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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:
»0OCCTO - coordinating the TSOs
» Energy Market Surveillance Commission

» April 2016: full retail liberalization
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Exhibit 5: Electricity Prices for Households — 2012 (USD/MWh, including taxes)
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LNG import price (USD/MMBtu)

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

N

(2015).
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After “March-11" policy: nuclear phased out — replaced
short term by LNG; on long term by renewable energy
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Example from Germany:

v

v

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.

Renewables integration - challenges

Solutions:

v Flexible generation
Increased interconnection
Demand Side Response (DSR)
Electricity storage

RS

Electricity Prices and the Merit-Order Curve

Low Level of Wind and Solar power
oil

Marginal costs Marginal costs
EUR/MWhH natural gas EUR/MWh
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Importance of strong inter-regional/national grids

Dorte Foquet on the importance of a strong European grid framework:
v’ Grid operation — reliability and redundancy.
v" Sharing generation resources — reducing costs by avoiding regional peaking
generators
v Enhancing consumers choices — downward pressure on energy tariffs
v 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 20307?)

www.innovationnorway.no




0 \I noovaton — @Grid issues in Japan

v «linear» grid structure
v’ Weak connections — bottlenecks

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

v'No interconnections to e.g. Korea or Russia
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Utilization of existing interconnectors..

Hokkai
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Allocation of transmission rights

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.

www.innovationnorway.no
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Explicit (contracted) allocation of transmission rights

—

Generation 10MW Profit for generator:
Marginal cost 15JPY/kwh 5 JPY/kwh

A

5

/ N\
ig\ /-/ Need 10MW transfer right

North and Main island .
DC connection fine Hokkaido-Tohoku

Complexity of application

@ WAL 2 H Availability of transmission?
A Cost of transmission rights?

Fairness and priority of rights?

Need 10MW transfer right
Tohoku-Tokyo

Customer (demand) 10MW Cost for consumer:
Contract price 20JPY/kwh 20 JPY/kwh
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Implicit (socialized) allocation of transmission rights

\ 1

—u\ !__.. Generation 10MW  Profit for generator: E
I I Marginal cost 15 JPY/kwh | 5 JPY/kwh |
Selling to the market for 25 JPY/kwh | 77777 TTTTTTTTTRITIAS
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North and Main island
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Power market is handling ' Bilateral “contract for difference” i
transmission for ALL market participants ]EPX ' 5 JPY/kwh i

w Py s ichanse

Market clearing price = 25JPY/kwh

Customer (demand) 10MW T ‘

) | Cost for consumer: !
Buying from the market at 25 JPY/kwh i 20 JPY/kwh i
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Renewable energy and energy storage in Japan

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.

12000

Japanese Energy Giants Rush Into Storage
as Solar Booms

F000

Toshiba and others seek to increase Japan's capacity for

— 2000
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Japan Plans to Pump $700 Million Into - N
Energy Storage — Storage Withdrawl Wind Selar
Hydro/Biomass Storage Charging = Demand
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Figure lll-7: Hourly supply and demand, with storage. July 11-17, 2007. Source: [EER.
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Japan will continue its role as one of the world leaders in energy storage deployment, but
with more focus on the end-user side rather than the distribution side as before

= Island microgrid

1,006 » In terms of applications, generation,
® End-user - P transmission and distribution-level
See o applications will make up the majority
oo e of capacity before 2018.

825

= Distribution - E

user - E
1,126 lCommgrcial end » From 2018 onwards the end-user
user- segments will start to grow in size at
= Distribution - P A 3
Transmission =P & | terms of power-intensive systems
vs. energy-intensive systems, the

a significant rate as payback periods
I former takes 20% of the total in 2020,

for end-user systems start to become
. . i L 139 - Generation - P and the latter 80%.
287 102
£ 75 _ = Generation - E
o -

more economically attractive.
2013 2014 2015 2016 2017 2018 2019 2020

= Transmission - E

Note: E is short for Energy and P is short for Power. Source: Bloomberg New Energy Finance

12



Wha.t about the 25,500 MW installed pumped storage in Japan?

