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There is a growing international effort to phase down

coal power in alignment with a 1.5°C goal.
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Figure 1.3 gggﬁg%%%ﬁﬁiﬁjﬁﬂ?\ L2 Based on TransitionZero analysis, aligning global

- coal generation with a 1.5°C goal would require

closing or repurposing nearly 3,000 coal units
between now and 2030.
TransitionZeroD7ArIc &L, 1.5 CEEEMDIZSD
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Japan’s insistence on leaving the door open for
advanced coal looks increasingly divorced from
economic, climate and political realities.
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In April 2021, the former Japanese Prime Minister,
Suga Yoshihide, announced an increase in climate
ambition, to a 46-50% emissions reduction from 2013
levels by 2030.

20215F4H. EEEREMEN. 2030FFTIC20135FH26%HE
H NS 46 % HEHEIRIC S E EIFRIEZFHER.

Alongside the increased 2030 climate ambitions, Japan
has a long-term climate target to be net-zero by
2050.

2050 FFTICRY MOZENTIEVSRIIBEZRIE

To meet the coming 2030 goal, action over the next
few years will be vital to deliver the early emissions
reductions required.
WERRHAOYEL HIEZ IR I BIzsbC NS DEEFE NI TE
=,

Investments need to look to pave the way for
technological breakthroughs to unlock additional
emissions reduction potential to meet its net zero by
2050 target.

20508y MZERKDIHICIE. E5RBBEHHIRKZERIGEE TS
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The Japanese government, with the support of industry players, have strongly pushed
ammonia co-firing as a key abatement technology for coal in the power sector. Based
on current technical constraints, a co-firing ratio of 20% of ammonia with coal (based
on energy content) is considered technically feasible.

BARBAFIEREROZIRZRZ(T. EBHEMICHVWTAKOREZEFFNERIBXTREL TV VEZ VR Z
PRCGHERL TEe, IRTEDFABFEIFIT(E, AEED20% 7 EZFRER (IRILF—2NR-X) HiHHi
H(CENR]EEE RIRSNTLS,

As the co-firing with ammonia does not require major retrofits in the existing coal
plants, this strategy is favoured by many Japanese utilities, due to the limited capital
outlay.

7 EZVEDRBECEBIFORR N NFEEBFROXRNI MO BRSUEN R E
COEBR(EBEARZ BN RVTENS, HARDZLDENSHICKFFENTLS,

Japanese government aims to achieve 50% ammonia co-firing with coal by 2030,
alongside the goal of importing three million tons of ammonia by the same timeframe.
BARBATFE. 2030 FEXTICARREDS0% 7 EZ7RFEDER. EHIC, FFHAXTC3005 07>
Z7DEALVWVSBERZFER,
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The burning of ammonia to
generate electricity faces troubles
in maintaining a stable flame,
which has a direct impact on the
efficiency and performance of the
power plant.
REBCBVWTT 7 ZRESE3(CER

E R R PRBE HETT S 2 THRAMTHIEREEN
O\ CORIKIIFEEFTOES LU/

IA—XRACEZENRREZRET,

Limited scale of co-firing
demonstration at Hekinan Unit 4 (8%
of estimated annual consumption)
suggests that technology is not yet
commercially ready.
ERANNASHEORIEORIEEER (SHEE SR
HEH= 8 %iRIETHD., CORMIN RN RER
FEICES>TUVRVEZRIEL TV,
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Lower flame temperatures and
flame instabilities can result in
localised air pollution from NOx
emissions, unburned ammonia
which reacts with NOx and SO2 to
form secondary PM2.5 and unburnt
carbon in fly ash.

IREERE MR RETERBE . NOxHE

(CLBBPRBIRASKUE R, RIAEE7>E

ZT7INOXBLUSOL,ERIGU TZIRERKD

PM2 5’(‘3754 TWDJEIJ(CEELW%}“_*?E’&HZ

While the demonstration plants and test
pilots have not seen a significant
increase in exhaust gas pollution, the
complexities in technical designs of
the plant means that there is still a high
risk of localized air pollution.
EAEERRT > heT AN A OYRTIE, BEHRTE
FOKBRIENERSNBRNN, T3> hDF
filiaat OEHE (L. BRI RBRASKIBROUZATH
AL TRV EZRIRL TLB,
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The large price differential between
domestic ammonia and
international imports means that
Japanese utilities have few options
but to rely on cheaper imports,
with negative implications for
Japan’s energy security.
EET7 > EZVERIAT O EZ 7 DMHEEN
REVEWDZEF HERDENSFE(CEDT
(FZ VA VTP (ICFBD UM DZEIRESE D
PROCEZBIRL. BRQIRIF TS
RIB(CEEEZREFTEICRD,

Assuming a 20% co-firing rate, Japan
will require about 20-25 Mt of
ammonia every year for use in the
power sector, more than 20 times its
current demand.

