corporation
of China, Korea Electric Power Corporation, and Rosseti, will be direct players in charge of operation
of the interconnections by themselves. These enterprises’ announcement of the roadmap for their goals
shows that the Asia international power grid scheme has entered a new phase.
It also is worth noting for Japan that the Russian government has formally made a specific proposal on
interconnections between the two countries. In September 2016, the Eastern Economic Forum was held
in Vladivostok in the Far East. At its plenary session, President Putin said, “we support the initiative
of Russian, Japanese, South Korean, and Chinese companies to create an Energy Super Ring linking
our countries.” He also proposed setting up an intergovernmental working group for the initiative.
In this way, enterprise-driven movements towards the realization of the Asia international power grid
scheme have been accelerated since 2016. Recent movements show that, as compared with the previous
scheme, the main actors of interconnection are more directly involved with the project. Now, they are
aiming for intergovernmental agreement and realization of the project, as well as setting the utilization
of renewable energy as one of the main goals. Without a supranational body as in Europe, how will
Asian countries coordinate with each other across the borders? We should keep an eye on the future
development.
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Chapter 4: The Feasibility of an International Power Grid in Japan and Future Issues
Lastly, Chapter 4 will review the current situation of the electricity system in Japan based on the
discussions in the above chapters, and explore the possibility of realization of an international power
grid in Japan. We will suggest a need for domestic reform, and then sort out specific challenges for the
future.
Section 1

Japan’s electricity system and international power grid

Why is there no interconnection in Japan? The first reason is that Japan is an archipelago. This has
certainly been a major physical barrier for Japan, as you can see from the fact that China and Russia
have interconnection with surrounding countries connected by land. The second reason is the weakness
of moves toward economic interaction in Northeast Asia due to the instability of the region’s diplomatic
relations. In addition to these reasons, what we would like to point out as an issue is the state of Japan’s
existing electricity system.
Until the 1990s, legal monopoly was the norm for the electricity system in many countries, including
Japan. In the power sector, where economies of scale are highly effective, it was economically
reasonable for the government to limit the number of suppliers and let them monopolize the market in
certain areas for the entire process from generation, to transmission, to retail. However, since the 1990s,
this system has collapsed and been replaced with one based on market competition, and independent
transmission companies were established in the name of unbundling in many developed countries. A
series of reforms starting from this electricity liberalization has accelerated interconnection as shown
in Chapter 1 and Chapter 2.
However, the pace of the progress has been quite slow in Japan. Although liberalization has moved in
Japan in stages since 1995, unbundling has not been introduced, because steady supply took precedence,
and market competition has failed to advance. It was hard to expect power companies to operate interregional transmission or interconnection as they had been required by the Electricity Business Act to
be responsible for the supply-demand balance in each region.
In addition, limited deployment of renewable energy is considered to have negatively affected the
development of interconnection in Japan. In fact, from the viewpoint of grid operators, variability of
renewable energy was a difficult problem, and they had low motivation for its active deployment. As
the priority of renewable energy was still low in the national policies, the momentum for constructing
interconnections as a measure for variability was not developed.
However, since the accident at TEPCO’s Fukushima Nuclear Power Plant, full-fledged power-system
reforms have been undertaking in Japan too. Reflecting on rolling blackout in eastern Japan in 2011,
people became more aware of the necessity for inter-regional transmission operation to share electricity
between different regions. Also, the need to utilize free market increased from the perspective of
demand response. Moreover, introduction of renewable energy became necessary, which required
opening of grids and measures for variability.
Consequently, in April 2013 the Cabinet decided on a Policy on Electricity System Reform, in 2015
the Organization for Cross-regional Coordination of Transmission Operators was established, in 2016
retail sales of electricity went to full competition, and progress is being made toward legal unbundling
of power generation and transmission by 2020. Effective utilization of domestic regional
interconnections is an urgent task, and the needs for their further expansion or inter-regional
transmission operation have become regular topics of discussion. Transmission business will continue
to be subject to regulation. However, it can be expected that once plans have been developed for
construction of a grid based on a nationwide perspective and an appropriate mechanism developed for
recovery of investment, then efficient expansion and operation, as in Europe, could be expected. In this
way, an environment to realize an international power grid has finally started to develop in Japan.
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At the same time, such a new business environment requires a very difficult challenge in management
on the part of incumbent utilities. Nonetheless, it is highly likely that regional differences will appear
in Japan’s power supply structure and each utility company will have its own stresses. TEPCO has
already implemented unbundling, and TEPCO Power Grid was established in April 2016 as a
transmission company. Since retail sales of electricity and gas were liberalized, cooperation has been
made across industries. From a global perspective, renewable power generation and transmission
industries continue to be growing as international competitions are becoming more active. If the
international power grid activates competition in the Japanese market and promotes business expansion
to overseas markets, great business opportunities will be brought to the Japanese electricity industry,
which could enhance its international competitiveness.
Then, does Japan need interconnections? Let’s review the discussions in Chapter 3 again. First of all,
since electricity prices in Japan are very high by international standards, there would be a strong degree
of inducement of cheaper electricity imports from Russia and other countries. It has also been found
that Japan’s prices are different from those of South Korea, depending on hours. Second, although the
power supply structure does not have a high degree of complementarity at present, growth in
renewables is particularly pronounced in Japan and China (Figure 2, Figure 3), and the Russian Far
East and Mongolia have massive potential. Interconnection would accelerate the development of
renewables and that would bring the flexibility with management of variable renewables. Third, as for
the market scale, Japan, China, and South Korea are very large electricity markets, and linking them
would result in a market surpassing those of Europe and North America in size, leading to massive
results in price adjustment and mutual complementarity (Figure 29).
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Source: Created by Renewable Energy Institute based on IEA, Energy Balances of OECD Countries 2015,
Energy Balances of Non-OECD Countries 2015
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In terms of diplomatic relations, Japan indeed has various problems with neighboring countries. With
the historical background, there are mixed public sentiments in these countries. However, there is no
arguing the fact that there is a need for greater international cooperation in Northeast Asia. For example,
the Russian government has proposed a plan for practical interconnection, as mentioned above. Now
that renewable energy has been globally deployed on a massive scale, there is a high likelihood that
progress in interconnection would intensify interdependence and contribute to progress in diplomatic
relations. As for electricity liberalization, all countries in Northeast Asia are making relatively slow
progress at the moment. However, because many of the countries have state-owned utilities, rapid
domestic system reform in conjunction with interconnection may be possible if the governments take
serious action.
Section 2

