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We developed a global energy system model and assessed global net-zero
emissions scenarios by 2050. The model represented several energy technologies in both energy and
demand sectors, and innovative technologies such as hydrogen and direct air capture. The results
indicated that share of hydrogen energy carriers can reach around 15% of global energy demand by
2050 in case diffusion of biomass and carbon capture and storage (CCS) is constrained. In addition,
when electrification in energy demand sector is limited, synthetic hydrocarbons can be an
alternative mitigation option. Meanwhile, the importance of holistic policy design including other
mitigation options are highlighted, as hydrogen- and synthetic hydrocarbon-based energy systems
associate increased mitigation costs.



¥ X C—19,. F—19—1, Z—19 (i38)

1. WFEBIAE Y D =

2015 FITERIR SN2 B E Tl &l EAEZ 2°CR 0 310K < R B 1L.5°Clei 2 555
NEBRTDHENS BENEE SN, WFERRBSPIO (2018—2019 FtH) OWFZETIX, 1.5°C
HIEZ T 5 > U A Tik, 2050 4EEEICHER O CO, BEHHEITIEMRTE R (LBExr > hEr L
RiL) ERDIE, INEFERTHEDICAA A~ A L RFBEIHETE (CCS) HHAELET-
BECCS %2 X 5 & DHEH (CDR: Carbon Dioxide Removal) <0, T /L F —FE5E 0 KEHI A =
BRHEE LTRSS TVWEL2], 5T, BECCS 1T AEMER & OFia DIE&A[3]. = R/ILX—
VAT KO KB TR O EERTORE (EREEPEL) DORE[4]7: L < O EN R
i STz, BFFEBHBA S WL, 2 D X 9 2l - #RE - AL SR REEHN A BE L -5 E O
CO, v MPuERDOTZ7 A=V T 4 BIOREL 5%y YT U 4O w[RENMET
oMM ENTW e oTe, —FH T, KB ESCEIIZEE & WV o 72 A FTRE = R /L X — IR
RS DAL T AL O TER Y | 7o EHEZEXENL (DAC: Direct Air Capture) & V)Mo 7o fi 7o 72
IR OWT R OIENEE ST R Y, ZNODERFTOEm A F 2 /-5
CO, %y FErIFT U FTOBENRD BTV,

2. Lo HB

ARFZE T, K& A - #60 « AESPIBERIC K BRI O K F 2B £ 2 . R CO, %
v M o PR O A 22 EHATREM ORI Z BAO & Lz, &SI, FEHIKIC X 2 Bl ok s o
HR 2B RE L7BRIZ, COy %y M E vz R WICHEBLT 2B AR EH LN THZ &%
HEgE L7,

3. WFEED Ik

AR TIE, IREREEN N ETHEZED TEXEAARERNRE LT R — ZT L
EFNER—2 0, R CO, xy M agrHs TV A OFmATREL 25 L 5. EF /LD
BIRA~OILE A FEh LT, T OB, FEHIR 2 I £ 2 7 BRI 0% Kok FE OFM S AT RE & 72 5 &
5. TRAF—EE . MSICED AR A ERNNICHR T2, S HIT, BEBHEREEE L -HEiFox% &
HIFICRB T D3y P OR[REM 2 REHT 2720, ITEEFEN S L THER SN TWBHIKE
OB 2R BN E O A BI L2, ZE v, R CO, X M r T U F O3 A FEi
L7z, BATEEMZ HiEE R,

() AT~ AT AETILORAS

PO =3 X —IH CO HEH B A HERHT 5 2 X = L— 3 »E T /L (AIM/Technology-Global)
R LTz, RETATIE, kD ANAR GDP H0ERFE LTV AL LT, EAZIhE T
FIVX —HMOEINE - BHEOHERNO, RNV X— 27 NEH O/ MEEZ R Z
LT, COHHHE, mRNF—FEE =X NVF - AT AEAE 21T BREFROET
NThHDH, ETMMEEL, CNETHHEENPRBLTCELEAARET LER—RIZ, HRET LT
RO BRI EDOE Y 2 — NV EFHTIEM LT, RET /LTI 2% 33 oF -
HIZ Xy U7, RIS, SREEAN O MR E OHF 27 C& 5 L 9. 150 FREOHAM (] : &
SHEBH, b— RARTH, FERE) ZEBICHR- T, &5, B AR EBE LT
B ORI L PEHHBOR & LT, KB L ZNEHWIZERRE,. DAC #ET VN THRZ D L9
WRET-o7,

