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1 Executive Summary

In this report, we analyse thefinancial and economic viability of new and existing coal power
investmentsin Japan. In doing so, it aims to shine a spotlight on the risks associated with investing
and operating coal power in Japan.

1.1 Carbon conundrum : Paris alignment or coal power ?

J a p an & snakpm@ i$ gradually becoming more ambitious with regards to climate change.
Examples include

A The recent Strategic Energy PlafiSEP}¥tated for the first time in the history of Japan's energy
policy that renewables should become the main source of power and efforts should be made
to decarbonize the energy sector by 2050.

A Thelong-term Strategy for Decarbonization(LTSD)which was approved by the cabinet and
submitted to the UNFCCCin June 2019, states: "The Government will work to reduce CO
emissions from thermal power generation to realize a decarbonized society and consistent
with the long-term goals set out in the Paris Agreement?

Despite these policy signalsJapan is still investing heavily h coal power. The nation currently has
over 11 GW of under-construction, permitted or pre-permitted coal capacity as of September 20,
2019. This capacitycould have an overnight capital cost of US$29bn and would need to be
closed prematurely to remain consistent with the temperature goal in the Paris Agreement.
Regardless of the Paris Agreementthere is a growing expectation that coal wil face fierce
competition from renewable energyin the future, calling into question not only new investment
decisionsbut the long-term viability of the operating fleet.

1.2 The financial viability of n ew coal projects is highly sensitive to changing
market conditions

Carbon Tracker has developed a project finance model for every planned and under-construction
coal unit in Japan. The purpose of these models is to illustrate how, under different scenarios, a
coal project could become unviable over its lifetime. In the absence of publicly available
information, we developed a breakeven scenario analysis tounderstand how key variables could
compromise project viability. As detailed in Table 1, assuming all else is equat, these projects
could have a negative Internal Rate of Return (IRR) if the:

A Capacity factor goes below 48%;
A Total fuel price exceeds US$1@/t;
A Tariff falls under US$72/MWh: or

1 METI (2018). Cabinet Decision on the New Strategic Energy Plan. Available:

2 The Government of Japan (2019). The Longerm Strategy under the Paris Agreement. Cabinet decision, June 11,
2019. Available:

3 According to the International Energy Agency (IEA)emissions reduction scenarios consistent with well-below-2°C
temperature goal only allow for net-zero or negative emissions from the energy sectoHigh efficiency and CCS
equipped coal are not netzero or negative emissions technologies. IEA (2016).rfergy Insights 2016. Available:

4 The breakeven analysis assumes the other variables ar&xéd based on historical data. See Table 2 and 4 of the

report.


https://www.meti.go.jp/english/press/2018/0703_002.html
https://unfccc.int/sites/default/files/resource/The%20Long-term%20Strategy%20under%20the%20Paris%20Agreement.pdf
https://unfccc.int/sites/default/files/resource/The%20Long-term%20Strategy%20under%20the%20Paris%20Agreement.pdf
https://www.iea.org/publications/freepublications/publication/ECCE2016.pdf
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A Carbon price increases above US$5/tCO ».

For context, based on publicly available data and Carbon Tracker calculations, in 2018, the:

Capacity factor averaged 73%;°
Total fuel price averaged US$105/t;©
Tariff prices (based on the Japan Electric Power Exchangeaveraged US$87/MWh;” and

Carbon price was US$2.68/tCO ,®

> > >

5 OCCTO Supply Plan 2019. Available:
https://www.occto.or.jp/kyoukei/torimatome/files/190329 kyoke i torimatome.pdf
6 Based on Carbon Tracker analysis. Includethe expenses incurred in buying, transporting, and preparing the coal.

