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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs

1. Interconnector construction route
*2GW DC interconnectors for both
Japan-Russia & Japan-South Korea.

Table 2: Scenario for Japan-Russia interconnector
Power Source

Demand Center

Russia

・Existing hydropower stations along Amur River
・Newly-developed wind power in southern Sakhalin

・Sakhalin
・Continent part of Far East

Japan

・Newly-developed wind power in Hokkaido

・Kanto Area

Table 3: Scenario for Japan-South Korea interconnector
Power Source
renewables in South Korea
South Korea ・Newly-developed
・Assume renewables from Mongolia and China as future options
Japan

・Solar PV in Kyushu

Demand Center
・Mainly in the southern part of
South Korea and Seoul
Metropolitan area
・Kansai Area

Table 4: Reference data
Research Item
Fishery rights, protected areas, etc.
Geology
Depth of sea

Study of Submarine Routes
Marine Cadastre
National Institute of Advanced
Industrial Science and Technology
(AIST) "GeomapNavi," etc.
Japan Oceanographic Data Center,
etc.

Evaluation of Interconnection &
Landing Points
Marine Cadastre
NEDO NeoWins
National Institute of Advanced Industrial
Science and Technology (AIST)
"GeomapNavi," and other datas
-

Land use

-

aerial photos, and other datas.

Grid capacity in Japan

-

power companies' grid maps
Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
1. Interconnector construction route
Route designs of Japan-Russia interconnector
• Routes are less than 400 meters deep (NorNed Interconnector in Europe: 410 meters at the
deepest), and
• Avoid coastal areas with fishery rights and rocky seabed found on bathymetric charts.

Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
1. Interconnector construction route
Route designs of Japan-South Korea interconnector
• Routes are less than 400 meters deep (NorNed Interconnector in Europe: 410 meters at the
deepest), and
• Avoid coastal areas with fishery rights and rocky seabed found on bathymetric charts.

Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
1. Interconnector construction route
Results of route designs
• The shortest routes for Japan-Russia and Japan-South Korea interconnectors are 161 km and 226
km, respectively, and each goes less than 300 meters deep into sea.
• In Europe, for instance, NorNed, a more than 500 km long submarine transmission cable going
deeper than 400 meters into the sea, has been in service for ten years. As well as SAPEI, a
Mediterranean project for submarine transmission cable which interconnects the mainland of Italy
and Sardinia, cables are laid more than 1,500 meters at the deepest.
• The longest route in this report, Sakhalin-Kashiwazaki, is 1,255 km. Europe has a plan to construct
a 1,070 km submarine transmission cable connecting Iceland and Scotland (IceLink).
• With reference to these precedents, the results of the Japan-Russia and Japan-South Korea
interconnectors route designs are physically possible and do not have any certain conditions that
may make their construction especially difficult.
Table 6: Japan-Russia & Japan-South Korea interconnectors: Overview
Japan-Russia
Route
Sakhalin-Kashiwazaki

Length

Japan-South Korea
Max. Depth

Route

Length

Max. Depth

1,255 km

300 m

Busan-Maizuru

627 km

200 m

Sakhalin-Ishikari

455 km

300 m

Busan-Matsue

372 km

150 m

Sakhalin-Wakkanai

161 km

≤ 100 m

Busan-Imari

226 km

120 m

Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
1. Interconnector construction route
Routes between Russia and demand centers in Japan: Overall views
• Four routes are selected including three reaching the Kanto area after cables make a first
landfall in Hokkaido
• R2, R3, and R4 come ashore in Hokkaido, with AC/DC converters installed to integrate
electricity generated from wind power in the prefecture.

Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
1. Interconnector construction route
Routes between South Korea and demand centers in Japan: Overall views
• Three routes are selected including one reaching the Kansai area after cables make a first
landfall in Kyushu.
• Once K3 is connected in Kyushu, 1 GW of power is transferred through Chugoku to Kansai,
and the remaining 1 GW goes through Shikoku to Kansai. A new interconnector needs to be
developed between Kyushu and Shikoku.