Q) TARNX =V AT AETNE [N CO %y MEa T U A O
DR RV F — 2 AT NS LE S FEREE PE O FEAT

LU 7 BRI PE S B L LU C, MAERENCE IR, BREISN D EFEOR (EEEE) BX
VFDOEFEMEEDOERINEFEMTEDL LI ETNDRBEITo T2, AT DS < 1ZLFA B
BHRAE R oA R+ A K 13T O T 3L X —HAGR O B il o JEREE E 0 & Befb & F2hE L C
X 72[5]178, AW TIET R X —FBEROFEMICHOWT b IBHEGEDO i Z Ef T 5 L 5 E
FINLBEEITV, R 2T T U A8 L OHAD 2050 4 80%HIE STV A4 Z 56t I Gl 217 -
QR CO, % v P I BT 2 Hrig i & El 0 21

Bt KK 2 BB L= A IcBi 2 B o x v b e OERA[ENZ T 5720, =%
XIS T 2 I & L TKRFELEENZERETH 3L F—F¥ VT (T
E=TE) OFGEEFME L, HHKE LIS A~w R & CCS ZEE LT,
QAT K K %2 B LIZBR DR CO, %~ b B u R D ER

NA F=A, CCSITMA T, #HNEBE L T RLX—FBEEMB T 5B - KB
W DA K FE S SN2 GH OB 3R > B a v U O FEtEIC W CRHMli 21T - 72,
R 7R E LT, AKEEEIN LTz CO & HW =AU E GRIK, T A) OAEFESIN & H721C
T AGAR, BEAF OIRIARIREL « T A ZFHT 2 BB CORBANTRETH D & Lz,



4. WR7ERE
(1) WFZED T2k Fe
OAH 72 = R VX — T AT LERHRE D JEREE BE O R

R RNV = AT LT A EROZHE T, 7VT ZRRIN BED 2°CHEEICE T
TeHEHHEE S T U 2DV T 2050 FFEE TOHHT 21TV, =R —HHGERIC I 1T 5 JEMEE E
DEREIEIToT-, FOFER, 2°CTF VU A TiX CCS 72 LOF R A F1FEIL 2050 45 £ TITT
TIEREGEAL T2 Z LR ENTZ, — T, 2030 FEOHI B EA RO BN LT 5 2 &
T, BHEEFEOBEEZBIZ M TEXH 2PN LT,

HAZ 5f5 & LgE Tk, YO R HIETH - 72 2050 4 80%HIE & kR IZ, = R/LF—
B - HEMOEMEEFEOERILEZB 2 o7z, FRE LT, 2R EZ LS > F VAT
Tk, BESO = L —HHGER721) T < | RIS LA BRE 2 1 E 9 2 BV © B
TEE AL T A ABEMERH D Z L ZHLIZ LT, 7277 L, ERE — AR TS E IR IRFH
W~DOHBI LD FEMBOR & | [RBA~OMFEAHHITINZ THIZEMICE L 5 2 & T, FEHM o
WEFEAFIZ DD KK TE D2 2R LTIm, 2SO EIT., B OBLEH & BREHFSE &
LCOH Mz itr Lz & & bic, REFEBSOFMMI A & Vo 125 5% OKUEL B BUR~D
RIBLE LTHLHEERTOHDI EEZBND,

QMR COy 1~ M E v HEHIC BT 2 R OB O FHE

R A XHEIT, 2050 EEFE TIZ CO, X ME A ERT A F U FlconT, KEB L
WABEFEOZ XN X —Xx VT (T rE2=7, BREN OREOFMEIT 72, T OB, %
7 - BRYE - AL eEEHIFI D & . BRI 72 KBS i O RHEFMEDO R ZWHdfr & LT, CCS &N
A I~ ADERKITHIKI ZR T2 T U Ao THE o 21T o72, fERE LT, 1.5CHEEMY
(2050 FElz T L F—HIF CO, MFTxy hEr) O F U A, BLO2CHEEFEYTH CCS
R T AT, HRADZ RN F—FEZIIHTIHIKEZ R —F v T O
KL 2050 T 10-15%F T L7z, 7T, KFBOWLEFE R MIEIOK 1.5~2 5L
720 MR EAL c S A ANMBNLE D T LD L OFEMY T ) A TIIKEDOWE MR
I S%REEICR AR oTr, KB RAX—F v U T ILERHA TR LEEASN, FE
¥ RBFEHMTHL EPEASNDEN, BRAHATOERITIR LN hoT2, — T, B A
FwAFHTEDO LTV A - EHATHLIBE L CTEERGR ThH o722 &b, KT RIZHIT 72
HAF B CBOR O EEMES R Sz — 5, KEORIETFT 5 2 72| BLE L E OO
72 I O B EEVE DS RIE STz,

