I.E

LONDON
ECONOMICS

London Economics International LLC

Liberalization, de-carbonization, and nuclear
recovery in Japan’s electric power sector:
Outlook for long-term energy prices

Marie Fagan
Chief Economist

E ics Int tional
London Economics Internationa June 7, 2021

marie@londoneconomics.com _
IAEE Virtual conference



Outline www.londoneconomics.com m 2

LONDON
ECONOMICS

1 Introduction and key takeaways
2 Energy market liberalization

3 Energy and climate targets

4 The status of the nuclear fleet

5 Methodology, outlook, and conclusions



‘ | ‘ ‘ | ‘ ‘ | | Introduction > Questions and method www.londoneconomics.com = 3

LK Questions we asked, and method of approach
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Questions

» What do Japan’s 2030 climate and energy targets imply for the
mix of power generation sources?

s
4

» What needs to happen to get there?

» What is the implication for the price of energy?

» Examine market structure, liberalization, and energy price

I Methodology
starting point

» Examine details of METI 5t" Strategic Energy Plan to 2030 and
beyond

» Examine status of nuclear fleet

» Assume energy prices converge towards the levelized cost of a
new entrant in the long run

» Use METI’s projections for levelized costs of a variety of
technologies

» Develop scenarios based on key uncertainty
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| A DY Key takeaways: Meeting the modest 2030 targets will require faster
recovery of nuclear power than seen in the past 10 years

Japan’s energy and climate targets are, at the moment, modest
through 2030 and can be achieved by a recovery of the remaining nuclear
units which were shut down in the wake of the Fukushima accident

Nevertheless, though modest, Japan will have to re-start far more of
the nuclear fleet in the next 9 years to 2030 than recovered in the past
10 years since 2011. Without the nuclear plants, targets for reduced need
for oil, gas, and coal; and lower carbon emissions, are unlikely to be met.
In our view, this points to the possibility of Japan extending licenses for
existing nuclear plants as a partial solution

For the mid- and long-term, energy prices can be expected to converge
towards the levelized cost of a new entrant. Thus, energy prices will be
shaped by the levelized cost of nuclear power or new offshore wind power,
depending on the outcome of Japan’s policy post-2030

Our analysis suggests that the path for real long-term prices excluding
transmission and distribution (“T&D”) costs could be ¥10/kWh on the
low end, to ¥20/kWh on the high end (excluding government
subsidies). Including subsidies for offshore wind brings the high end of
the range to ¥30/kWh
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I.LE Must-offer energy markets went live in April 2020
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=== Total contracted in JEPX day-ahead market (1000kWh) (right axis)

Source: https://www.renewable-ei.org/en/statistics/electricitymarket/
and JEPX “Trading results of day-ahead market”.
http://www.jepx.org/english/market/index.html

Source: Electricity and Gas Market Surveillance Commission,
“Monthly Electricity Trading Report"
https://www.emsc.meti.go.jp/info/business/report/results.html

» Average retail prices are about ¥19/kWh (including an estimated
¥5/kWh for T&D)

The energy price of ¥13- ¥ 14/kWh (excluding T&D) gives us a baseline to

compare against projected costs assumed by METI in its 5th Strategic Energy
Plan, and a starting point for our outlook
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‘]|_H,|]@ Japan’s first capacity market auction was held in 2020 for delivery
year 2024/25

Structure of capacity auction
= About 177 GW was sought

= Net CONE was set at ¥9,425/kW ($87/kw),
the cost of a new LNG plant

Generation type GwW

LNG 70.9
= Offer cap at 150% of net CONE, i.e., Coal 41.3
¥14,137/kW Pumped storage 21.4
= Technology eligibility was wide and Oil 13.4
included nuclear power Hydro 13.3
n S|ng|e C|earing price Could not be determined 7.0
] ] Renewable 0.3
Bids ranged from ¥0/kW to the maximum Total offered 167.6
offer cap
_ ) Source: Argus Media September 23, 2020.
= (Clearing price of ¥14,137/kW https://www.argusmedia.com/en/news/214
= Rules for next auction might be different 23;}(;Jr?_prﬁ?esgpower'semr'urgm'to'rev'ew—

The construction cost of a new nuclear plant
is estimated by METI at ¥370,000/kW

Conclusion: The capacity market is not a tool for achieving Japan’s de-
carbonization targets
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I

| DA Japan is re-structuring its renewable subsidy, the feed-in-tariff
(“FIT”) to reflect market forces

» In 2012, Japan
instituted the FIT

system to support SN
new renewable power .

