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Japan Power Market Structure (post-April 2016)

SYSTEM
SENERATON OPERATION m S M

Tepco [semi-nationalised following Fukushima nuclear

Wholesale

market: Kansai Electric

Residential
Japan Chubu Electric

Electric
Power

E)Etjgg;)ge Kyushu Electric

Commercial
6 other vertically integrated regional ufilities (VIRUs)

Wholesale utilities:
J-Power, Japan
Atomic

Other suppliers I | » Other suppliers

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

Industrial

Japan Power Market Structure (post-2020)

SYSTEM

Tepco Tepco

ufilities (VIRUs) utilities [VIRUs) Tepco (T&D legally unbundled from

generation and retail)

9 other regional 9 other regional Tepco [ 2
’—’ Residential

9 other regional
holesal {VIRUS)
Wholesale
utilities: J-Power, Wholesale 9 other regional utilities (VIRUs)
Japan Atomic market (30%+ (T&D legally unbundled from generation and retail
of VIRU except for Okinawa Electric)

demand):

Other suppliers Commercial

Other suppliers
Japan
Electric
Power

Exchange
(JEPX)

Industrial

Regulator: Agency for Natural Resources and Energy (under Ministry of Economy, Trade and Industry),
Organisation for Cross-regional Coordination of Transmission Operators {OCCTO)
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https://www.iea.org/publications/freepublications/publication/NextGenerationWindandSolarPower.pd
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PHEZ R P EFEE L, KREFEZTIZ, PR FEEI DO 12550 TR O TEHHiE TOZRELTAIIE T H
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T, AN OV Tid, UUF#RA L TS 2S00, Carbon Tracker (2016). The end of load for coal and

gas. : https://

0ZEMNE DU Tid, LU ERML TS ES0, IEA (2017), Energy Tehnology Perspectives 2017. -
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Year Total generation under the IEA Beyond 2D Scenario (MW h)

2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

'

'

'

'

'

'

]

]

'

'

:

i We take IEA's Beyond 2D Scenario (B2DS) of regional total coal |
generation spanning several decades. B2DS predicts the amount of coal !
generation for each region of the world based on a least-cost pathway. 1
!

|

We then toke the B2DS prediction for
each year for coal generation and use

that to constrain the total generation.

coal units according fo cost. ' Lost revenues: $0
:
m ‘\

\ .
i .
i i
1

h

40 ' 1
h

h

h

h

H

20 [P ;
h

H

h

H

'

s} :

Cumulative generation (MWh)

)
!
1
!
1
o: Within each region we order all operating ‘ Potential stranded assets
'
'
'
1
60 .
v
.
'

Cost (S/MWh)

coal unit

The coal units that fall cutside the
B2DS limits are considered to costly )
and will therefore have 1o retire Potential stranded assets

Lost revenues: $200mn

60
s
£
E; 40
=
~
o
-
B 20
Q
v
Q@ 0
1
! As a result of relirement, they lose out of revenues that
' they may otherwise have collected if they had remained
| open under a Business as Usual scenario. .
! ‘ Potential stranded assets
| Lost revenues: $400mn
'
'
o
—_ :
< ;
E: 40 .
=
~
o
-
‘g 20 RS
o =]
=]
<]
o

+

The difference between the total revenues collected under a Business as Usual scenario
and a Beyond 2D scenario is known as Stranded Asset Risk.
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411 TEFPB L OBRRFTORIRK TR EFEXOREM

BE, BARICIZ 1 GW 282 2858, ErI%. E 7138 ATl O A R K J1 58 BT O ik
M0 ET, TNEOREINL, BORIIC RIS & bR, mm@ﬁm¥ﬂ6¥iif
(BB & BIA T 5 ATREME DN < . R &G £ AW R Ei (overnight capital cost) D EHE T,
290 fEKR FLOEARA X MIMHE LET,

# 3 HAOEZRTI LOGFHE O AR K FEET

I e
FKH 1 5% XEF/ 650 A fif U 2024 1,690
FXH 2 5% 650 A i U 2024 1,690
. o 1134
 PEARE (A 1 B4 650 % BT 2020 1,690
112 Gy VA 2021 291
650 xR 2021 1,690
650 2 iR 2022 1,690
112 A i U 2020 235
1000 A i U 2022 2,600
540 IGCC 2020 1,134
500 A fi U 2023 1,300
645 xR 2020 1,677
600 2 iR 2020 1,560
1070 % BT 2022 2,782
300 Gy VA 2022 780
1B (FO L) ] 600 BABRE 2026 1,560
FH 2 BHE (FEho L) ) 600 A fi U 2026 1,560
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AT (MCIR) \ 112 il 9= 2019 235