See the report for all assumptions.
7 Japanese Electric Power exchangévailable: http://www.jepx.org/english/market/index.htm!
8 Environment and Economy Division Ministry of the Environment January (2017). Greening of Whole Tax System

and Carbon Tax in Japan.Available: hitps://www.env.go.jp/en/policy/tax/20170130 greening.pdf



https://www.occto.or.jp/kyoukei/torimatome/files/190329_kyokei_torimatome.pdf
http://www.jepx.org/english/market/index.html
https://www.env.go.jp/en/policy/tax/20170130_greening.pdf
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TABLE1. RESULTS OF THE PROJECT ECONOMICS MODEEOR PLANNED AND UNDER CONSTRUCTION COAL

UNITS

Project

Kyo

Nakoso IGCC
Saijo Unit 1

Power No. 3

Parent owner

KEPCO,
Marubeni

KEPCO,
Marubeni

Mitsubishi (90%),
TEPCO (10%)

JERA

Chugoku Electric
Power (50%),
Hiroshima Gas
Kobelco Power
Kobe 2

Kobelco Power
Kobe 2

IDI
Infrastructures F
PowerCoal Mine,

Chugoku Electric
Power

Mitsubishi (90%),
TEPCO (5%),
Joban Joint
Power (5%)

Shikoku Electric
Power

Nippon Steel,
power

JPOWER

JERA

Tokuyama,
Marubeni, Tokyo
Century

JPOWER, Ube
Industries

JPOWER, Ube
Industries

Mitsubishi

JERA

JERA

Forecasted Net
PresentValue
(NPV)(million
US$)

$1,110

$1,110

$539

$766

$65

$1,050

$1,028

$201

$1,970

$575

$1,239

$1,011

$1,029

$1,954

$176

$1,122

$1,113

$74

$5

$5

n/a

Lowest capacity
factor to achieve an
IRR greater than
WACC =2.5% (%)

49%

49%

62%

50%

59%

45%

44%

40%

42%

62%

42%

47%

44%

43%

57%

43%

42%

54%

48%

47%

48%

Highest fuel
price to achieve
an IRR greater
than WACC =
2.5% (US$/t)

$109

$109

$95

$100

$85

$111

$111

$106

$121

$95

$125

$111

$112

$118

$87

$117

$119

$87

$76

$76

$104

Lowest tariff to
achieve an IRR
greater than
WACC = 2.5%
(US$/MWh)

$70

$70

$75

$73

$78

$69

$69

$68

$66

$75

$64

$70

$68

$67

$77

$67

$67

$77

$82

$82

$72

Highest carbon
price in 2040 to
achieve an IRR
greater than
WACC = 2.5%
(US$/tCO2)

$28

$28

$21

$24

$10

$32

$31

$23

$38

$21

$40

$33

$34

$36

$11

$34

$34

$11

$4

$4

$25
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Source: Carbon Tracker analysis

Notes: Our project economics model is based on a number of higHevel assumptions, due a lack ofpublicly
available data. See Table 2 and 4 as well as Section 6 of the report for the modelling assumptions and risks
associated with this analysis.

1.3 New renewables cheaper than new coal by 202 2 and existing coal by 2025

There are three economic inflectionspoints which will make coal economically obsolete relative to
renewable energy:.

i. When new renewable energy outcompetesnew or under-construction coal;
ii. When new renewable energy outcompetesexisting coal; and
iii. When new firm (or dispatchable) renewable energy outcompetes existing coal.

Independent of an additional carbon price or more stringent air pollution regulations , the LCOE of
renewable energyin Japan could be lower than the LCOE of coal by 2022. Specifically, the LCOE
of offshore wind, utility-scale solar PV and onshore wind could be cheagr than the LCOE of coal
by 2022, 2023 and 2025 respectively.

FIGUREL1. THE LCOE OF RENEWARES VERSUS THECOE OF COAL IN JAPAN

Onshore Wind LCOE = Offshore Wind LCOE Solar PV LCOE

New Coal LCOE

120

By , new could be cheaper than
new coal plants.
100

By 2025, new onshore wind could be cheaper
than new coal plants.

80

60
Al

~I~

" \ \ J‘;L;

By 2022, new offshore wind could be cheaper than
new coal plants.