Challenges of domestic grid operation and the need for electricity system reform

For Japan to build an international power grid and maximize its benefits as shown in this report, there
is a need for further reforms to the domestic power system that would receive such electricity. Japan’s
electricity system has conventionally been developed and operated based on a centralized supplydemand operation mainly consisting of long-term fixed power sources such as nuclear power plants.
However, since distributed generation facilities increased due to the recent expansion of renewable
energy deployment, problems in conventional grid operation have become obvious. In particular, we
would like to focus on the issues of “first-come-first-served” in grid operation.
1)

First-come-first-served in grid connection and use

To deliver electricity to consumers, power generation facilities need to be connected to grids owned by
general transmission and distribution companies. However, the recent expansion of renewable energy
deployment has caused a significant delay in the connection of power generation facilities. As
application of renewable power generation facilities for the use of grids has increased, the grid capacity
in each area has become insufficient. It takes a long time to upgrade a grid to increase the capacity, and
power companies applying for grid connection need to pay high costs for the upgrade. Therefore, some
companies have given up the connection because of time and costs. At the moment, upgrade of grids
is required in many areas across the country (Figure 30).
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Status of grid constraints in Japan

Source: Organization for Cross-regional Coordination of Transmission Operators (OCCTO)
(The grids shown in red in the figure do not have sufficient available capacity
and need to be upgraded to accept new connection.)

What hinders the use of grids by such new entrants is the “first-come-first-served rule” in grid use.
This rule guarantees the constant use of the grid (power supply) with a maximum output to a power
generation facility that connected to the grid earlier. This enables existing power plants to use the grid
and supply electricity to consumers for a long term, such as 40 years, which reduces the uncertainty of
investments. On the other hand, if new entrants want to access the grid, they are required not to obstruct
the use of the grid by existing companies, which means that they can only use the remaining capacity
of the grid. Then, if the available capacity is insufficient, they need to upgrade the grid at their expense.
As a result, even if new power generation facilities can generate electricity at low cost, they cannot
deliver it to consumers. Acting as a barrier to transition to new power sources, this first-come-firstserved rule is a strict rule for new entrants.
2)