SREREER20%E 9. BARDESIEPIEFERK20
~25MtD7EZ7 2B EL. CNFIRTEOFEER
D20fSU E(CHHHT B,
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- Integrated gasification combined cycle (IGCC) plants convert feedstock into synthesis gas, which is cleaned

before burning in gas turbines to generate electricity.
ARHZEEEFE(IGCC) T35 NMIRENZEMAACEIL ., FRR(ICHREDHICERTAZNRI-E TR %,

IGCC plants have several advantages compared to traditional pulverized coal plants, including:
IGCCTZ> NFaERNDFEEFRICLEEL. LOHDAYY MYBD.

Reduce air pollution KZ5ZRDIE

Higher thermal efficiency BEGHZR

Greater coal quality flexibility AR RAINDOZER

Easier/cheaper to integrate with pre-combustion CCS %1/ BZRABERICCSHAE

IGCCT5> bOEEIERK HA3ME
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Cost-overruns due to technical complexities of
IGCC plants are one of the main contributors
that led to the series of high-profile failures of
IGCC plants.

EBENEIGCCTZY MR DO ERERD1D
(&, IGCCTS> hMDOILAMIBY R HERES(C LD IR NBIB THD.

Out of the 25 coal-gasification IGCC projects
that were proposed in the US in early 2000s,
only two projects were brought to completion.
2000 FHIHAICKETIREEIN254DIGCCTO> 1
D55, FERME TCE DIFDE2MFTIBERL,

Even for the projects that went ahead, budget
overruns, sometimes to double that of original
estimates, were common.
HETURTOS 1IN TEX, BFCEEHPORBEEND24E(C
L2 FEBIEN AR,
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Figure 4.2 IGCCOEAIA R (CAPEX) Rising CAPEX/kW installed capacity poses
8000 significant challenges for scaling up deployment.
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Figure 4.3 IGCCF=EFR(CEEI2IAMAER
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PR EE(L

IGCC plants cannot be
retrofitted with pre-combustion
CCS technologies. Additional
investment into IGCC will directly
translate into new-build coal
plants in Japan.

IGCCTF> M&. RRBERIDCCSHEAlT T4
FFITBLRBTERL, IGCCADEN
K& BATHRRNDFEEBFINFhERS
N3EzBKT 3,

This will not only contradict Japan's
overall climate ambitions, do nothing
to reduce grid emissions to put Japan
on a net zero trajectory, but also result
in significant stranded asset risk in
the future.

ZOZE(F. BAROKURZEEI DT LRI EIRE
FIEI DI TR BARNRY MOZER TS
IHDITIRICHEH B T T2HDT Uy REEHEDH|
REITDRVNENDN, FFROEKXR PR ERE
ADEEIZET LD

Feiti ) =R

IGCC plants require three to five
years to reach a stable level of
availability. Even with such a long
synchronisation phase, IGCC plants
still face consistent issues with
reliability, with high incidences of
plant outages.

IGCCTS>hTlE. ZEUILFIHRIREME(C
FET2I6H3-5F2E T . IOUIEH
DFAEZITOTEH. AL TEFRTEDERE
(CEELTWAILRIEETET. T3V M
FIEFDHEREZF N,

To improve availability, some plants
have burned natural gas as a backup
fuel, or installed additional gasifiers.
Both options add costs to the plant.
EIRA e Z= OB, —BDTF> RTIE/N\yY
TYTRBIEUTRAN AR RBEE D, HR{bE
BZENRELDTZILCRDN, WITNICEEK
FEBPRICEOTIERDENEEERD.,

SAIY1IN- A1V KI (&)

One of the key benefits of coal
gasification (IGCC) lies in its ability
to use a variety of coal grades,
particularly the lower grade lignite,
which is largely regarded as the
world’s most pollutive and
energy inefficient fuel.
IGCCOERRIYID1D(E, ZERRAKR MR
AL, FHFCHARTREGBRENVECIRILF
—ZhEHIMEVRRE B REN TSR
D1ERZFIFATEDIETHD,

Should coal gasification gain mainstream
status in the power sector, it could
breathe new life into the sunset
industry, raising concerns of a jump in
carbon emissions instead of reduction.
AROAZENBHEFITERELBOIEE. §
PREE (AL VVEZREIAD ECRDNMAT, R
RHHLEOHIRTER, SBMEIERDIEN
HREns,
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pESEINVE 2]

CCS is used to describe a suite of technologies that aims to capture CO, emissions for permanent
storage, primarily in saline aquifers, or in other geological storage sites

CCS (Carbon dioxide Capture and Storage : —f{bikZREIUX - BTEE) &l E(CIB/KERKEX(IMMDET
EBMEIC B LR RHER S ZEIURL. KABTE I 5L ZBEMET DB 2169 .