» In 2017 it began 18
auctions for solar, 16
which reduced prices s = :
2
» The Amendment Act & o
of 2020 will provide a 8
premium in addition 5
to energy market ‘
prices, rather than a ’
fixed FIT payment. It " e e r rn o~ 2 2 o2 = 2 2 2 2 g g
will apply as of April § 28 5 5% =28 5 5% =28 &5 % = 8 5 %
2022, initiaIIy to wind —e—FIT  —e—Average bidding price Average winning price
power and large-scale _ . o
S0 Ia r Source: Renewable Energy Institute. https: //www.renewable-ei.org/en/statistics / policies /

Conclusion: The FIT is not going away; renewable developers can continue to
expect a premium to market-based energy prices


https://www.renewable-ei.org/en/statistics/policies/
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Energy and climate targets

METVI’s targets are not mandatory,
but developed in consultation
with industry participants, so we
expect the industry to do its best
to achieve them

Japan also promised to cut
carbon emissions by 26% below
2013 levels by 2030 (under Paris
Agreement); 2013 levels reflected
loss of nuclear power

In 2021, Prime Minister Yoshihide
Suga raised the GHG reduction
target to 46% by 2030 compared
to 2013

The SEP is set to be updated in
2021, and we expect it to reflect
more aggressive carbon reduction
targets

Source: JEPIC.

www.londoneconomics.com =

E MET/I’s 5th SEP targets for electric power are specific through 2030,
but more general towards 2050

FIFTH BASIC ENERGY PLAN

We aim to contribute to further growth of the Japanese economy, improvement of the standard of living, and global
development through energy supply that is stable, sustainable long term, and independent.
Following the 3E+-5 principles, realise an energy supply and demand structure that is stable, low-burden, and compatible with the environment.

3E+5

Safety

Energy security
Environment
Economic efficiency

+ 4+

Changing circumstances

Sophisticated 3E+5

Safety innovation by technology/governance reform

Raise technical self-sufficiency rate and ensure diversity of choice
Work towards decarbonization

Enhance domestic industrial competitiveness

1) Start of inter-technology competition for decarbonization
2) Geopolitical risk increased by technology changes
3) Intensified competition among nations and among firms

B
-

Towards 2030

—To reduce emission of greenhouse gases by 26%
—To achieve energy mix target
- Currently halfway to the target
« Deliberate promotion
- Realistic initiatives
- Intensify and enhance measures
<Primary measures>
'l" uy
- Lay foundations to wse as major power source
- Cost reductien, overcome system constraints, secure flexibility of
thermal power
= Nuclear power
- Lower dependency on nuclear power generation to the exient possible
- Restart of nuclear power plants and continuous improvement of
safety
= Fossil fuels
- Promote independent development of fossil fuels upstream, atc.
- Effiective use of high-efficiency thermal power generation
- Enhance response to disaster risks, efc.
= Energy efficiency
- Continued thorough energy efficiency
- Integrated implementation of regulation of Act on Rationalizing En-
ergy Use and support measures
« Promotion of

ydrogen/power storage/distributed energy

LF

All Japan's efforts (projects, international collaboration, financial dialogue, policy)

Draw up strategic plan

The Electric Power Industry in Japan 2019. <https://www jepic.or.jp/pub/pdf/epijlepic2019.pdf>

Towards 2050

—Toward reducing GHGs by 80%
—Challenges towards energy transitions and decarbonisation
- Possibility and uncertainty
- Ambitious multiple track scenario
« Pursue every option
- Ghoose priorities by scientific review
<Primary directions>
* Renewable energy
- Aim to use &5 major power source, economically independent and de-
carbonized
- Start on hydrogen/power storage/digital technology development
* Nuclear power
- One of the options for decarbonization
- Pursuit of safe reactors, development of back end technologies
» Fossil fuels
- Major power source during the transitional period. Enhance resource
diplomacy
- Shift to gas, phase out inefficient coal
- Start hydrogen development for decarbonization
* Heat & transportation, distributed energy
- Challenges for decarbonisation with hydrogen, power storage, etc.
- Distributed energy systems and regional development
(Combination of next generation renewables/power storage, EV, micro
grid, etc)