First-come-first-served in inter-regional transmission operation

The issue of first-come-first-served within the region can also be seen in inter-regional transmission
operation. Electricity connected to the grid is not only consumed in the coverage area of a general
transmission and distribution company (such as the Tohoku Electric Power area), but also transmitted
to other areas (such as the TEPCO area adjacent to the Tohoku Electric Power area), so that it can be
used by more consumers. Such inter-regional transmission of electricity is operated through the
regional interconnections between general transmission and distribution companies.
Recently, these regional interconnections are also facing the lack of available capacity, which makes it
difficult to accept new renewable power sources. Some long-term fixed power sources such as nuclear
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power plants are utilized as inter-regional power sources to supply electricity to multiple coverage
areas through the regional interconnections. The rights to use regional interconnections have been
allocated to such inter-regional power sources under the principle of first-come-first-served. Moreover,
the rights to use have been contracted and renewed on a long-term basis, such as 10 years.
Accumulation of these contracts has reduced the available capacity of the interconnections. Flooded
with requests for access from renewable power generators and other facilities in this situation, the grid
capacity needs to be expanded. In this way, by guaranteeing the use of existing companies and limiting
the use of new entrants, the first-come-first-served rule blocks the inter-regional transmission operation
of new power sources, and hence the deployment of renewable energy also in regional interconnections.
Plans call for revising the concept of first-come-first-served in regional interconnection. More
specifically, the “implicit auction” system will be adopted. This system will allocate all capacity of
interconnections according to spot trading in principle, and make inter-regional transmission operation
more efficient. By the abolition of the first-come-first-served rule, it is expected that unfairness
between existing companies and new entrants will be improved and the utilization rate of regional
interconnections will increase.
However, a problem still remains: if the implicit auction is introduced, inter-regional transmission
operation will be conducted through the day-ahead market. Therefore, all participants will take risks
of price volatility and market segmentation (area prices). As a provisional measure for these risks,
existing companies 36 which have been guaranteed their interconnection capacity by the first-comefirst-served rule can receive compensation for additional costs related to the area prices from Japan
Electric Power Exchange without any charge for 10 years (implicit transmission right). Therefore,
companies that have secured its capacity by the first-come-first-served rule can trade in the market on
more favorable conditions with less risks than new entrants. Even after the introduction of the implicit
auction, the trading environment is far from fair for new entrants.
3)

Influence of the first-come-first-served rule on interconnection

The first-come-first-served rule in grid connection and usage is highly likely to affect interconnection
operation. First of all, the possibility of connecting points in Japan in implementation of
interconnection is determined by the remaining capacity of the grid after setting aside the capacity used
by existing power plants based on the first-come-first-served rule. If the available capacity is
insufficient, the grid connected to the connection point needs to be upgraded. This could delay the
progress of the entire project and increase the total costs of the international transmission business,
because it needs to cover the costs of the upgrade.
As for the first-come-first-served rule in inter-regional transmission operation through interconnection,
if the implicit auction currently planned is introduced, imported electricity will be consumed in the
connected area as well as transmitted to other areas mainly through the day-ahead market. However,
existing companies that have secured its interconnection capacity by the first-come-first-served rule
will be able to receive compensation for risks of price volatility and area prices in spot trading for 10
years. In other words, risks in market trading will be reduced for existing power sources compared
with electricity imported through interconnections, and unfair competition may be imposed on
imported electricity.

36

The provisional measure will be implemented for retailers on the premise that they continue to contract with
power generation companies that they designated as the power supplier in conventional trading through
interconnections.
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Section 3

Suggestions for reform of the domestic electricity system towards interconnection

As shown in Section 2, grid operation based on the first-come-first-served rule reduces uncertainty of
operation for existing power sources, but new power sources may be forced to compete in the dayahead market under unfavorable conditions. As a result, benefits to be brought by interconnection may
not be realized as projected in this report. Moreover, the scale of the day-ahead market itself is small
in Japan. Therefore, expansion of the market as well as development of domestic grids to accept
interconnections are urgently needed. Based on these viewpoints, we would like to make the following
specific suggestions for reform of the domestic electricity system.
1)