IEEE

SPECTRUM

Major Power Pla

Nuclear Power Plants

Japans electric power industr
hydroelectric, thermal, nuclear, anf

meet the required demand. Here

country’s major power plants:

Principal Thermal Power Plant:

Follow on: E

Engineering Topics

in + @

Special Reports

Name of Plant  Company ooy (i News | Energy | Policy
@ Tomato-atsuma Hokkaido 1,650
@ Higashi Niigata  Tohoku 4864
6 Haramachi Tohoku 2,000
O niw s 100 A Pumped Hydro Energy-Storage
O Moshio Tohoku 1,200 H
O Fur e su0 Renaissance
@ Kashima Tokyo 4,400
0 Hirono Tokyo 3.800 . .
O Sodkga e anz  Storage plants built for nuclear power are being
) Aregasaki Tokyo 3,605 i
-, [ e  see revamped for wind and solar
B Yokohama Tokyo 3,325
B vaosss T Ey ptetde;; ;rle;ms 15:00 GMT
) Higashi Ogishima Tokyo 2000 —%E ar |15 V) 150D SN EFUG 1,200 @ Goal
o e ko 1,886 NG @ Mataushima EPDC 1,000 Codl

Kawasaki Tokya 1,628 LNG
() Minemi Yokorema Tokyo 1,150 LnG EN:I‘)%=EIEGHC Power Devalopment Co,, Lid.
D) shinagawa Tokyo 1,140 NG
D oni Tokyo 1,050 Crude

i) Hitachinaka Tokyo 1,000 Coal b

@) Kawagoe Chubu 4802 LNG
23 Hekinan Chubu 4100 Coal 0,
3 Chita Chubu 2,066  Crude, Fuel Oil, LNG F3
L) Shin Nagoya Chubu 3,058 LNG
5 Atsumi Chubu 1,800  Grude, Fuel Oil
35 Chita Daini Chubu 1,708 NG 2]
¥ Yokkaichi Chubu 1,245 LNG
3 Mishi Nagoya ~ Ghubu 1,190  Crude, Fuel Oil, Naphtha
3 Taketoyo Chubu 1,125 Crude, Fusl Ol 5] @ —Thermal Power Pt
€D Toyama Shinke  Hokwiku = 1,500  (Crude, Fuel Oil, Gl o [1,00CMW or grester]

Nanaoota Hokutiky 1,200 Coal m‘l‘ A =Hydrelectric Fower Flart

, a 1E0MW or greater]
2 Tauwuga Hokurku 1,200  Codl e W a B e Poae, Pt
5} Kainan Kanssi 2100  Crude, Fusl Oil
€D Sakaiko Kansai 2,000 LNG a
€3 Gobo Kansai 1,800  Crude, Fuel Oil a o
3 Marko Kanssi 1,800 LNG 54 5
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Principal Hydroelectric Power Plants (150MW or greater)

In Operation As of Merch 31, 2012 s of Merch 31, 2012
Installed
S Nomber  Company o Teeli RBESS Sw Mame of Flant  Company  Capaciy (M) T¥P®

ER Tomarnt 1 Hokkaldo 579 PWR  1989.6 1. Nitkappu Hokbaido 200  Pumped Storage
2 579 PWR 19914 2 Takami Hokkaido 200  Pumped Stoage
3 912 PWR__2000.12 A Daini Numezawa Tahoku 460  Pumped Stoage

H Hgasnioon 1 Tonoku 1,100 BWH_ 2005.12 )

] Cragawa 1 Tonow 624 OWH  10B46 4. Shin Takasegawa Tokyo 1,280  Pumped Storage
2 825 BWR 19957 § Tamahara Tokya 1,200  Pumped Storage
a3 825 BWR 20021 & Imaichi Tokyo 1,080 Pumped Storage

[ Fuushima 5 Tokyo 784 BWR  1978.4 7. Shickera Tokyo 900  Pumped Stoage

Dalichi ] 1,100 BWH_ 1978.10 8 Karunogawa Tokyo 800  Pumped Storage

g e ! Tokya TL Rl A Az . e p—
- 1'100 — 10 Karnagawa Tokyo 470 Pumped Storage
a 1:100 BWR  1087.8 11 Midono Tokyo 245 Pumped Storage