Source: Renewable Energy Institute

9

Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs

2. Estimated construction costs
Table 7: Examination of per-km construction cost
Item

Specifications/
References

Description

• The bipole system, which uses two cables for the main line, 1GW each in this estimation, is adopted for
resilience in case of failures with cable. This is also because a single cable with large capacity of 2GW cannot
Bipole/one circuit,
Main circuit
be manufactured at present.
metallic return
configuration
method
• Although ground is usually used in Europe as returning route, the metallic return method is adopted in line with
existing facilities in Japan (Hokkaido-Honshu HVDC Link and Anan-Kihoku DC Trunk Line).
• “Electricity Ten Year Statement 2015,” National Grid (2015) is referred as the publicly available recent cost data
source.
Cost data from
Submarine European cases,
• MI (Mass Impregnated) cable is adopted. MI is commonly used for long-distance submarine cables globally.
cables
MI cable
• In order to have the possibility to use the return line as a main line, the three cables of the same specifications
are adopted. The price of 1.5 times that of 2 cable-case is applied.

AC/DC
converter

ENTSO-E

Overhead
lines

Tohmatsu

Underground
OCCTO
cables

• AC/DC converters were calculated to be placed at both ends of interconnectors, since the power lines transmit
AC electricity in each area.
• The voltage-source converter (VSC), which is generally used in recent years, is adopted to use. VSC is the
self-commutated type of AC/DC converters, that can make an entire system easier to simplify, compared to the
current-source converter (CSC) that has been commonly used so far. The cost data of ENTSO-E (2011) is
referred.
• Since the bipole system is adopted as the main circuit configuration, two 1 GW converters are installed at the
site supporting 2 GW of transmission capacity.
• "Study on the Cost and Period for Construction of Transmission Lines," Tohmatsu (2012) is referred as the
construction cost for Japan’s domestic overhead lines. The report was submitted to a METI’s experts’ study
group on transmission line expansion in March 2012.
• The unit cost of DC ±500 kV overhead lines was calculated based on the cost of DC ±250 kV lines by assuming
the cost of pylons for DC ±500 kV should increase.
• For the per-kilometer cost for underground cables, including civil work, the "Standard Per-kilometer Cost of
Transmission and Conversion Facilities,” OCCTO (2016) is referred.
• Calculation of per-kilometer construction cost for DC ±500 kV cables is based on data on AC 33 kV to 275 kV
cables.
Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
2. Estimated construction costs
The unit cost of the submarine cable is less than half of the overhead line and less than one-third of
the underground cable, which is the cheapest. It is also considered that price competition has been
occurring due to the fact that long-distance direct current submarine cables are being actively laid in
Europe in recent years. The unit cost of Japan’s overhead line is more than twice that of Europe and
the US, and it can be conjectured that unique circumstances peculiar to Japan are working.
Table 8: Examination of per-km construction cost, etc.
Item

Cost

Reference

Remarks

DC submarine transmission line projects DC ±500 kV; transmission
in Europe (SAPEI, MON.ITA, NordLink,
capacity: 2 GW; MI cable; 3
North Sea Link)
cables; cables laid separately

Submarine
cables

293 mn. JPY/km

AC/DC
converter

15.7 bn. JPY/unit ENTSO-E 2011

Overhead
lines

664 mn. JPY/km

Data from Tohmatsu on construction cost
Estimated cost for DC 500 kV
for transmission lines (2012)

Underground
cables

915 mn. JPY/km

Standard cost estimated by OCCTO
(March 29, 2016)

VSC 1,250 MW;
Lowest value at 500 kV

Estimated cost for DC 500 kV

Source: Renewable Energy Institute
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs
2. Estimated construction costs- summary
The construction cost of 2 GW capacity interconnector between Japan-Russia and Japan-South Korea would
cost JPY 431 -573 billion and JPY 202 - 247 billion, respectively, including the domestic reinforcement part in
Japan. Among the possible Japan-Russia routes, the one that connects to a location near demand center
though long undersea cable, the construction cost turns out to be the lowest. On the other hand, the multiple
benefits can be expected, if a cable makes a first landfall in Hokkaido to be connected with renewable energy
sources available in the prefecture, the transmission line part in Japan can be also used as an cross regional
transmission system.
Table 9: Construction cost for Japan-Russia interconnector (incl. transmission lines in Japan)
Routes
R1: Sakhalin-Kashiwazaki

Specifications

AC/DC converter

Interconnector Domestic lines

Submarine cables

4 units

JPY 430.5 bn.

R2: Sakhalin-Ishikari-Kashiwazaki Submarine cables

6 units

JPY 196.1 bn. JPY 265.8 bn.

JPY 461.9 bn.