Reform of the first-come-first-served rule

First, the grid capacity secured by the first-come-first-served rule should be verified. Current shortage
of the available capacity may be caused by excessive allocation of the interconnection capacity to
existing facilities based on the first-come-first-served rule. By estimating the power flow of domestic
grids assuming the operation based on merit order, OCCTO pointed out that most of grid congestions
shown in Figure 30 would be eliminated, and presented more efficient operation of existing facilities
as one of the tasks.
Second, operational measures for the capacity shortage should be implemented. The first-come-firstserved rule requires the grid to be upgraded when the capacity is insufficient. However, this will
considerably delay new grid connection. For example, the UK previously adopted a grid connection
rule similar to the Japanese one, requiring the grid to be upgraded when the capacity is insufficient.
However, in 2011, this rule was revised so as to allow new connection before the upgrade of the grid
even when the capacity is insufficient. Accordingly, operational measures (congestion control) such as
the limitation of output from solar PV or wind power and the redispatch of thermal power have been
implemented to deal with the risk of the power flow exceeding the grid capacity. In the long run, it is
expected that the shortage of the grid capacity will be eliminated in terms of facilities by the completion
of the grid upgrade work.
Third, fairer inter-regional transmission operation should be realized. In Japan, inter-regional
transmission operation was conducted by contracts based on negotiation under the principle of firstcome-first-served. In the near future, implicit auction will be adopted, and inter-regional transmission
operation will be conducted mainly through the day-ahead market. However, according to the current
discussions, a transitional period of 10 years (implicit transmission right to compensate for area prices)
would apply to existing power supplies, which will allow them to trade in the market on more favorable
conditions with less risks than new entrants. Corrective measures required for this situation include:
(1) charge existing companies for implicit transmission rights; (2) sufficiently secure capacity for
implicit transmission rights to be obtained by new entrants in the auction.
2)

Vitalization of wholesale electricity trading

There are nine bidding areas in Japan. The available capacity of regional interconnections is utilized to
maintain a trading balance of bidding in each area on a nationwide basis. If it is well-balanced in all
areas, including inter-regional transmission operation, the spot price will be the same across the country.
However, if the capacity of regional interconnections is insufficient and a trading imbalance fails to be
eliminated in a certain area, a market for that area will be separated, and an area price, which is a unique
price for the area, will arise.
In the first place, the small volume of trading in this day-ahead market is a major issue in Japan. The
total volume of spot trading in Japan is 15.4 TWh, which accounts for only about 2% of the total
electricity demand in Japan (in FY2015). With this trading volume, what would happen if international
transmission of 1 GW becomes available? For example, in the case of BritNed, electricity of about 8
TWh per year is exported from the Netherlands to the UK. This means that the volume of electricity
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imported through interconnection is very small compared with the total electricity demand in Japan,
but very large compared with the trading volume in the day-ahead market. In addition, given that the
imported electricity is traded in the area where it is interconnected, sales bids may increase
considerably in that area, which could result in frequent area prices. Therefore, in order for a large
volume of electricity to be traded in the day-ahead market based on economic efficiencies, including
interconnection, the volume of transactions in the wholesale electricity market needs to expand.
Moreover, how to handle the revenues from price differences between bidding areas when area prices
occur is one of the issues to be discussed in Japan. When the market is separated into areas in the dayahead market, the wholesale electricity exchange will adjust the trading volume between areas. They
will transmit the electricity traded in the low-price area to the high-price area through the regional
interconnection and sell the electricity there. As a result, the revenues from price differences between
bidding areas (= difference in area prices (yen/kWh) x capacity traded through the interconnection
(kWh)) will be generated. This corresponds to congestion charges in Europe.
These revenues from price differences between bidding areas have until now accumulated on the Japan
Electric Power Exchange as reserves, and are not necessarily being put to effective use. However, as
shown in Section 3-2) of Chapter 2, these revenues from price differences between bidding areas
caused by the market segmentation is one of the sources of income for interconnections in Europe. It
is used for the reduction of transmission fees and investments in new interconnections, and contributes
to vitalization of the transmission business. There is a need to review the way such revenues are used
and to make it possible for TSOs to invest them in grid enhancements in Japan.
3)

Drastic strengthening of grid system and reorganization and integration of transmission business