@ Fesiwazaa 1 Tokyo 1100 BWAR 19858 12 Yagisawa Tokyo 240  Pumped Storage

Karwa 2 1,100 BEWR 19909 13 Oluming Chubu 1,500 Pumped Storage
3 1.100 BWR  1993.8 14 Ohuyzhagi Daini Chuibu 780  Pumped Stoage
4 1,100 BWR 19948 15 Takare Daiichi Chuibu 340  Pumped Stoage
5 1,100 :::n 1980.4 16 Oluyahagi Daiichi Chubu 315 Pumped Stoage
? 1£ ABWR :gf;‘ 17 Mazegawa Daiichi Chubu 288 Pumped Storage

Hamacka 3 Cchou 1.100 BWR 1987.8 e FELL 265
a 1137 BWR 19930 18 Ohutataragi Karsai 1932  Pumped Storage
5 1380  ABWR 20051 20 Okawachi Kareai 1,280  Pumped Storage

E] snea 1 HOLKL 540 BWH 198937 21 Okuyoshing Kareai 1,208 Pumped Storage
= 1.206 ABWR 20063 22 Kisanyama Karsai 466 Pumped Storage

[ *irama 1 Kareal 340 sx 197011 23 Hucbegawa Daiyon Karsai 335
2 500 19727 24 Matanogawa Chugoku 1200  Pumped Stoage
3 826 FWH_ 1976.12 - - e

M Teerama 1 Kaeal 826 PAR 197411 | Vet T LEU e
2 826 PWR  1975.11 26 Shin Neriwagawa Chugoku 303 Pumped Stoage
a3 aro PWR 13851 27 Hongawa Shikoku 815 Pumped Storage
4 870 PWR 10856 28 Omangama Kyushu 1.200 Pumped Storage

T on 1 Kasal 1,175 PWR 1979.3 28 Tenzan Kyushu 600  Pumped Storage
2 1.175 PWR 197012 30 Ohira Kyushu 500 Pumped Storage
3 1,180 FWR 190112 B
a 1180 —— 31 Hitotsuse Kyusho 180

[E shimae 7 Chigoma 260 BWH 19743 32 Shl_" Toyone EPDC 1.126  Pumped Storage
2 820 owR 10802 33 Shimogo EPDC 1.000 Pumped Storage

B ka= 7 Shkokd 566 PWH 19770 34 Olukiyotsu EPDC 1,000 Pumped Storage
2 566 PWR 19823 35 Numappara EPOC 675  Pumped Storage
3 850 PWH__ 198412 3§ Olukiyotsu Daini EPDC 600  Pumped Stoage

s 1 Fpe 558 FWH 197510 37 Oltardami EPDC 560
: G2 omme ateme B a0
a 1180 PWR 19077 38 Sakuma EPOC 350

[ sendal 1 Fyusho 850 FWH 10847 40 lkehara EPDC 360  Pumped Storage
2 890 PWR_ 198511 41 Tedorigawa Daiichi ~ EPDC 250

[[E Tokal Daini Japan Atomic Power Co. 1,100 BWR__ 1878.11 42 Magano EPDC 220 Pumped Storage

[ Tersa 1 Japen Alomic Fowsr Co. | 357 BWR 19703 43 Miboro EPDG 215
2 1,160 PWR  19B72 44 Otoxi EPDC 182

Total 50 Units 46.148MW
. End of Operation
Under Construction starl) = — 0 Towe B R Y
:EBE""DD” ; LD'“"“ :“:gg Wg Eg Dallchl 2 784 oWR 20124
mane UEOKL ABWI
- am 784 BWR 20124
Ghma EPDC 1,383 ABWH U.D am 784 BWR 20124
Total 3 Units 4141MW Hamacka 1 cruou 540 BWR 20091
2 840 BWR 20091
Preparing for Construction start) e e L GCR 19983
Namie-Odska Tohoku 825 BWA__UD Total T Lnits 4.358MW
Higashi-Dorl 2 Tohoku 1.385 ABWR UD {7 In M=y, 2011, Tokyo Elecinc Power Company deckied 10 GECOMITISSION UNES 110 4 and o abodsh
Figsn-Dorl 2 Too 1385 ABWR LD plans to bulkd Unlt 7 and 8 3t Fukushima Dalich| Nucaar Power Station which was severely damaged
— A0 ADWR U e to the Tohaku-Pacifc Cx fter on March 11,2011,
Faminoseh] T Chmo 7373 ABWE U0 Others
2 1,373  ABWR UD Fugen dapen Atomic ENergy AgEnCy 165 ATR(PTototype)
Senaal ENE 1.500 APWR UD £1 o1 Operaion
TS 3 Japan Alomic Powsr Co. 1,538 APWR LD Lol Japen Atomic Enefgy Agency 280 FER[PTototype)
4 1,538 APWR IO Mote: WaLEr Reactar, 0 Water Reactor, e
= ST TN Water Aeactor. ABWA=Advanced Bolling Water Reactor, GLR=Gas Cooled Reactor,