R3: Sakhalin-Wakkanai-IshikariKashiwazaki

6 units

JPY 110.0 bn. JPY 463.0 bn.

JPY 573.0 bn.

6 units

JPY 196.1 bn. JPY 330.3 bn.

JPY 526.4 bn.

Onshore; Overhead lines

R4: Sakhalin-Ishikari-TomakomaiOnshore; Underground cables
Fukushima

-

Total
JPY 430.5 bn.

Table 10: Construction cost for Japan-South Korea interconnector (incl. transmission lines in Japan)
Routes

Specifications

AC/DC converter Interconnector Domestic lines

Total

K1: Busan-Maizuru

Submarine cables

4 units

JPY 246.5 bn.

K2: Busan-Matsue-Hino

Matsue-Hino to be reinforced

4 units

JPY 171.8 bn.

30.6 bn. JPY

JPY 202.4 bn.

K3: Busan-Imari/Oita-Ikata

Submarine cables

8 units

JPY 129.0 bn.

83.3 bn. JPY

JPY 212.3 bn.

-

JPY 246.5 bn.

Despite their limited possible impact, among necessary additional cost items that should be examined are; (1) Other expenses for laying cables
(mobilizing/demobilizing of cable laying vessels, etc.), (2) O&M (generally 1 to 3% of total construction cost per year), (3) Route survey (more than billions
of JPY in some cases, depending on items of the survey and the length of a route), (4) Fluctuation of material prices (prices of copper, conductor for
cables, and other materials may change along with market fluctuations), (5) Possibility of compensation for fishing industry (for anyone engaged in the
fishing industry around a landing point), and (6) Environmental impact assessment.

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
Based on the preceding studies including the Interim Report and research in Europe/North
America, the investment recovery method of interconnectors is classified into the following four
types or combinations of them.

Table 11: Business models for interconnector investment recovery
Business model

Contents

Examples

1)
Interconnector is laid as a part of a power supply project to specific
Generators/suppliers customers or markets from specific generators or suppliers, and
dedicated line model investment is carried out by power sales income.
The construction and maintenance costs of the interconnector are
2) Regulated grid
regarded as the fully distributed costs (FDC) of the power
tariff model
transmission operators and all consumers in the business area will
bear the transmission fee for the investment recovery.
3) Transmission
The transmission operators sell the right to use the transmission line
rights sales model
to power generators and/or retail electricity companies.
4) Congestion
charge model

Russia - China
Canada - US
Skagerrak 4
(Denmark - Norway)

European markets,
The transmission operators obtain the congestion charge which is
North American
calculated as “multiplication of wholesale price difference and actual markets (e.g. PJM)
transmitted electricity amount” as a revenue at the time of market
segmentation in the interconnector between consolidated markets.

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
1) Generators/suppliers dedicated line model
One-way power supply and sales from overseas power plants or suppliers to the Japanese market.
Investment recovery is based on income obtained by electricity sales.

Overseas

Japan

Power flow

Interconnector
(Maximum: 2 GW
/Minimum: 1 GW)

Power
generation
cost
JPY X/kWh

Transmission
cost
JPY Y/kWh

• Construction cost: JPY Z billion
• O&M cost: 1 to 3% of
construction cost

FOB price
Bidding

example of system prices data

Source: Renewable Energy Institute

14

Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
1) Generators/suppliers dedicated line model: Japan-Russia route
Assumptions
Payback period
O&M ratio
Supplied power
JEPX price
Set value of FOB prices

25 years
1 - 3% of initial investment cost
Minimum: 1 GW; Maximum: 2 GW
For each year of 2016 and 2017 (every 30 minutes)
JPY 5-9 /kWh (every 1 yen )

*Set the electricity generation cost as X (JPY/kWh),
transmission cost as Y (JPY/kWh). The total of X + Y
(JPY/kWh) would bid into JEPX as FOB price. The investment
for the construction cost (JPY Z billion) will be recovered by the
difference between the JEPX system price and FOB price.
System price data of Japanese connection point in 2016 and
2017 are used as JEPX’s system price data.

