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The Japanese electricity system 
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 One of the largest power markets in the world: 1,000 

TWh/annum; 280 GW installed capacity. 

 Technically a open wholesale and partially liberated (>50kW) 

market. 

 However, dominated by 10 vertically integrated EPCOs – 

96.4% of the power transacted. 

 Bilateral, Day-ahead and forward markets since 2005 but 

small liquidity: JEPX – <2% of wholesale market 

 High wholesale prices, but “average” retail prices (few add-

ons and taxes) 

 2015: creation of new institutions: 

OCCTO – coordinating the TSOs 

Energy Market Surveillance Commission 

April 2016: full retail liberalization 

 

 

 

Source: Hiroshi Okamoto, TEPCO, 2013                                        



After “March-11” policy: nuclear phased out – replaced 
short term by LNG; on long term by renewable energy 
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 LNG import has sharply increased since 3/11 Earthquake. 

 The cost of power generation has increased $ 36 billion.  

 Negative impact to Japanese economy. 

 Trade balance fell into the red, $180 billion budget deficits 

(2015). 



Renewables integration - challenges 
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Example from Germany: 
 Problem with system balancing when 

renewable sources not available 

 Need to have substantial “backup” in forms of 
conventional thermal energy (coal, gas) 

 Negative prices: not allowed to cut of 
renewable when total generation exceeds total 
demand.  

 “Missing money”: the back-up generators will 
not receive sufficient revenue from the market 
to cover their capital/fixed expenses.  

 Wholesale market prices decreased due to 
“free” renewable energy 

 Renewable incentive program has led to 40% 
increase in retail prices for residential 
consumers since 2005 -> however this leads to 
energy efficiency and self-generation.   

Solutions: 
 Flexible generation 

 Increased interconnection 

 Demand Side Response (DSR) 

 Electricity storage 



Importance of strong inter-regional/national grids  
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Dorte Foquet on the importance of a strong European grid framework: 
  Grid operation – reliability and redundancy. 
 Sharing generation resources – reducing costs by avoiding regional peaking 

generators 
 Enhancing consumers choices – downward pressure on energy tariffs 
 Enablement of large scale renewable penetration – export of RES from 

supply to demand 
 

 Europe’s 2020 target: 10% of all generation across interconnectors 
(15% by 2030?) 

 

 



Grid issues in Japan 
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«linear» grid structure 

Weak connections – bottlenecks 

Limited sharing of resources (energy, reserves, 
ancilliary services) between regional system 
operators (utilties)  

No interconnections to e.g. Korea or Russia 

https://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://infrarati.wordpress.com/2011/06/21/power-grid-crisis-japan-hits-data-centers/&ei=066JVfeNE4WUsgHU84OwAQ&bvm=bv.96339352,d.bGg&psig=AFQjCNHhwKrfLVqJyr3mu9EPTt2a6Rp6oA&ust=1435172940596283


Source: OCCTO report, 2015 

Utilization of existing interconnectors.. 



Allocation of transmission rights 
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Entities that wishes to trade energy across regions must have rights to 
transport the energy across interconnectors.  
In energy markets across the world, this is typically arranged by two schemes: 
 
Explicit allocation: 

  The grid owner, system operator or other entity allocates transmission capacity 
to individual market participants through auctions and/or longer-term 
agreements.  
 Many different schemes for firm vs financial rights, take-or-pay, re-allocation etc.  

 
Implicit allocation: 
 Transmission capacity is “given” to the Market Operator, and by methods of 

“market splitting”, the transmission capacity is socialized and shared among all 
market participants. 



Explicit (contracted) allocation of transmission rights 

Generation 10MW 
Marginal cost 15JPY/kwh 

Customer (demand) 10MW 
Contract price 20JPY/kwh 

Need 10MW transfer right 
Hokkaido-Tohoku 

Profit for generator: 
5 JPY/kwh 

Need 10MW transfer right 
Tohoku-Tokyo 

Cost for consumer: 
20 JPY/kwh 

Complexity of application 
Availability of transmission? 
Cost of transmission rights? 
Fairness and priority of rights? 



Implicit (socialized) allocation of transmission rights 

Generation 10MW 
Marginal cost 15 JPY/kwh 
Selling to the market for 25 JPY/kwh 

Customer (demand) 10MW 
Buying from the market at 25 JPY/kwh 

Market clearing price = 25JPY/kwh 

Bilateral “contract for difference” 
5 JPY/kwh 

Profit for generator: 
5 JPY/kwh 

Cost for consumer: 
20 JPY/kwh 

Power market is handling 
transmission for ALL market participants 



Renewable energy and energy storage in Japan 
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Intermittence and seasonality is one of the major problems with renewable energy. 

 High capacity interregional grid can “smear out” local variations in e.g. solar and wind 
generation across larger regions. 

 Local energy storage can balance out some short and long term variations. 