CCU (carbon capture and utilisation) can be considered an extension of CCS applications, where
instead of going into permanent storage, captured CO, is utilised.
CCU (RFREIXBLUFIA) (E. CCSEREZHILRULBDEE X, BIYRUE —ER Lk =2 K ARTEE I 2D TIEL, FIH

I2HENDTHD. . A .
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REOHDO—iE : 9.8Gt (FHKY) OFD 17Mt (AHKY)

There are about six planned CCS retrofits on coal projects, with the potential to capture up to 17 MMtpa of CO,. This
represents about 17% of the CCS project pipeline in terms of capacity, but only 0.17% of the coal emissions from power
generation in 2020.

SHEISNTWBCCS 170217 MIKI644HD. B A T17 MMtpa MCO,ZEIUX TE 3 aIEEMN'DD. CNIFBEICBVTCCSTOS I N1T51>0
#17% (AHHT DN, 2020FDAKRNNFEEOBHEEDONIN 0.17% (SEERL,

Figure 5.3 EARRNDFEERR

CCUSHEAR R HFERAIE EEPOCCUSHA R HRER
120 BRTCCUSTOV Y- N —4 L A4, 2014) | 0.8~1 MMtpa
A FS1 DT %ICHY T 5.
100 20204 8%, #6EDTOI T+
HEHSY, TOIFEAETKET. W EhiCCUSEA R hBEER
80 16~17 MMtpa®CO2%#EY AFS -/ EE. 2017) 114 MMtpa

TEIAEMS BB,

ERPOCCUSHEARRINRRA

ER#EH (FFE. 2020£H£418) - 0.3 MMtpa

H2 7T (#E, 2023) : 5.8~6 MMtpa
FrSlF-Pr kb HE) (4.3 MMtpa
FLeAU—A7—+ GEE. 202045050 :5~6 MMtpa
FodTo kW FS (3E. 2025~2026) :0.5 MMtpa
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® 5k ® T
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Bl Global CCS Institute®F—4. TransitionZero (C&353H7
FE: RS- 9732020 FICH LTSNz, TUYSR—b A—=Z—XCCS (A—-ZARIVU7) (F. SESFRREBHLVTETOTRAZBRIETBZCCS BERTHERINISEMBEIFE SO>I M CHhdIh.
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Carbon capture and storage (CCS)
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ENRIZMICCSOE A% SIS E2— US$74/tCO,

Figure 5.4 ARNHFEEFROCCSEADLCOE (REBEHIDOIAN, IF(LFEIR)
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Carbon capture and storage (CCS) 1D TransitionZero

| D OO TRV SIPID CCS TR CESEIRTE B S

Japan CO, storage potential (GtCO,) HAEDCO28FHEESH (GtCO2)

As it stands, there is no real consensus on the CO, storage potential in Japan.
BPIRTE, BALSFBCOFEBIENCOVTEEIIRIAHZER,

Japan 2021Energy  S/NEERMMET SAHEER
Policy Review® BE . ITEAS .
ABCENEEADE 28 GtCOo, 197 GtCO,
MBI CO2BTEEBTE

73 : #9146 GtCO,

TransitionZero (33tiBETERBTESD
AL BENICFIH #115GtCO2. ZD55M10%hE%H
AJRERER (L 3 % BICFIFBEIRE THAEHETE

Japan's annual emissions currently stands at around 1 GtCO, per year. This means that Japan’s CO, storage may run

out in about a decade. Japan suffers from a hard constraint on CCS applications due to limited storage sites, thus
careful prioritization of its CCS application is required to support its decarbonisation journey.

R7E. HAROFRPIHE(EF#I1GCO, LIEFEINTVD, CNIFBEARDERETEM(EFI 10FEUNERRBVLZRIRT 5, ATEERAOIZIERS

nTaEh. BARBELVEIRICIMFSNDIELRD, SoT. SEROBKRR(EDITIEZZ A3(C(F. CCSEAICOVWTIEE(CREIRMIZEDH DN E
h'&3.

S|F7t: TransitionZero
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Carbon capture and storage (CCS)

O TransitionZero

CCSOEDARDERRE

HEETONRIE

Experience from operational CCS-
equipped coal plants see
exorbitant penalty of 23% to
30%.
BREROCCSHHRR NI FEEBFIORRER
Tl&. 23%h'530%¢& VW3BEDZhERIK
THAESNTWLS,

This “parasitic” energy consumption
reduces the electricity available to be
sold, depressing plant profitability.
Ultimately, the presence of heavy
energy penalties may render a CCS
project financially non-viable.
CONMIBER I TRIVF—HER (L, BRSTRIAEIE
5 (FAREH) ZiREE. 50 MR %
KTFEE2. RIEM(CE, AREERZIRILF-D
RESHS, CCSTOT 1 MBABMIICEIRA
BJREL TR AIREEN DD,

BRIRERE

CO, leakages in offshore storage
sites will have negative
consequences to marine
biodiversity. High frequency of
seismic activity in Japan increases
risk of carbon seepage.