Table 12: Japan-Russia route: Estimated results of Generators/suppliers dedicated line model (Unit: IRR%)
Set value of FOB
prices

5 yen /kWh

6 yen /kWh

7 yen /kWh

8 yen /kWh

9 yen /kWh

[R1] Sakhalin-Kashiwazaki (Electricity market: JEPX Tokyo area; Construction cost: JPY 431 billion)
1 GW

2.3% to 7.1%

-1.3% to 4.3%

-5.6% to 1.2%

-11.4% to -2.3%

Max. -5.2%

2 GW

12.9% to 18.0%

8.4% to 13.7%

4.1% to 9.1%

0.3% to 4.6%

-3.9% to 1.3%

[R2] Sakhalin-Ishikari-Kashiwazaki (Electricity market: JEPX Tokyo area; Construction cost: JPY 462 billion)
1 GW

1.3% to 6.2%

-2.3% to 3.6%

-6.8% to 0.5%

-13.9% to -3.0%

Max. -5.9%

2 GW

11.7% to 16.6%

7.3% to 12.5%

3.1% to 8.2%

-0.7% to 3.8%

-4.9% to 0.6%

[R3] Sakhalin-Wakkanai-Ishikari-Kashiwazaki (Electricity market: JEPX Tokyo area; Construction cost: JPY 573 billion)
1 GW

-1.6% to 3.8%

-5.5% to 1.3%

-11.6% to -1.6%

Max. -4.9%

Max. -8.0%

2 GW

8.1% to 12.8%

4.2% to 9.3%

0.2% to 5.5%

-3.7% to 1.6%

-8.8% to -1.4%

[R4] Sakhalin-Ishikari-Tomakomai-Fukushima (Electricity market: JEPX Tokyo area; Construction cost: JPY 526 billion)
1 GW

-0.4% to 4.7%

-4.2% to 2.2%

-9.4% to -0.8%

Max. -4.2%

Max. -7.1%

2 GW

9.5% to 14.3%

5.4% to 10.5%

1.4% to 6.5%

-2.5% to 2.5%

-7.1% to -0.6%

*In the red frames, the IRR median value is positive.

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
1) Generators/suppliers dedicated line model: Japan-South Korea route
Assumptions
Payback period
O&M ratio
Supplied power
JEPX price
Set value of FOB prices

25 years
1 - 3% of initial investment cost
Minimum: 1 GW; Maximum: 2 GW
For each year of 2016 and 2017 (every 30 minutes)
JPY 5-9 /kWh (every 1 yen )

*Set the electricity generation cost as X (JPY/kWh),
transmission cost as Y (JPY/kWh). The total of X + Y
(JPY/kWh) would bid into JEPX as FOB price. The investment
for the construction cost (JPY Z billion) will be recovered by the
difference between the JEPX system price and FOB price.
System price data of Japanese connection point in 2016 and
2017 are used as JEPX’s system price data.

Table 12: Japan-South Korea route: Estimated results of Generators/suppliers dedicated line model (Unit: IRR%)
Set value of FOB
prices

5 yen /kWh

6 yen /kWh

7 yen /kWh

8 yen /kWh

9 yen /kWh

[K1] Busan-Maizuru (Electricity market: Kansai area; Construction cost: JPY 246.5 billion)
1 GW

4.0% to 13.8%

-1.2% to 10.1%

-7.8% to 6.6%

Max. 3.5%

Max. 0.7%

2 GW

15.3% to 29.7%

8.5% to 23.0%

2.4% to 17.3%

-3.1% to 12.5%

-9.5% to 8.5%

[K2] Busan-Matsue-Hino (Electricity market: Chugoku area; Construction cost: JPY 202.4 billion)
1 GW

6.8% to 17.4%

1.4% to 13.0%

-4.5% to 9.2%

-13.0% to 5.7%

Max. 2.7%

2 GW

19.7% to 36.3%

11.8% to 28.2%

5.1% to 21.5%

-0.4% to 15.8%

-5.7% to 11.3%

[K3] Busan-Imari/Oita-Ikata (Electricity market: Kyushu area; Construction cost: JPY 212.3 billion)

1 GW

5.7% to 15.6%

0.3% to 11.5%

-5.7% to 7.9%

-16.6% to 4.7%

Max. 1.7%

2 GW

17.9% to 33.0%

10.4% to 25.5%

4.0% to 19.3%

-1.3% to 14.2%

-6.9% to 9.9%

*In the red frames, the IRR median value is positive.

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
2) Regulated grid tariff model
Overseas and Japanese power transmission operators (assuming General Electricity Transmission
and Distribution Utility) bear the construction and O & M cost of interconnector. Investment is
recovered by adding to the transmission fee for transmission cost in each area.