Finally, the following two points should be examined as longer-term measures. The first point is drastic
strengthening of domestic grid system. OCCTO sorted out the directions on the development and
replacement of grids on a nationwide basis, and formulated the “long-term vision of cross-regional
network development” in March 2017. This vision is based on the power supply structures in 2030
assumed by the government. However, considering the recent renewable energy expansion and
remarkable reduction of costs for solar PV and wind power generation particularly overseas, the future
environment is likely to change significantly. While preconditions related to the development plan for
domestic grids are changing greatly, we need to drastically overhaul the form of an economically
reasonable electricity system for the next generation in light of international power grid schemes in
Northeast Asia.
In Europe, ENTSO-e plays a coordinating role to examine the Ten-Year Network Development Plan
(TYNDP) on the premise of the enhancement of coupling among international electricity markets
across Europe and the massive expansion of renewable energy deployment. Also, as the price of
undersea transmission cables decreased and trading in international electricity markets became
activated, long-distance transmission using high-voltage direct current (HVDC) cables longer than 700
km has become a profitable business. Japan should also consider the development of a long-distance
HVDC grid as a new backbone of domestic grids, by linking connection points of interconnections and
areas with high renewable energy potential to urban areas with large electricity demand, using longdistance HVDC transmission cables.
Another point is full-fledged reorganization and integration of transmission business. Now, OCCTO is
studying how to operate regional interconnections, how to handle the margin of interconnections, how
to utilize cross-regional coordination capability, and so on. While these are important topics for
streamlining grid operation, the root problem is caused by grid operation that is split into 10 areas. In
Japan, general transmission companies have conventionally operated in their coverage areas and other
areas according to the segmentation of 10 supply areas. However, in terms of both operation technology
and strengthening of business foundation, the transmission business can be operated more reasonably
when it covers the whole country integrally.
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As the vertically integrated system covering from generation, to transmission, to retail will be dissolved
by unbundling in the future, needless to say, reorganization and integration of transmission business is
a challenge to be addressed. It is expected that cross-regional integration of transmission business will
not only facilitate inter-regional transmission operation but also promote investments in grids.
Reorganization and integration of transmission business was also proposed in the recommendations
submitted by the Committee for Reforming TEPCO and Overcoming 1F Challenges in December 2016.
Section 4

Legal considerations to work on international transmission in Japan

Now, what should we specifically do in the legal system to implement interconnection in the future?
Interconnection involves grid operation and electricity trading between countries with different legal
systems. Therefore, in order to conduct them smoothly, it is necessary to coordinate different systems
in cooperation with relevant countries and companies. Also, as the current legal structure of electricity
business in Japan does not take interconnection into account, the system needs to be improved to make
interconnection possible. In the following paragraphs, we discuss an overview of the main
considerations in terms of both international arrangements and domestic legislative development.
1)

International arrangements – A shared recognition regarding systems and cooperative relations

First, we would like to look at interconnection construction and its ownership/operation. Japan as a
nation whose land is surrounded entirely by water, interconnection necessarily involves undersea
cables. Each country may install undersea cables freely in extraterritorial waters (refer to Articles 57,
79, and 87 of the United Nations Convention on the Law of the Sea). Since the waters between Japan
and Russia and South Korea, anticipated as partners for installation of such cables, consist only of each
country’s exclusive economic zone, once agreements are concluded with these countries, there would
be no particular problems with their installation under the treaty. Also, many fiber-optic cables for
telecommunication are installed in the seas around Japan (Figure 31). Although transmission lines and
communications cables are technically different, in the Convention they are both treated as “submarine
cable” with almost no distinction 37. This means that a certain amount of experience in undersea cable
installation has been accumulated in Japan.

37

Douglas R. Burnett, Robert C. Beckman, and Tara M. Davenport “Submarine Cables, The Handbook of
Law and Policy” p320.
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Figure 31

Undersea communications cables around Japan

Source: TeleGeography Submarine Cable Map 2016. http://submarine-cable-map-2016.telegeography.com/

