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Fundamentals of power systems interconnection
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Fundamentals of power systems interconnection
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Cooperative game theory applied to power systems

Power system A Power system B

4 4l

Generation cost before interconnection [$/h] 6 250 42 000
/ 39 450 \
Generation cost after interconnection [$/h] ? ?
4 .
Shapley value solution concept:
(S| =D (AN = IS])! .
Shi@) = ) T - [v(S) — v(S¥{iD]
S,i€S '
Shy = LMD 6750 — g 4 LI=DUGEZDL 139450 — 42000] = 1850 [$/h]
Sh, = “”‘”E"f"'”” . [42000 — 0] + ('2"1)i'2(,'|2"'2')! . [39450 — 6250] = 37 600 [$/h]
C ! !
Costallocation [$/h] 1850 37 600
Benefits [$/h] 4 400 50% || 50% 4 400
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Northeast Asia case analysis
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Northeast Asia case analysis
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Northeast Asia case analysis
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Northeast Asia case analysis

0.30
=
E —— The Far East
;; / —— Siberia
< 0.25 —— Sakhalin
E — Japan
(=) — ROK
E 0.20 —— Northeast China
= T —— North China
=, — Mongolia
— DPRK
0.15
0.10
0.05
0.00 | | | | | | |
100 200 300 400 500 600 700

Capacity, GW
Northeast Asia power markets forecast

Skoltech

Skolkovo Institute of Science and Technology

10



11

Northeast Asia case analysis
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Northeast Asia case analysis
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Northeast Asia case analysis

Separate development of the systems Complete energy cooperation
(no interstate lines can be built) (all the suggested lines can be built)
Total generation cost
. 756 949.72 746 846.86
[million $ / year]
Annualized investment cost
26.79 2 998.05

[million $ / year]

Total savings equal 7.1 billion dollars per year

How to share these benefits and allocate cost of the power lines?
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Players: Russia 1, China 2, Japan 3, ROK 4, Mongolia 5, DPRK 6

Scenario
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Northeast Asia case analysis
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Northeast Asia case analysis
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Northeast Asia case analysis

Stability issues of cost allocation
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Northeast Asia case analysis
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Northeast Asia case analysis

Scheme of the money flows between the countries [billion $ per year] Skoltech
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Russian-Japanese electrical interconnection

200 MW

2000 MW
51 $/MWh

55 $/MWh

_ _ _ 71 $/MWh
2GW export project with total investment = 5 bln $
Russia Japan
; ; ; 2000 MW

G(_ar_1erat|on cost before interconnection 29 447 256.260

[billion $ / year]

Cost allocation after interconnection 21083 | 255797 /\

[billion $ / year]

Benefits

[billion $ / year] 0.463 0.463 1.52
The utility (money) transfer of 1.52 bln $ per year
Energy export up to 17.5 TWh per year 141 $/MWh
- Electricity price = 86.5 $/MWh
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Conclusions

There are prerequisites to create bilateral electrical
interconnections in Northeast Asia. Examples:
Russia-China, Russia-Japan.

However, development of the global interconnection
in the region (such as Asian Super Grid) is even
more profitable.

We suggest a solution concept how the cost of this
capital-intensive project should be allocated among
the countries.
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