Overseas

Power flow

Japan

Construction + O&M costs
(α ＋ β) JPY/kWh
Grid tariff
A + α JPY/kWh

Grid tariff
B + β JPY/kWh

Costs are recovered from all consumers
in the area as a grid tariff for the
transmission cost.
Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment
recovery and estimated results
2) Regulated grid tariff model:
Japan-Russia route
and Japan-South Korea route

Assumptions
Payback period
O&M ratio
Set value of grid tariff
Japan’s share of defrayment

Power demand

25 years
1 - 3% of initial investment cost
0.06 - 0.10 JPY/(every 0.01 JPY)
50% of interconnector and 100% of lines in Japan
Tokyo Electric Power area
289.9 TWh
Kansai Electric Power area
148.6 TWh
Chugoku Electric Power area
60.2 TWh
Kyushu Electric Power area
85.7 TWh

Table 14: Japan-Russia route: Estimated results of regulated grid tariff model (Unit: IRR%)
Set value of grid tariff
[R1] Sakhalin-Kashiwazaki
(Construction cost: JPY 430.5 billion)
[R2] Sakhalin-Ishikari-Kashiwazaki
(Construction cost: JPY 461.9 billion)
[R3] Sakhalin-Wakkanai-Ishikari-Kashiwazaki
(Construction cost: JPY 573.0 billion)
[R4] Sakhalin-Ishikari-Tomakomai-Fukushima
(Construction cost: JPY 526.4 billion)

Billing area
(Power demand)

Tokyo Electric Power
Company area
(289.9 TWh)

0.06 yen
/kWh

0.07 yen
/kWh

0.08 yen
/kWh

0.09 yen
/kWh

0.10 yen
/kWh

1.9% to 5.0%

4.0 to 6.8%

5.9 to 8.5%

7.7 to 10.1%

9.3 to 11.7%

-5.5% to 0.4%

-3.1 to 1.1%

-1.3 to 2.4%

0.3 to 3.7%

1.7 to 4.8%

-13.6 to -3.7% -9.1 to -2.3% -6.5 to -1.0%

-4.6 to 0.1%

-3.1 to 1.1%

-8.4 to -2.0% -5.6 to -0.5% -3.6 to 0.8%

-1.9 to 1.9%

-0.5 to 3.0%

0.09 yen
/kWh

0.10 yen
/kWh

Table 15: Japan-South Korea route: Estimated results of regulated grid tariff model (Unit: IRR%)
Set value of grid tariff
[K1] Busan-Maizuru
(Construction cost: JPY 246.5 billion)
[K2] Busan-Matsue-Hino
(Construction cost: JPY 202.4 billion)
[K3] Busan-Imari/Oita-Ikata
(Construction cost: JPY 212.3 billion)
*In the red frames, the IRR median value is positive.

Billing area
0.06 yen
0.07 yen
0.08 yen
(Power demand)
/kWh
/kWh
/kWh
Kansai Electric Power
0.4 to 3.8%
2.5 to 5.5%
4.4 to 7.1%
Company area
(148.6 TWh)
Chugoku Electric Power
-18.9 to -4.4% -11.1 to -3.0% -8.0 to -1.8%
Company area
(60.2 TWh)
Kyushu Electric Power
-12.3 to -3.4% -8.4 to -2.0% -5.9 to -0.7%
Company area
(85.7 TWh)

6.0 to 8.6%

7.6 to 10.0%

-5.9 to -0.7%

-4.2 to 0.3%

-4.1 to 0.4%

-2.6 to 1.5%

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
3) Transmission rights sales model
The power transmission rights are sold to power producers and/or electricity retailers. The investment
is recovered by the sales income of the power transmission right.

Power flow

Area A

Area B
Transmission right
JPY W /kWh

Max. 2 GW
transmission rights

Max. 2 GW
transmission rights

Source: Renewable Energy Institute

Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
Assumptions

1. Business models for investment
recovery and estimated results
3) Transmission rights sales model:
Japan-Russia route and Japan-South Korea route

Payback period
O&M ratio
Amount of transmission right
Set value of annual average
transmission right prices

25 years
1 - 3% of initial investment cost
2 GW per one-way

0.2, 0.4, 0.6, 0.8, 1.0 yen/kWh

Table 16: Japan-Russia route: Estimated results of transmission right sales models (Unit: IRR%)
Set value of annual average
transmission right prices