[ATR=Advanced Thermal Reactor, FAR=Fast Breeder Reactor
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The role of the Power Exchange (JEPX) — growth potentials

Share of trading in JEPX to retail market sales Breakdown of trading in JEPX
O.G%Trading in JEPX e Breakdown of 3%

4 hour-Ahead
spot trading
e 070 (9.03 GWh)

* Market Liquidity / [Q\

* Today limited liquidity (< 2%): | |
* Most energy is transacted within the utilities \ Others :
. . . . . 99.4% (920.69 TWh)
* Interregional trading is mainly by bilateral contract
* |PPs have bilateral contracts with utilities

Day-Ahead spot tragding
97%(5.5TWh

* Means to increase liquidity :
v’ Transact interregional transmission capacity in the PX (implicit auction):
* Total 52GW capacity @ 20% utilization = 100 TWh/annum

v’ Transacting the pumped storage capacity in JEPX: »
* 25 GW capacity @ 10% trading = 25TWh/annum

Per cent
2

v’ System losses are bought by the system operators from the PX: @
e 5% of total 1,000 TWh = 50 TWh/annum i

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

NordPool spot market share development
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Restructuring process

Unbundling of utilities

Market model
Interregional transmission access
Integration of renewable energy

sources

Energy storage

Power exchanges

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

Full unbundling. Separate System
Operators from genco/disco.

“Nordpool model”

Implicit auction & traded
transmission rights

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

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

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

Comparison Japan — EU energy markets

Gradually since mid 1990.
JEPX 2005.
Significant reform ongoing

Legal unbundling 2018-2020

“Nordpool model”

Not concluded: currently controlled
by power utilities.

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

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

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

www.innovationnorway.no




JAPAN’S ELECTRICITY MARKET STRUCTURE Sl

Tokyo Electric (TEPCO)
- -

Kansai Electric
™ ™

Chubu Electric

6 other regional utilities

Wholesale I
ubilities: J-Power,
Japan Atomic I

Other suppliers I l . Other suppliers

Kyushu Electric I
- - |

Regulator: Agency for Natural Resources and Energy (under Ministry of Economy, Trade and Industry), Electricity Power System Council of Japan

. MAJORITY STATE- . MAJORITY MIXED > Last updated: Oct 2014
OWNED PRIVATE OWNERSHIP POWER SELLER POWER BUYER Excludes small-scale and captive plants
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Electricity market reforms — from monopolies to markets

Contracted
Generation
-Sealf dispatc

Day-ahead energy
market

System operation
(monopoly)

=l

ispatch
instructions

Contracted
Consumptio

Distribution business

Energy as Payment as per
perdemand Regulated tariffs
House-
Commerce Industry
holds
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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

* |terate until all congestion solved.

This leads to area price differentials (zonal prices)

and an income to the Market Operator
* Income = Transmission flow * A price

Py

X

Area A+ AreaB

Sale

2 nordPQl

Area A
Sale

20
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Transmission management in deregulated markets

Right to interregional energy transmission is crucial for energy trading

Allocation of transmission is done differently in different markets:
v’ Explicit rights given directly to one or more market participants
v" Auction of transmission rights

v" 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.

www.innovationnorway.no
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Not so lucrative position - hedge

Market clearing price Hokkaido
21 JPY/kwh

North and Main island

»
/l”
~d ~
,‘D7 Shin-Shinano Frequency Converter

P @ Sakuma Frequency Converter

Higashi-Shimuzu Substation

Market clearing price Tokyo
16 JPY/kwh

Generation 10MW
Marginal cost 10 JPY/kwh

Selling to the market for 21 JPY/kwh

Profit: 15 JPY

21 JPY from JEPX +

4 JPY in CdF —

10 JPY generation cost

Bilateral “contract for difference”
4 JPY/kwh

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

“Loss”: 4 JPY
Cost of CDF..