 The current RES target in Japan is about 10-12% = 100 – 120 GW (excluding hydro) 
 Some utilities are already putting limitation on RES deployment due to balancing and grid 

operation issues. 

http://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj38uD3jvnOAhVI1hQKHf_7BFIQjRwIBw&url=http://ecolocalizer.com/2012/04/08/100-local-clean-cheap-power-is-possible-using-renewable-energy/&bvm=bv.131783435,d.d24&psig=AFQjCNEoHiCDA39Yl9ysxzZZLsocIxaE9A&ust=1473195342146080


Energy storage 
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What about the 25,500 MW installed pumped storage in Japan? 
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The role of the Power Exchange (JEPX) – growth potentials 

• Market Liquidity 
• Today limited liquidity (< 2%): 

• Most energy is transacted within the utilities 
• Interregional trading is mainly by bilateral contracts between the utilities. 
• IPPs have bilateral contracts with utilities  

 

• Means to increase liquidity : 
 Transact interregional transmission capacity in the PX (implicit auction): 

• Total 52GW capacity @ 20% utilization =  100 TWh/annum 
 

 Transacting the pumped storage capacity in JEPX: 
• 25 GW capacity @ 10% trading = 25TWh/annum 
 

 System losses are bought by the system operators from the PX: 
• 5%  of total 1,000 TWh = 50 TWh/annum 
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NordPool spot market share development 



Comparison Japan – EU energy markets 
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Europa Japan 

Restructuring process Gradually since 1989.  
Energy Package 2009. Market 
coupling 2014. 

Gradually since mid 1990. 
JEPX 2005. 
Significant reform ongoing 

Unbundling of utilities Full unbundling. Separate System 
Operators from genco/disco. 

Legal unbundling 2018-2020 

Market model “Nordpool model” “Nordpool model” 

Interregional transmission access Implicit auction & traded 
transmission rights 

Not concluded: currently controlled 
by power utilities. 

Integration of renewable energy 
sources 

Substantial amount (up to 20-40%), 
issues with balancing and storage. 

Small, but increasing amount (1-2%), 
reported issues with grid stability 

Energy storage Limited, exchange between 
countries. Norway & Switzerland 
hydro storage. 

Pumped storage very substantial 
(25,000 MW), can be utilized for RE 
balancing?  

Power exchanges Multiple – 5 large. Good 
coordination. High liquidity (+50% of 
market). Good reference prices. 
Essential part of the power market.  

JEPX. Low liquidity for the moment. 
Will play important role in future 
market.  



Backup slides 
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Electricity market reforms – from monopolies to markets 
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Electricity market reform road map 
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Reform of the electricity structure 

 
Objectives: 
• Promote investment in new generation (conventional and renewable) 
• Fair grid access  promote competition 
• Smarter use of energy  smart-grid, retail competition, markets 

 
Means: 
1. Establish a market regulator and an nationwide system operator (2015) 
2. Full liberalization of retail market (2016-17):  

 replace fixed tariffs with market prices 
 facilitate wholesale electricity markets 

3. Unbundling of the power companies (2018-20) 
 Separation of generation, transmission and distribution 

 
 

Introducing the “Nordic electricity market model” 
 

 



Congestion management by “market splitting” 

• Implicit auction mechanism: 
• Step 0: The whole system is one market, but with 

predefined bid areas 
• Step 1: Calculate system price neglecting congestion - 

“Unconstrained MCP” 
• Step 2: Check transmission limits 
• Step 3: In case of congestion; split market into price 

areas  and recalculate prices in each new area with the 
congested intertie capacity. 

• Increase price in deficit area –> more generation/less 
demand 

• Decrease price in surplus area -> less generation/more 
demand 

• Iterate until all congestion solved. 

• This leads to area price differentials (zonal prices) 
and an income to the Market Operator 
• Income = Transmission flow * D price 

 

20 



Transmission management in deregulated markets 

www.innovationnorway.no 

Right to interregional  energy transmission is crucial for energy trading 

 

Allocation of transmission is done differently in different markets: 

 Explicit rights given directly to one or more market participants 

 Auction of transmission rights  

 The market operator holds all or parts of the transmission rights 

 

Optimal utilization of transmission is important for efficient market and to lower system 
operation costs 

 

Choice of transmission utilization regulation is important for deployment of renewable 
energy, liquidity of energy markets and cost of the market.  



Not so lucrative position - hedge 

Generation 10MW 
Marginal cost 10 JPY/kwh 
Selling to the market for 21 JPY/kwh 

Customer (demand) 10MW 
Buying from the market at 16JPY/kwh 

Profit: 15 JPY 
21 JPY from JEPX + 
4 JPY in CdF – 
10 JPY generation cost 

Market clearing price Hokkaido 
21 JPY/kwh 

Market clearing price Tokyo 
16 JPY/kwh 

Bilateral “contract for difference” 
4 JPY/kwh 

“Loss”: 4 JPY 
Cost of CDF.. 