RRZHE 1 S hk B 650 < ST 2023 1,690

R 2 5 H% B 650 < ST 2024 1,690

/H1# : Global Energy Monitor (2019) | %if&% > F7—2 (2019) | IEA (2014) | BLG =2 F 7 220
— 7

Bex DMEHT 5 ERBEIL. UTFTOFE4D#EY T,

K4 Tuvzr MEFEEET VIHEN S D EREE

SRR HiHL

ARENTODIERPRVE S, LUFORA 7 —Hilf & L I8 E, TR
FUS $/kW 2,100, HEEF US $ / kW 2,400, #x EESR US $ / kW IEA (2014),
2,600, IGCC US $ / kW 2,900,

Bloomberg (2019) .
2014 435 2019 FEDA—A RT U T, AV KXV T, a¥ 7 DAKRD Ports.com (2018) . UN
INESEY), #iET7 LT ZAZHONTIE, K258, Comtrade (2018) .

Carbon Tracker 5341

BEAF ORRAGA T DK PE L~V TRES NI AERMBR A ERICE ST RFEEEICES KRR Y
axfiii M =, rU—2 (2019)

KRRt

EapiliEs

IEEORA L LT, AABENREIFNCE T 5 1 AERMOFHRTH AR > b S B —Z (2019)

ik 2

k=22 | (WACC) 2.5% Carbon Tracker #£E
2.5% Carbon Tracker #£5E
27% OECD (2019)

NBEHRARRE LTS, 80 : 20 DAMKICKHT 2 HOBEALERE

L Carbon Tracker #£7E

i L ORMOERPREH T, ZREN IS5 EB L0384, B  MBEE (2019) . KE= 1L
EREART A SO 50%% HD, BB 11 %% 505 &R, ¥—4 (2008)

ML - EBHL TS S,

I EDMDIEEIZON TIE, K2 #ZHL TS0,

TuYxl MEFHEET VOB RER SITRLET, BRIIT. 3OORBEELEHTHD
BARA R, MRS . BB & IRFEIFE D 2T U Ao G EE T, RAEFIH R 48%
Z RIS %6, BREHMIERS 23 104 Kk R/t 22 256, EAEHED 72 K F/V/MWh % a5 5
By ETITREMEEDS 26 Kk FAMCO2 A 256, iU OF TG EEZ 72 2 "TREMEDS
HYET, ThLOEENPKGNEIC 27256, HEE. WA, BLO/ELEBHRERNY
ATIZELEND AR Y £,
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x5 Tuvr MREEEET L ORER

FRH 1 5%

FKH 2 5%

JREF IGCC

i 1 B
R

Hatt

BB R X
=Y si=
g v, AL

BB R /L¥
=Y s=¥
EI KN

=7 (90%)
HOES
(10%)

JERA

HhIEE S
(50%) . IR
37 A
(50%)

a )L a3\
— R
a3 N7
— AR
DA 7T A
FT T —
=

HIEES

=3
(90%) . 3
T (5%)
WAL )
(5%)

VU= S

ES SO

FEPRPHFE

JERA

F7 Y=,
AL, At
Fal—

FEPABHZE
FER L

TEBRBR MG E
DFHI
(NPV) (&
Jik Rv)

$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

WACC = 2.5%
(%) Z#z5

IRR Z R TE 5

BRIEFIRE DR
fEAk¥E

49%

49%

62%

50%

59%

45%

44%

40%

42%

62%

42%

47%

44%

43%

57%

43%

42%
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WACC =
2.5% (US$/
1) 2z %
IRR % #Epk T
= DRI
DR

$109

$109

$95

$100

$85

$111

$111

$106

$121

$95

$125

$111

$112

$118

$87

$117

$119

WACC =
2.5% (US$/

MWh) Z 8%

% IRR % R
< sBEH
SORIEATE

$70

$70

$75

$73

$78

$69

$69

$68

$66

$75

$64

$70

$68

$67

$77

$67

$67

(WACC =
2.5% (US$/
tCO2) Z#x
% IRR % Rk
TZ % 2040
D[RR
D_EfR

$28

$28

$21

$24

$10

$32

$31

$23

$38

$21

$40

$33

$34

$36

$11

$34

$34
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B SR $74 54% $87 $77 $11
G QRET A JERA $5 48% $76 $82 $4
@R Il JERA $5 47% $76 $82 $4
Ty = - 48% $104 $72 $25