0.2 yen /kWh

0.4 yen /kWh

0.6 yen /kWh

0.8 yen /kWh

1.0 yen /kWh

[R1] Sakhalin-Kashiwazaki
(Construction cost: 430.5 billion JPY)

Max. -11.0%

-15.1 to -4.0%

-5.1 to 0.2%

-1.0 to 2.6%

2.0 to 5.1%

[R2] Sakhalin-Ishikari-Kashiwazaki
(Construction cost: 461.9 billion JPY)

Max. -12.0%

Max. -4.6%

-6.3 to 0.9%

-1.9 to 1.9%

1.1 to 4.3%

[R3] Sakhalin-Wakkanai-Ishikari-Kashiwazaki
(Construction cost: 573.0 billion JPY)

Max. -15.7%

Max. -6.7%

-10.7 to -2.9%

-5.1 to -0.2%

-1.8 to 2.0%

[R4] Sakhalin-Ishikari-Tomakomai-Fukushima
(Construction cost: 526.4 billion JPY)

Max. -14.0%

Max. -5.9%

-8.7 to -2.1%

-3.8 to 0.6%

-0.7 to 2.9%

Table 17: Japan-South Korea route: Estimated results of transmission right selling models (Unit: IRR%)
Set value of annual average
transmission right prices
[K1] Busan-Maizuru
(Construction cost: 246.5 billion JPY)
[K2] Busan-Matsue-Hino
(Construction cost: 202.4 billion JPY)
[K3] Busan-Imari/Oita-Ikata
(Construction cost: 212.3 billion JPY)
*In the red frames, the IRR median value is positive.

0.2 yen /kWh

0.4 yen /kWh

0.6 yen /kWh

0.8 yen /kWh

1.0 yen /kWh

Max. -5.2%

-2.9 to 1.3%

2.7 to 5.6%

6.7 to 9.2%

10.2 to 12.5%

-12.5 to -3.4%

-0.1 to 3.3%

5.4 to 8.0%

9.8 to 12.1%

13.7 to 15.9%

-14.4 to -3.9%

-0.8 to 2.8%

4.7 to 7.4%

9.0 to 11.4%

12.8 to 15.0%

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
4) Congestion charge model for Japan-South Korea interconnector
The transmission operators obtain the congestion charge which is calculated as “multiplication of
wholesale price difference and actual transmitted electricity amount” as a revenue at the time of
market splitting in the interconnector between markets.

Japan

South Korea
Power flow

JPY a /kWh

JPY b /kWh
Electricity flows from lower-priced
market to higher-priced market.
Amount of income;
|a - b| JPY/kWh ☓ 2 GW

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks

1. Business models for investment recovery and estimated results
4) Congestion charge model for Japan-South Korea interconnector
Typical examples of Japanese and South Korean system prices in both day-ahead markets

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks
1. Business models for investment recovery and estimated results
4) Congestion charge model for Japan-South Korea interconnector
Assumptions
Payback period

25 years

O&M ratio

1 - 3% of initial investment cost

Annual average capacity factor

50%, 75%, 100%

Exchange conversion

Middle rate of the day prior to trading day

JEPX price

Each year of 2016 and 2017 (every 30 minutes)

Market prices in other countries

System prices at the same time on the same day of JEPX

Table 18: Japan-South Korea route: Estimated results of congestion charge model (Unit: IRR%)
Capacity factor

Japanese side market

50%

75%

100%

[K1] Busan-Maizuru
(Construction cost: JPY 246.5 billion )

JEPX
Kansai area

0.0 - 5.1%

5.5 - 10.2%

9.9 - 14.8%

[K2] Busan-Matsue-Hino
(Construction cost: JPY 202.4 billion )

JEPX
Chugoku area

2.6 - 7.4%

8.5 - 13.2%

13.4 - 18.5%

[K3] Busan-Imari/Oita-Ikata
(Construction cost: JPY 212.3 billion )

JEPX
Kyushu area

2.3 - 6.9%

8.1 - 12.5%

12.9 - 17.6%

*In the red frames, the IRR median value is positive.

Source: Renewable Energy Institute
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Chapter 4: Interconnector Business Models, Social Benefits and
Legal Frameworks

1. Business models for investment recovery and estimated results: Conclusion
Four business models for interconnectors investment recovery estimated:
1) In the case of "generators/suppliers dedicated line model" to procure electricity from overseas power
plants or suppliers and sell it in Japan, it was shown that investment for interconnector could be recovered if
low-priced electric power can be procured.
• it is important to note that the impact on the profitability could be significant by the power procurement prices and by
the Japanese market frameworks.