Consensus on ownership and operation of interconnections between relevant countries is also required.
The legal systems may vary by country regarding who owns and operates interconnections. Moreover,
the transmission business is subject to foreign investment restrictions in many countries including
Japan, and in this case whether or not a foreign company can invest is judged by the government.
Therefore, there is a need for a shared recognition regarding its ownership/operation structure
(including whether to establish a corporate joint venture or a contractual one, etc.) between related
countries at a governmental level. Also, there is a need to consider matters such as how to set
transmission fees for interconnection, distribution of revenues and maintenance costs, whether to
restrict for-profit use, and how to allocate interconnection capacity. If these matters are handled
differently in each country depending on the legal system, they will be examined between the countries.
Otherwise, they will be examined between the companies involving the project.
Next, there is a need for cooperative relations regarding connection to the domestic grids. Electricity
transmitted through interconnections will flow into the connected domestic grids. Securing stable
supply of electricity while maintaining voltage and frequency will require coordination and
information sharing among operators of the connected grids. Therefore, it is essential that cooperative
relations be built between operators of interconnections and transmission companies in the country
where the interconnections will be connected.
Harmonization of the framework for electricity transactions is also needed. It is conceivable that
electricity transactions could take the forms of both direct dealing and market transactions. Because
benefits of the countries are greatly affected by the type of trading selected as the main one, shared
recognition between the countries is necessary. If imported/exported electricity is to be traded in the
market on a mandatory basis, related laws and regulations will need to be developed accordingly. Also,
eligibility for market participants, commodities to be traded, and the design of the system used for
trading should be examined by relevant countries and companies. In addition, for the purpose of market
surveillance, authority of regulatory bodies of the relevant countries and establishment of cooperative
relations with them may need to be considered.
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Lastly, it probably would be necessary to establish means of dispute resolution as well. Like
investments and trading in other fields, various disputes can be expected concerning ownership and
operation of interconnections as well as electricity trading. The means can be defined by the companies
in charge with an international contract (international arbitration is common), or by an agreement
between the countries 38.
2)

Examples of international agreements among foreign countries

In starting up interconnections with other countries, there have been many cases where agreements
(MOU, etc.) were concluded under the leadership of national governments or government bodies. In
Europe, a common legal framework for interconnections is formed by EU directives and regulations
under the Treaties of the European Union. Therefore, there is not much need for agreements between
member states on basic matters for installing them. However, in some cases, member states sum up
specific system reforms and target schedules in the form of an agreement document. In other regions
which do not have a supranational legal framework as in Europe, bilateral agreements or multilateral
agreements under the regional economic cooperation framework are concluded to realize
interconnection. The latter includes confirmation of the significance of interconnection installation and
electricity trading as well as promise of future cooperative relations among relevant countries.
The following are some examples of agreements concluded by foreign countries.

38

If default of an international contract is caused by a policy change of the country, taking a legal action
against the country can be expected. Although certain conditions need to be met, bilateral investment
treaties and the Energy Charter Treaty specify a procedure for the company to sue the partner country
directly, while the WTO provides a dispute resolution procedure for both countries acting as the parties.
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Table 8

Examples of international agreements related to interconnection
Countries

Agreement

Contents of the agreement

Ireland/UK

All-Island Energy Development Framework
Establishment of the unified
(2004.11) 39
electricity market and
Memorandum of Understanding between the
formulation of its rules
Government of the United Kingdom of Great Britain
and Northern Ireland and the Government of Ireland
THE SINGLE ELECTRICITY MARKET (SEM)
ARRANGEMENTS (2006.12) 40

USA/Canada

Principles for an electric reliability organization that
can function on an international basis (2005.8) 41
The federal and provincial governments of Canada
approved the standards formulated by the North
American Electric Reliability Corporation (NERC)
in the U.S with an MOU, etc. 42

Standardization of the rules
for inter-regional
transmission operation

USA/Mexico

Principles to promote the reliability and security of
the interconnected power system of the United
States of America and the united Mexican States
(2017.1) 43

Cooperative relationship to
standardize the rules for
inter-regional transmission
operation

France/UK/Ireland

FRANCE-UK-IRELAND ELECTRICITY
REGIONAL INITIATIVE WORK PLAN 20112014 (2011.11) 44

Operations and schedule to
standardize the rules for
inter-regional transmission
operation

China/Russia

Memorandum about mutual understanding between
Ministry of Energy of Russian Federation and China
National Energy Administration for development of
Power Grid sector (2010.9) 45

Cooperation between
government agencies

Countries
participating in the
Southern African
Power Pool (SAPP)

The Intergovernmental Memorandum of
Specification of means of
Understanding for the Establishment of the Southern dispute resolution
African Power Pool (1995.8) 46