ML - 2 —R N Z 2 —

VE S VAT, MOBRDS FHOTREHE L TOE S, 7= E 21T, BEFITESTY 4 TIL 5 FRD
VISR & BB EHE L TOE T,

4.1.2 XM RBRENE . FIERBEFRBRIXALX—I1E, 2022 FE TIZHHAA
IRARXDFEE I LRI

BAE, BARIFIHACTHATRED XL —a 2 FRELEWVEO ST, KEEEED =
A ME 2010 £ 5 2018 AT /NT T 74% 0 LT D Z L ICHIERTARERH Y £9 31, X
10 TRk 4 2 X 91c, FHOME LR EIL, 2022 4F £ TICHHROGR A TI3E, 2023 4%
TIZHBOKGEHEL Y bR 725 L TRINET, BIFIIFEERRO KB EREIZONT
1% 2025 12 7 F1/kWh (~65 2k K/L/MWh) | 2 EJRJIZ-20 N Tid 2030 42 & Clz 8~9 [
[KWh (~74-84 K R/L/MWh) Lo il 2 N HEEZRE L TOET 2, 2 OBUFHIE
E. K100 P2 2 MER EIFE—B L TOWET, WEFR EEBORILERN, @k, B,
FIFERAHIO 11 GW DA RKNFEENOBERZZDOE MG 2 ERELIZEA, 20 L)
PR ZEENC L0 ERARJEMEEIEY A7 N U ET, FRICRE T 50 R KB OEAR
IR IS 15~204EC9, L7aMo T, AREZBRL L THRETH 2 Lid, HEEOEEEH
AT Y AT MIEOBLE D DI/ A R OBRPFJE TR WD, D OEEITY A7 B E
WEEZET,

31 [IRENA (2019) Renewable Power Generation Costsin 2018
32 SHEEMSE SR EF RS 2019) 7k 31 ELLIEDFEMISEIZ T35 5 )
https://www.meti.go.jp/shingikai/santeii/pdf/20190109001_01.pdf
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10 HARIZBITH2HHOHFEFREZ X/LX—0D LCOE & Fi#lofmkI)o LCOE

— K& L&A LCOE — ¥ _L&AJI LCOE — KX E LCOE
— HRA RS LCOE

120

2023 FETIT, FHOKEIHEERFHROLRKIIFHE
IV BRI DHEMENDH D,

100

2025 F TIZ, FROE EANIFHROAREEL Y LA
DAREHENH B,

80

|

60

%A (S/MWh)

40

2022 E ¥ TIZ, FHROFELANZ, FHROFRBEL D &S
RBHFRERDRH D,

0
2020 2025 2030 2035 2040

M : =R b Z o =M

M JE LR D TR IR C 3k D D TF, CAPEX (BARZEH) 142231 K F/HIKW, O &M( ¥ -
B 12 CAPEX D 1.7 %, RIGFVFFIZ26 %, 2040 FDRf7id 7iiE 30 GW, EEHWACC (NEFEEAR
2R P) (13.5%, BIEEARDEZE0 20, FEFIT25 %, KIGHTEE DI LFIHERIFIFID LB Y TT,
CAPEX /21932 2K F/LIKW, O &M /2 CAPEX @ 1.3 %, ZEFIHFIT 14 %, 2040 407 7w 7% 282
GW, FEEWACC /13.5%, BIEERDEIZ80/20, FEFHIL60 %, HE LMD T ELRFIHFERFITR D E 50
T, CAPEX /74135 2Kk F/LIkW, 41O &M 13 CAPEX 2.5 %, ZFFI/H/149 %, EEHWACC /7
4.2%, AFERDPEFNTT75:25, 2040 EDZFEE THIL20 GW, FEEFIT12 %, FACo0 T, #2 B4
OftteE L TS S0,

4.1.3 FHEOBAEFREIRXLXY—IX, 2025 EX TCICBEFEOARKAKNRB LV E
fili iz

HAFRTZRLX—0T 7 VEHIZ KD, TR, BAEMREZ RV —~OF - 2 &E 1L, BEfF
DHERKNFEEHMEBHIEL L0 b LEL RnEPREINET, HITBLORSITRTIIIC, f
RK TIREEE ORI 725 T, — A7 RBHMImAS L2k 77 L TV E 3, BREMITiRS O R IR Tidk m%
HFEE T, %T@Erkﬁ% BT EiET DL 0 b, FHOEERNDBI KB ERELEHRTD
FHINEL IR DATREMEN B 0 £, ¢%@%ﬂﬁ%fi\m%@Ef_ﬁﬁ®¢Lﬂﬁkiox%%
HEBLERTDINELRDAREMENDH Y T4, 5T, BREMEK O ERTIX, 2024 4F % Tl2id#H
HMoOLE LR %2, 72 2025 4 F TITITHHH O KGR E 2 i #6ﬁﬁﬁ<&67 EMERH Y F
T THOOREFRIT, KGrFE L e LRI 2% LCOE FRIOHFRAEIZE SN TNET, 7272