Cost ($/MWh)

2020 2025 2030 2035 2040

Source: Carbon Tracker analysis

Notes: the key assumptions foronshore wind include: CAPEX ofJS$231/KW, O&M of 1.7% of CAPEX, capacity
factor of 26%, capacity projection of 30 GW by 2040, real WACC of 3.5%, debt equity split of 80:20, a learning
rate of 25%. The key assumptions for solar PV include: CAPEX of US$1932/KW, O&M of 1.3% of CAPEX, capacit
factor of 14%, capacity projection of 282 GW in 2040, real WACC of 3.5%, debt equity split 80/20 and learning
rate 60%. The key assumptions for offshore wind include: CAPEX of 41353%kW, annual O&M costs 2.5% of
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CAPEX, capacity factor of 49%, real WAC®f 4.2%, debt equity splitof 75:25, capacity projection of 20 GW in
2040 and learning rate of 12%. See Table 2 and the appendix for more information.

Crucially, the LCOE of offshore wind and utility-scale solar PVcould be cheaper than the long-run
marginal cost (LRMC) ofexisting coal plants by 2025 and 2027 for onshore wind.

FIGURE2. THE LCOE OF RENEWABLES VERSUS THERMCOF EXISTING COALIN JAPAN

Cost ($/MWh)

= = * Operating Coal LRMC

120
— By , new

100

Onshore Wind LCOE = Offshore Wind LCOE

Solar PV LCOE

could be cheaper

than operating coal plants.

By 2027, new onshore wind could be cheaper
than operating coal plants.

~ind
N
40 \ T :L-la
==
— /‘\4.:7
T
20 :
By 2025, new offshore wind could be cheaper
than operating coal plants.
2020 2025 2030 2035 2040

Source: Carbon Tracker analysis

Notes: Upper and lower bounds for the cost of operating coal units are calculated using several scenarios. Notes:
Operating coal cost is capacity-weighted and based on longrun marginal cost, which includes fuel, variable O&M
and fixed O&M (SRMC plus fixed operating and maintenance costs). Imported coak assumed from Australia,
Russia and Indonesia. The upper and lower bounds represent the 25% and 75% confidence intervals in the leng
marginal cost given the variance in historical coal prices from the last 10 years. The historical mean coal price is
$75/ton. See Figure 1 notesand Table 2 of the main report for other assumptions.

1.4 Without policy reform , the Japanese consumer could pay for US$71bn of
stranded coal assets through high er power prices

Our analysis shows that building coal power today equals high-cost power and fiscal liabilities

tomorrow. J apanos

pl anned and

i padialhaprotectegl bycemydationsctlaatp a c i t y

give coal generators an unfair advantage in the marketplace. These regulations include, but are
not limited to:

|l

A baseload power market that includes the fixed cost of mothballed nuclear power and
could help shelter coal generators from any future carbon price exposure and

An inefficient dispatch that prioritises nudear before wind and solar and could lead to

curtailment of wind and solar in the future.
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These regulationsare sheltering high-cost coal from significant cost declines inrenewable energy.

Without policy reform, the Japanese consumer may not be receivinghe lowestcost power

possible. In our below 2°C scenario, where planned, under-construction and operating coal

capacity is forced toshut down in a manner consistent with the temperature goal in the Paris

Agreement, stranded asset risk from capital inveshents and reduced operating cashflows could

amount to US$71bn.° Of this US$71bn, US$29bn could be avoided if the Japanese government
immediately reconsiders the development of planned and under construction capacity. As detailed
inFigure 3,duetoJ apands current r e lgsliabdity aowldyresdtmihigheron ment ,
energy costs for theconsumer.

FIGURE3. HOW STRANDEDCOAL ASSEB COULD MATERIALISE IN THEJAPANESE ECONOMY

>,

Policymakers remain
committed to coal?