HE (A7237) ETERHTOCO,mEE.
EEEYSRGCEREEERET. BX
NIZE. EEE CHEFESHICCD,

{EIRRMBYAIDEEDLHHZEIN D,

Japan-specific risk assessment of
offshore CO, storage sites is lacking. The
risk here is primarily one of “unknown
unknowns”. More work needs to be
done before calculated risks can be
taken on the operations of offshore
subsea CO, storage sites.
PERTEBCH I HAEEOURTFHINAE
LTW3. COURDE I DSRVDN TS, 53
HERVWICEERIRL, HEBECCS ATEERED
EE(CEU. FRIRTEERURIDZZ T ANZRIEE(C
FBI(E, SHRBATHHE,

U-R91LDERS

Due to the long project lead time
(7-8 years), it is unrealistic to
expect a rapid scale-up of CCS
projects to meet 2030 goals.

JOZ 1 bOY— R LW 7-8FERWVTEN
5. 2030FDSURBRDERKICEIFT
CCSTOP 1/ M 2RICKIIE LS 2L
ZEARF I DDEFIRER TR0,

CCS will, therefore, only be available as
part of Japan’s longer term technology
suite. However, by then, low-carbon
alternatives, particularly low cost
renewables, will have gained cost
advantage.

CCSl. . RVETRRLE. BHARDFAMEFDUE
DELTTHNISFIFRIEE(CRZN, BNETICHEK
RERDRBIRIF— FHEIR NOBAERIEET
FIF-HIZXMEAIMEZESLUTVREHSN S,
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BARODENBMICETEIBERBEIRILE—OH-LEFE

New resource potential estimates from the Ministry ofthe Environment reveals that Japan has
more than double the renewable energy potential it needs to power its economy.
RIBACEBDFRBNT I OHERICINE, BARIC(E BEDREIRILF—OMT> I EARDRR
BB ST ERTIRIF—D24EULEHBENBASHER I TS,

Table 6.1 BETENIEARICEF2BEAERIREIRIILF—DBIREM

Technical potential : $Z4ilTHBTES Economic potential : #ZFrIBTEN
Rasw | Cenerwon:wmm | TREShUAl) " (wh)
GW TWh Low High Low High
Solar Residential % 210 253 38 112 47 137
Industrial T2 2,536 2,969 0.2 295 0 367
Total &5t 2,746 3,222 38 406 47 504
Onshore wind P& FREDFEE 285 686 118 163 351 454
Offshore wind ¥ ERNDFESE 1,120 3,461 179 460 617 1,558
Hydro KAOFE 9 54 3 4 17 23
Geothermal HhZAFEE 14 101 9 11 63 80
Total &5t 4,174 7,523 347 1,045 1,095 2,619

Z Iz TransitionZero, MOED 5 D5/H
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Low carbon, least cost alternative: renewable energy O TransitionZero

R ABAERREIRIF—(FAERLDEZAMIC, BFEEEmENMEIRMIRL LTS

Figure 6.1 BAROARIMEERMOBLVOBLETTGRIFIIF-ERND2020 FRIEDLCOE

At present, stand-alone solar and onshore wind projects are cost-competitive against coal—based generation technologies.
WIFRTE BB ARESLURE EREDFSTEIOTOS 1Y MY GRICEDREERMICT U THREHINDS.

Due to the high cost of battery storage, which adds over US$50/MWh to generation costs, currently RE plus storage
applications tend to fare poorly against various coal-based technologies considered.
ZEEMOIZAMS< FEEIZANIS0K R/ MWhL ENINEEN S8, BAERIRRI R —(CEE M EHRIZ7IVT—2a (. BETanTuaeE
TERARNDFEEBRAMIEDFRFENEHEUVRIRTICHD.
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2030FFXTICBIR+BEMOIANMIAGRNALDEARLRDFRF I ZIFD

Fig 6.2 2030FDAKFAFEERAMDLCOE

With rapidly declining costs of wind and solar, coupled with a high carbon price, most renewables plus storage options, except
floating offshore wind, are strong competitors against not only advanced coal-fired power plants, but also traditional coal
plants.

RAAEXRBADOIXMBRIARTUTWBILE ., IRERMMAENEVNCENS, FEALOBERIREIRIF —EEBEATS IV FHIF LRANDFREZRNT,
FOERNRARNDFEEILI T IEROARNDFEEICH U TOENRERRNER I ILICRD.
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2030 HAROFEEEIFI(CHITBIRFHIIHE FIHRER

Fig 6.4 2030FDBR5FHIIRE FHHHR
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