Source: Created by Renewable Energy Institute based on agreement documents

39 http://www.seai.ie/Renewables/Renewable_Energy_Policy/Policy_Initiatives/15_allislanddevelopmentfram
ework23-11-04.pdf
40 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/272399/7002.pdf
41 http://www.ieso.ca/imoweb/pubs/ircp/ero/Bilateral_Principles.pdf
42 Energy and Mines Ministers’ Conference “After the Blackout: Implementation of Mandatory Electric
Reliability Standards in Canada” (2015.7),p11,
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/www/pdf/publications/emmc/15-0137%20EMMCAfter%20the%20Blackout-e.pdf
43 https://www.ferc.gov/legal/mou/2017/01-07-2017-mou-eng.pdf
44 Final FUI regional Work Plan 2011-2014
http://www.acer.europa.eu/en/electricity/regional_initiatives/pages/work-programmes-2011-2014.aspx
45 http://minenergo.gov.ru/node/1528 (in Russian)
46 United Nations, Department of Economic and Social Affairs, Division for Sustainable Development “Multi
Dimensional Issues in International Electric Power Grid Interconnections”(2006) p78,
Donal T 0'Leary, Jean-Pierre Charpentier and Diane MIinogue, “Promoting Regional Power Trade The
Southern African Power Pool” (1998.6)
http://documents.worldbank.org/curated/en/655871468778519634/pdf/multi-page.pdf
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3)

Development of domestic legal structure in Japan

Since the legal structure on electricity business in Japan did not envision interconnection, there is a
high likelihood for necessity of consideration on legal and regulatory reforms. Although a wide variety
of matters need to be examined, we will clarify the issues focusing on the license for interconnection
business, and regulations on installation of undersea transmission lines and electricity market trading.
The first topic is the license for interconnection business. When considering international power grid
connection as having the same characteristics as regional grid connections, it is conceivable that the
Transmission Business license under current law (Article 27-4 of the Electricity Business Act, EBA)
could be used. As the current law does not specify provisions on connection to overseas, these
provisions can be added. The Telecommunications Business Act (TBA) can be used as a reference.
This law calls for licensing of telecommunication enterprises regardless of whether they are
international or domestic (Article 9 of TBAe). Its provision specifies that a telecommunications
enterprise shall obtain authorization from the Minister of Internal Affairs and Communications when
it intends to conclude an agreement on important matters related to telecommunications operation with
foreign governments or foreign companies (Article 40 of TBA, Article 27 of the Ordinance for
Enforcement of TBA).
Another method is to establish new licenses especially for interconnections. For example, we can add
a new section titled “International transmission business” to specify the details of the license.
Among other countries, there are examples of both those that specify explicitly the differences between
international transmission licenses and standard transmission licenses under the law (England and
Wales, Ireland, etc.), and those that do not (Northern Ireland, France, United States, Canada, etc.). In
the latter case, some specify the operation of international transmission business as a special case in
the details of the individual license, and some require authorization from the government for
installation of interconnections and international electricity trading. Various forms of regulations can
be considered, depending on the existing systems or policies of the country.
Second, as for regulations on installation of undersea transmission lines, EBA has no specific
provisions concerning installation of undersea transmission lines. However, the Fishery Act does have
provisions concerning installation of underwater cables (Article 39(1)). And in fact, multiple undersea
power cables have been installed in the seas of Japan. Therefore, nonexistence of the provisions would
not be impediments to the installation. As a reference, TBA has provisions on coordination with fishing
rights and protection of submarine cables (Articles 140 through 143). Also, the Wire
Telecommunications Act prohibits the installation of unauthorized international communications
cables (Article 4). Therefore, it is worth considering that EBA would include similar provisions.
Third, it is necessary to ensure participation in electricity markets from overseas. Now we would like
to examine whetherthe Japan Electric Power Exchange (JEPX) currently allow international trading of
electricity. If Japan imports electricity from overseas, foreign power generation companies or power
trading companies may participate in the market as sellers. If Japan exports electricity to overseas,
foreign retailers or power trading companies may participate in the market as buyers.
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In principle, membership is necessary to trade in JEPX (Article 6 of the Japan Electric Power Exchange
Trading Rules). However, its main membership requirements do not consider a foreign company or
trader as a party of the contract (Article 2(1) to (3) of the Japan Electric Power Exchange Membership
Rules) 47. Therefore, the only condition for a foreign entity to obtain membership is to be “qualified”
by JEPX(Article 2(4) of the Japan Electric Power Exchange Membership Rules). To explicitly allow
foreign companies or power trading companies to participate in the market, revisions of these rules
need to be considered.
Meanwhile, bulletin board trading is available for non-members as well (Article 67 of the Japan
Electric Power Exchange Trading Rules). Therefore, when importing electricity into Japan, JEPX can
be used under certain conditions.
Fourth, provisions on tariffs are necessary. As electricity is considered as a good, it can be subject to
tariffs. However, as electricity is not listed in the current Customs Tariff Act in Japan, tariffs for
electricity should be specified in the law. In many countries, the customs duties rate for electricity is
0% 48.
As shown above, in order to work on interconnection, there are various legal and systematic matters.
Progress has been made on interconnections through agreements and coordination among countries
with different legal systems overseas. Therefore, differences in legal systems do not necessarily hinder
interconnection. Also, because legal systems can be changed based on decisions made by the
government, these issues should be handled flexibly in response to the direction of the goal. While
keeping an eye on the progress of ongoing electricity system reform in Japan, as well as looking at
legal systems of Northeast Asian countries, we need to move forward with more detailed examination.