2) In the case of "regulated grid tariff model" in which General Electricity Transmission and Distribution Utility
invests to construct interconnector and recovers the investment through grid tariff, the consumers need to
pay around 0.1 yen /kWh.
3) In the case of "transmission right sales model" that sells transmission rights of interconnector to power
producers or retailers for recovery of investments, it is uncertain whether investment can be recovered due
to difficulty in forecasting the transmission right price.
4) In the case of “congestion charge model" in which market price differences in the consolidated market are
the revenues, investment is recovered even with a relatively low capacity factor.
• careful discussions should be conducted to adopt the congestion revenue income model by transmission system
operators, market managers and governments including regulatory agencies, as the wholesale electricity trading
price of the two countries approaches equilibrium and the profitability changes due to changes in the system.
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CONCLUSION
• Installation of interconnector by Japan is physically and technically feasible, and there are no
major problems in connecting with Japan’s domestic power grids after landfall.
• The cost for constructing 2 GW interconnectors will be within the range of a little over JPY 200
billion (for Japan-South Korea route) to a little less than JPY 600 billion (for Japan-Russia route),
even including the cost for grid expansion in Japan. Cost can be recovered.
• Though legal frameworks should be further examined, even an existing transmission system
operation-related license is applicable to a certain level. There is also an option to establish new
international transmission system operation licenses.

• Various social benefits are expected, among which; improvement of diplomatic relations, and
developments of more flexible and stronger Japan’s electric power system.

• Dramatic cost reduction and massive integration of renewables show a cross section of global energy
transition and inevitable future for Japan as well. International grid connections are key to accompany
these developments.
• In the discussions on future energy scenarios, e.g. "Basic Energy Plan,” announced by the Agency for
Natural Resources and Energy in 2018, a "strategy of renewable energy expansion utilizing
interconnectors" is stated. Amid the rapidly changing political situation in Northeast Asia, Japan now also
needs to translate words into action.
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Chapter 3: Interconnectors between Japan/Russia and between
Japan/South Korea: Possible Routes and Costs

1. Interconnector construction route
Selection of connection points
Russia: surroundings of the Korsakov Substation, southern Sakhalin
South Korea: surroundings of Busan (selected based on grid capacity)
Several landing points in Japan
Japan-Russia: Wakkanai (Hokkaido), Ishikari (Hokkaido), Kashiwazaki (Niigata)
Japan-South Korea: Maizuru (Kyoto), Matsue (Shimane), Imari (Saga)

Table 5: Criteria for selecting connection points in Japan
Criteria

Evaluation

Reference Data

1. Geological proximity to the
connection points in Russia/South
Korea

Shortest submarine transmission line

Google Earth, and other
datas.

2. Geological proximity to demand
centers in Japan
(Tokyo Metropolitan/Kansai areas)

Power can be transported to demand centers
through the shortest transmission lines

Maps by the Geospatial
Information Authority of
Japan, and other datas.

Data of transmission capacity
released by General
3. Transmission capacity to demand Sufficient grid capacity can be secured to transport
Electricity Transmission and
centers in Japan
electricity to demand centers in Japan
Distribution Utilities, and
other datas.
Source: Renewable Energy Institute
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陸揚げ地周辺の海域

【新潟県・柏崎】

• 海岸から8～10kmは水深100m程度。比較的なだらか。
• 周辺海域は、海岸から数km程度の範囲で漁業区域が設定されている。
• 発電所の周辺には漁港区域（紫）や港湾区域（青）が点在する。

柏崎刈羽原発

出典：NEDO洋上風況マップ

陸揚げ地周辺の陸域

【新潟県・柏崎】

• 原発の南側に漁港や港湾区域、住居が広がる。原発北側には林地等が
ある。

陸揚げ地候補

新新潟幹線
（500kV）

柏崎刈羽原発

南新潟幹線
（500kV）

陸揚げ地周辺の地質

【新潟県・柏崎】

• 原発の北側沿岸は比較的硬い地層。南側は砂や礫など比較的柔らかい
地層。
• 周辺の地質を考えると漁港区域を通るが南側が有利ではないか。

柏崎刈羽原発
陸揚げ地候補