8
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Energy and climate targets

1.E MET/I’s 5th SEP targets for electric power sector are not a dramatic
—— change, but do depend on accelerating nuclear re-starts
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Source: METIL. Total energy statistics. 2018.
<https:/ /www.enecho.meti.go.jp/statistics / total energy/results.html#headline7

MET/I’s nuclear generation target of 234 billion kWh for 2030 is lower than the

288 billion kWh produced by nuclear plants in 2010, before the Fukushima
Daiichi accident



https://www.enecho.meti.go.jp/statistics/total_energy/results.html#headline7
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1.E Only about 1/3 of the nuclear fleet which shut down after the
Fukushima Daiichi accident in 2011 has been restarted

Status of Japan’s nuclear fleet as of May 2021 (MW)

Restarted, 11,608 > Government
— ’
agencies refer
31 tilelelalil to ALL the
Approved, 2,712 plants

\\\\% classified here
Under Review in purple and
10,518 H
m% \% g:f‘?rlle shading
G Operation” but
the fine print
shows that
only about 1/3
of them have
been re-started

End of operation,
17,423

o Not filed, 8,245

Under construction,
4,141

e
Permitted, 11,582

Source: Federation of Electric Power Companies. April 14, 2021.
https://www.fepc.or.jp/english/library/electricity_eview_japan/__icsFiles/afieldfile/2021/04/14/2020ER)_full.pdf

and Nikkei Asia. “Japan allows 1st restarts of nuclear reactors older than 40 years.”

April 28, 2021. https://asia.nikkei.com/Business/Energy/Japan-allows-1st-restarts-of-nuclear-reactors-older-than-40-years

Japan will need to re-start far more nuclear units in the next 9 years than it did
in past 10 years, to recover nuclear capability
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| A key input to our price outlook is METI’s assumption for the cost of
a variety of new power plants by 2030

METI 5th SEP assumptions for the cost of power generation technologies in 2030
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Utility- . 5
Wind Wind ;
Technology (¥/per kWh)  Nuclear Hydro Coal LNG zzﬂi Geothermal Hydrogen (Estars) (i) Oil
Technology cost (¥/per kWh 10.0 10.8 89 11.6 12.9 10.9 15.6 13.8 20.1 321
Cost of policy 0.3 0.2 2.0 59 0.03 53 10.1 0.0
Cost of carbon price 4.0 1.8 2.0 32
Total 10.3 11.0 129 13.4 14.9 16.8 17.6 19.1 30.2 35.3

Source: METI. Power Generation Cost Analysis Working Group. “R

Report on Analysis of Generation Costs, Etc. for Subcommittee on Long-term Energy Supply-Demand Outlook.” May 2015. P. 13.
<https:/ /www.meti.go.jp/english/press/2015/pdf/0716 01b.pdf>

Note: Hydrogen power cost (for hydrogen-based fuel cells) implies a very large reduction from current costs of ¥70/kWh


https://www.meti.go.jp/english/press/2015/pdf/0716_01b.pdf
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1.E Our indicative scenario outlooks turn on the public acceptance and

- cost of nuclear power
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—Scenario 1
— Scenario 2
Historical

=== Scenario 2 including offshore wind subsidy

» Scenario 1 assumes new nuclear power plants are built at the cost projected
by METI

» Scenario 2 assumes the public does not accept nuclear power, and offshore
wind is needed to provide non-fossil energy at large scale

» More risk to upside than downside
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| DA Japan’s energy price depends on nuclear power’s recovery, its
acceptance by the public, and the cost to build new plants

wake of the Fukushima accident

Japan will have to re-start far more of the nuclear fleet in the next 9
years to 2030 than recovered in the past 10 years since 2011.

In our view, this points to the possibility of Japan extending licenses
for existing plants as a partial solution

The path for real long-term prices excluding T&D costs could be
¥10/kWh on the low end, to ¥20/kWh on the high end (excluding

>
>
>

government subsidies)
>

The ongoing liberalization of the electricity industry will likely neither
help nor hurt Japan’s climate targets or impact long-term costs

x » Japan’s current energy and climate targets to 2030 can be achieved by
< , a recovery of the remaining nuclear units which were shut down in the