$71 billion of stranded
asset risk from premature
closure of coal

This is the current
strategy of the
Jopanese
government

Utility is bailed out
or subsidised by the
government

Utility wastes capital
and loses revenue

Undermine

Increase
consumer and

public debt or
taxes

Shareholder
value is destroyed

economic
competitiveness @rb-on Tracker

Source: Carbon Tracker analysis

Notes: See tke main report for more information.

This scenario i s consi s tteraduce @@ enhissigns from thermmet powedgenertiam i t i on
consistent wth the Paris Agreement.See footnote 2.
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1.5 Policy recommendation s

We offer two policy recommendations. Please note that these policy recommendations are high
level by design.

1.5.1 Immediately reconsider planned and under construction capacity
and develop a retirement schedule for the existing fleet that is consistent
with the decarbonisation goal in the Paris Agreement

If Japan intends to meet the temperature goal in the Paris Agreement, it needs to phaseut
unabated coal power by 2030.1° This reality has immediate implications for newcoal investments.
Both planned and under-construction capacity will unlikely be a leas-cost solution over the capital
recovery period, which is typically 1520 years. Our analysis highlights how coal power is losing its
economic footing, independent of additional climate change and air pollution policies. As such,
Japan should immediately reconsider building new coal. Policy makers also need to provide a
clear direction of travel for the existing coal fleet that is consistent with the long term
decarbonization goal of the Paris Agreement!. Japanese policymakers should develop a
retirement schedule based on the LRMC of individual coal units with view to inducing smooth
transition from coal. This analysis will allowasset ownersto close the higher cost units first and
lower cost units last, which should help ensure the end consumer receivefi¢ lowest costpower
possible.

1.5.2 Accelerate renewable energy through non -discriminatory
regulations

Without further reform the Japanese government risks missing the economic opportunity
associated with renewable energy and lockingin high cost power. In doing so, the government

will likely further compromise energy security, public debt and economic competitiveness.
Renewable energy and other supporting technologiesd such as battery storage, demand response
and high-voltage transmissiond are part of a mega trend with no precedent in the 21 century.
The benefits from this mega trend will go to those governments who develop a strategy to capture
value from the rapid growth of these technologies. Japan has a long track record of technological
and engineering prowess that means the nation is well placed to capture value from these
technologies as markets mature and product quality commands a price premium.Incentivising
renewables begins with seeing these technologies as an opportunity to reinvigorate the nasin & s
industry and economy as well promote energy security. To execute this vision, wholesale changes
need to be made to ensure renewable capacity gets built at scale and in manner that maximises its
value to the grid. At the heart of these changes is a stp change in transparency to avoid
discriminatory regulations and potential market abuse.

10 |EA (2017). Energy Technology Perspectives. Availablé:

11 According to the IEA: i) high efficiency coal technologies are inconsistent with the chon intensity for power
generation under the a2°C scenarig; and ii) 85%to 95% capture ratefor CCSis usedfor IEA modelling leaving
residual emissions that are likely inconsistent with the longerm goal in the Paris Agreement. SeetEA (2016).
Energy, Climate Change and Environnent. 2016 Insights. Available:


https://www.iea.org/etp/
https://www.iea.org/publications/freepublications/publication/ECCE2016.pdf
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2 Background

2.1 Context of the report

This report follows previous analysis by Carbon Tracker on the financial risks and economic
competitiveness of coal power globally vhich drew the following conclusions:
A 42% of the global operating fleet was likely unprofitable in 2018 and 72% could be so by
2040 o independent of additional climate or air pollution policy;
A 35% of coal capacity cost more to run than building new renewables in 2018, increasing to
96% by 2030; and
A Coal owners could avoid US$267bn in stranded asset risk by phasing-out coal capacity.'?

In this report Carbon Tracker usea series of reasonable assumptions to analyse the financial risks
and economic competitivenessassociated with new and existing coal power.

2.2 Power market overview

Japan is the fourth largest consumer of power in the world behind China, the US and India.