L. LCOE Difgix & HIC T THAREENHV £3, THOOFEEEZEN Lo+ Fico
Wi, REEBRLTLIEE Y, &HIT, K32 FNOLEERFA A[HET 1L X — OB 95
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Te DI RK N FEERM 2 @EICT A3y F GEEETIGCE) WICT 52813, O&M X + &
NS, ZTORFEIAFIEEERSEET 8,

11 BARIZBTHHOBEMNET X LF—D LCOE & BEfFDA KR KT D LRMC

—— [ L&/ LCOE —¥ L& J) LCOE —— KBEXFE LCOE
- - BEDOFR XS LRMC

%% 20254 TIC, FHOABAEEIREORRANEEBLY b
N\ B RD RSN D B,

2027 FEF TIZ, FROE EEANIZBEFORRAKAREL Y LE
{RBAREERH 5,

®M (S/MWh)

2025 FETIT, FHOE LEIIE, BHFEOERKIRELY b .

B RBFRERD B,
2020 2025 2030 2035 2040

M - 29— R T o —

JE - TRK I IE BT DB =2 X f D _FIRE FIROFHIEIZIE, < DD T U FBEH S ET, BEFDLER A
TIIEBID 2 X NI ENWE S F, 0 ORIRIREHIZHTEE T, ZHISITE 28O &M 5 L OVEE O
&M (SRMC /2= TRIEHZE - =2 X b)) PEFLET, MALKL, F—XFZ U7, a7, £ NF
ST L DA FHEL TOET, LRE FIRIE, #2510 E/DIERLHG2 17 R MiHE DX B 2 Z/E L 7=, IR
SRBIT D25 % & 75 % DIFHHX &2 L T, [ELH) 2 FEILIRMHEILTS N ko TT, EDMDIEEIZS0
Tl K DHEBLE KL D2 #2L TS ZE0,

33 |EA Clean Coal Center D5 (| L 71/Tm500 MW D1RK I FEERFr& A5 > F X5 — b, g —A X5 —

r BLOFZ—L PR 5 — pIEF X T, EAEF94,000 For, 116,000 Ak, 174,000 FvT9, 500
MW DE K BT DBl 4 2 /b5 180 MW F T/ & Firs &, 13,000 Fa7053 AJEEMHDRH 0 F T,
IEA Clean Coal Center (2016) Levelling the intermittency of renewables with coal. :

https://www.usea.org/sites/default/files/Leveling%20the%20intermittency%200f%20renewables%20with
%20c0al1%20-%20ccc268-1.pdf
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T ANy T (FEHINE) ATRERHTR O FAEATRET 1L X — 3V O BEE DA R K S B D
% ERD0NE. 2O ORI T, BORREHRIZ & > TO4 HOMEIL, FHEWRET
RNV =DRFha A NOBRETH L0382 Tide < B & RKEHEZHA LT AT MM
BERRIEL, AT LAEEOa X N2 FIF5hE NS 2L TT, [EAIL, ZHEM, TR, X
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7o b ZIE 2008 T A NV T v RORIFEENERFEERD 2% 2 50L&, TvaTn
77Uy ROBEMZIFTRD L D ITBEXTNE LT,

FLp L Z DR FEERIT, HEREES R T ADFN L —Z =5l 2T AN S5 S L~k
FRB LML BIZEIZ, B AT ADEF 2 YT ¢ ELTEMEICH TS VX2 & HDE
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UL, TANT v RTIEEE, BIEENFERBERD 20% L L2 EDTEY . 20,
BEFE D22 EMEDN ] LTV ET,

7327 (Agora) & HARTZRAF—MHAOREFETII, AARDES AT L% 2030 4% TIZ
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34 |EA (2017).Insights Series 2017 - Getting Wind and Solar onto the Grid. :
https://webstore.iea.org/insights-series-2017-getting-wind-and-solar-onto-the-grid
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7 FFEDBRRNT, KL T DJTF T FE LR DHEFF DI DI o THFE T, & 2I1E, FTE)
/22016 412 57 (K Fra i F L7, Genscape (2019). :

38 Genscape (2019). :
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