47

48

These provisions require conclusion of a connection service contract or a power generation adjustment
contract with General Transmission and Distribution Utilities. Then, agreements of General Transmission
and Distribution Utilitiess do not consider a foreign company or trader as a partner. For example, refer to
TEPCO Power Grid Wheeling Service Agreement (implemented in April 1, 2016), Section 8 “Contract
requirements” http://www.tepco.co.jp/pg/consignment/notification/pdf/yakkan2804-j.pdf
Among 178 countries and regions in the world, 119 have zero tariff on electricity. Nine countries and
regions, including Japan, have not set tariffs on electricity. (Checked by Renewable Energy Institute based
on WorldTariff, as of February 2017) https://ftn.fedex.com/wtonline/jsp/wtoMainUL.jsp
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Conclusion
As we have discussed so far, an international power grid is economically reasonable in general. Also,
compared with domestic grids, there is no particular technical difficulty in an international power grid.
These aspects have been proved by the long history of the international power grid in Europe. Moreover,
interconnections are utilized not only in Europe but also in Southeast and South Asia. In light of global
renewable energy expansion in the future, many interconnection construction projects are planned
across the world. We can say that there are no absolute reasons that it would be impossible to construct
or operate international power grids in Northeast Asia including Japan .
Actually, there may have been little need for an international power grid in Japan or Northeast Asia in
the past. However, now that China has the largest installed capacity of renewable energy in the world
and Russia and Mongolia have huge potential, we should change the recognition of the continuing
situation where Japan remains unconnected with any neighboring countries. We believe that the 21st
century should be the age of electricity trading not only in Northeast Asia or all over Asia, but also on
a global basis. The fact that other countries of Northeast Asia, as well as their transmission and power
companies, have made proposals for international power grids connecting this region should be given
serious consideration.
The time has come for us to break through the preconceived notion that as an island nation an
international power grid would be impractical in Japan and to recognize that such a network is essential
for both the Japan of today and other countries in Asia and could, ultimately, contribute to resolving
global energy issues.
At the same time, the most important challenge for Japan to launch a specific international power grid
project is the determination as a nation. In order to bring the project into practice, the government must
have a firm commitment to the realization of international transmission of electricity and begin formal
discussions with other countries’ governments.
In light of these topics, it will be essential further to sort out various issues and risks by quantitatively
considering costs and benefits while envisioning practical construction plans for interconnection. In
the meantime, the policy proposals needed by Japan in order to realize these goals must be considered
in more practical term. While this report mainly introduced advanced examples in Europe, the relations
with Asia as a whole should be considered as well, referring to existing cases such as those of North
America and Southeast Asia. By presenting these objective and specific issues extensively, we will
finally be able to break through the preconceived notion.
We are confident that this interim report comprehensively clarifies basic concepts and benefits of the
international power grid, which is unfamiliar to Japanese people. We expect that this report will serve
as a starting point for active domestic discussions on the international power grid in Asia, including
Japan.
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