Security of supply has historically been of upmost importance to Japan, as the nation imports for

almostallof its fossil fuel s upphaybeen dompaed Byeffortsdoc ent e n e |
overcome the impact from the 2011 Fukushima Daiichi nuclear disaster. According to the

International Energy Agency (IEA), the Fukushima disaster and the subsequent shutdown of

Japands nucl ear uni t sndence tom8@stendarly 96%in 200@mdr t depe
resulted in power generation emissions rising by around onequarter as it used more foreign coal,

oil and gas.™®

Japanese energy policyis mainly defined and implemented based on the SER which the Basic Act
on Enemgy Policy (2002) obliges the government to formulate.SEP igevised at least eventhree
years and is usually to be accompanied by supply and demand forecasts. The SEP was approved
by the cabinet in August 2018 and decided to maintain the previous power mix decided in 2015,
calling for nuclear energy to account for 20%-22% of power generation by 2030, with 22%-24%
coming from renewable energy sources, while coal's share will decline to 26%, gas to 27% and
oil's to just 3%. This electricity mix is a basisfoJapan's 2030 greenhouse gas emissions target,
which aims to reduce greenhouse gas emissions by 26% by 2030, compared with 2013 levels?

Japands (¢ risididided iptd tenamreds, with each area historically having one vertically
integrated utility that operates asa monopoly franchise, controlling generation, distribution and
retail.’®> Hokkaido, Tohoku and TEPCO are the eastern grids, while the western grids are
Chugoku, Kansai, Hokuriku, Chubu, Kyushu, Shikoku and Okinawa. The eastern grids have a
50Hz frequency while the western grids have a 60Hz frequency. Apart from Okinawa,nine areas
are interconnected. The interarea connection capacity is limited. As part of electricity market

2 Carbon Tracker (2018). Powering Down Coal Available:
13 |EA (2016). Energy Policies of IEA Countries: 2016 Reviewvailable:

14 METI (2018). Cabinet Decision on the New Strategic Energy Plan. Available:
15 The country was initially divided into nine regions for integrated utilities. In 1972, when Okinawa was returned to
Japan, the number of vertically integrated utilities was increased to ten. The ten vertically integrated utilities include:

Hokkaido Electrc Power, Tohoku Electric Power, Tokyo Electric Power, Chubu Electric Power, Hokuriku Electric
Power, Kansai Electric Power, Chugoku Electric Power, Shikoku Electric Power, Kyushu Electric Power, and Okinawa

Electric Power Available:


https://www.carbontracker.org/reports/coal-portal/
https://www.iea.org/publications/freepublications/publication/EnergyPoliciesofIEACountriesJapan2016.pdf
https://www.meti.go.jp/english/press/2018/0703_002.html
https://www.emsc.meti.go.jp/english/info/public/pdf/180122.pdf
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reform, the Organisation for Cross-Regional Coordination of Transmission Operators (OCCTO)
was established in 2015 to coordinate the transmission of power between regional grids.

Japan has high reserve margins across its ten grids and thus variable renewable energy does not
pose serious threats to its ten grids. Nonethelss, the spatial distribution of renewable energy
varies significantly in Japan. The overall power system in Japan only accommodatearound 6% of
wind and solar, but Kyushu, a large island located in the southwest, has a higher shareof variable
renewable energy and has already faced curtailment problems. On Kyushu, the instantaneous
solar PV penetration in certain periods is about 80% of electricity demand?® This has resulted in
the development operational approaches to optimise the existing resourcesincluding: thermal
plants, reservoir hydro and pumped storage hydropower plants.

FIGURE4. O VERVIEW OFJAPANG POWER GRIDS AND THEIR INTERCONNECTORS

SHARE OF INSTALLED CAPACITY PER FUEL TYPE, PER REGION

B cod
. Gas 60HZ/50HZ

B oi " 22%

Nuclear

Hokkaido 20% 3%
5.26W 27%

7%

Hydro v
. Pumped storage
[ Variable Renewable Energy* 13% 1%
- Others** "

* VRE includes Wind and Solar 289%

**Others include Biomass and Geothermal 1%
12%

1%

26% Hokuriku

5.5GW

17%

‘o
Kansai b ’ !‘ ’
; 29GW ¥
129 1%82, ‘ m
1% o )
Shikoku 7o, . .
6GW
] . 37%
% °
22% . L

36%
6%

7%
8%
8% 129%

@rbon Tracker

Source: Carbon Tracker analysis adapted fronOCCTO (2019)

16 Nikkei Asian Review (2018).https://asia.nikkei.com/Spotlight/Environment/Japan  -to-slash-fixed-prices-for-

solar-power -feed-ins



https://asia.nikkei.com/Spotlight/Environment/Japan-to-slash-fixed-prices-for-solar-power-feed-ins
https://asia.nikkei.com/Spotlight/Environment/Japan-to-slash-fixed-prices-for-solar-power-feed-ins
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Prior to 2Z0e@ibmarkel lzaplzeendeld by vertically integrated utilities who offered
regulated tariffs on a cost-plus basis, which stifled innovation in energy efficiency and demand
response. Since 200Q Japan policymakers have been deregulating its retail marketto allow new
entrants. These reforms were fully implemented in April 2016. According to the Agency for Natural
Resources, as of 9 of September 2019, there are 611 registered retailers! Retailers can secure
power by purchasing in the wholesale market, owning generation assets, signing PPAs and buying
continuous backup®

From 2020 onwards, policymakers are requiring legal unbundling: vertically integrated utilities are
required to breakup their businessin two parts d via a holding or affiliate company structure & into
generation & retailing and transmission & distribution. The separate businesss will unlikely prove
to be independent like liberalised markets in Europe, as they will remain part of the same holding
company that is listed on capital markets. To facilitate the power system reform,the government
has decided to create new markets between now and 2020. These new markets include baseload,

capacity, non-fossil fuel certificates, balancing services, interconnector capacity and gross bidding.
Figure5i | l ustrates Japands power value chain before

17 Agency of Natural Resources (2019). Aviable:

https://www.enecho.meti.go.jp/category/electricity _and qgas/electric/summary/retailers list/

18 Tariffs for users below 50kW remain regulated until 2020 unless consumers opt out. See footnote 4 for more
information. METI (2018). Available: https://www.emsc.meti.go.jp/e naglish/info/public/pdf/180122.pdf

a


https://www.enecho.meti.go.jp/category/electricity_and_gas/electric/summary/retailers_list/
https://www.emsc.meti.go.jp/english/info/public/pdf/180122.pdf
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FIGURES. JAPANGS POWER MARKET BEFORE AND AFTR2R20

Japan Power Market Structure (post-April 2016)

SYSTEM
SENERATION OPERATION m S M

Tepco (semi-nationalised following F

Wholesale
market: Kansai Electric

Residential

Japan Chubu Electric
Electric
Power
Exchange i
(JEPX)g Kyushu Electric

Commercial
6 other vertically integrated regional utilities (VIRUs)

Wholesale utilities:
JPower, Japan
Atomic

SRR ‘

Industrial

Regulator: Agency for Natural Resources and Energy (under Ministry of Economy, Trade and Industry),
Organisation for Cross-regional Coordination of Transmission Operators (OCCTQO)

Source: Adapted from Bloomberg NEF (2017)

2.3 The role of coal and climate action beyond central government

According to Climate Analytics, between 1990 and 2016, around 90% of the rise in energy-
related emissions is explained by the increase in emissions from coal powet® Therefore, in terms
of climate policy measures, addressing emissions from coal should be a primary focus for Japan.
Despite ongoing efforts towards a cleaner powermix, coal is the dominant source of electricity in

19 Based on data fromMOEJ and METI. Climate Analytics (2017). Scienceased coal phaseout timeline for Japan.
Implications for policymakers. Available:htips://climateanalytics.org/media/coalphaseout -2018-en-report_1.pdf



https://climateanalytics.org/media/coalphaseout-2018-en-report_1.pdf
























































