@B IR %2 B R LB R CO, % v h ¥ EkOE R

2050 FFEHICHES CO, 1y FERPEHZZER T 2D T U 2O T, ZRXLF—T AT
LET N EMWTCERE 21T > 7o, ZOBR. Ao A~ X & CCSITMA T, Hx Ry - 1
SMERIC L > TR X —FEIM OB - KBHMOL KFHE RPN EZR T2 ) 4%
BICICHEL, 2O X5 REA T TORBRZRPEHEIRS TV O REHICONTY I 2 L—
VarEiTol, MRE LT, Z2DO XD REANHKI T TIE. DAC & BAFRET /L F —iFK
FIZ L D RFERFIH (CCU: Carbon Capture and Utilization) (2 X 25 & aEREN DM} 23 A e K
THROT R NLF —FEED 30%IET D AlREMEZ /R Lz (X 1), GRgkkEHE, K& & RBEICE
(ZIEFT Y COFIH B e b 2V A3, FEEM - RASMICEB W CTHEMICHA S, HFT5
CO HEHDBREICH DA T > a v L B ATREMEZ /R LTz, 5 T, BRI O RIE = KL
— 1 AT, =L I RIEICHEIN L, ok > hEr o) U 4 (CDR O KEHEF]H,
EEMADOEN) LR TR RALE = XA TF A X MIF2MEERY | BAE CORBEI KX
WZ EERLZ,

Q) EoNTZEEOERNIMIB T HAEST & A 37 b

2022 FRIZAER S IPCC 55 6 GRS+ (B8 3 fE¥(H2) [6]TIE. * v MEndEiZE
K B EIRA R ) AREBOR SN, 251X EIC CDR A 2 — R L X —F I - E
B2 E%fES LD TH 72, AFETIEIINS ORKITIEFE L 2WHilz/exry hEr vt
A& LT, CCU ZIEMT AT U A %8R Lic, ZAULFIRZ2FHMEIIN %, IPCC & 7 K
S Z L mNT P2 EERA R e 2 R 2 =T ~ORIBOBLEND b EEERE N EEZHND,
F o, BEICEERAREIT R v S B a e oz i 72 H IR OBRET 2D TR Y | AR E
EEl (my 7 A42) LT Wik EEZRZICBWT, AL TR L CCUEM YT U FiEiR
JeD—o 72052 LD, BUREME LTOA U7 P REWVWEBZ LN,

(3) SHDOEE

AWFGETIIARFERL CCU ZIEHT DTV Ao a[REMEZ /R L2, [FRHCEASEOME D KX
WZEEH LI LI, BHOEND X0 A2 R ITIT= L X —FEH OB,
BECCS %5 #r%4k7 CDR #ii03dh 5, LML INDHDRT i ¥ /L0 K FHFEITIZIH & 2T
o TWRNENEL, ZRHOHABRD HRD,



a Industry Buildings Transport
T 2004 1
= gtr;er
- | | ydrogen
w 150 Heat
E)‘ 100 | E!ectricily
o Biomass
[ Gases-synfuel
— 50 B .
g Gases-fossil
iL Liquids-synfuel
04 4 4 o .
T T T T T T T T T Liquids-fossil
SIS O S P &L & Coal
C)’O C)’Q 0‘0 O’O O’Q O‘O O’Q ()’Q C)’O
R AR RN
b Passenger Freight Industry Industry Residential Commercial
road transport road transport boiler furnace space heating space heating
100%
&
© 75% -0o—- 1.6C-CCU
c
.g 50% -o- 1.5C-DEC
3
E‘IQE 25% —o- 1.5C-CDR
O% T T T T T T T T T T T T T T T T T T T T T T T T
QD a0 O OO0 0 O OO0 0 O O a0 O O a0 O D0 O O O
QPO RN e g P i A PP L P 0 g P g iy g P i S Y i M
BT S T I F ST S S S S

1 ARBREIZEZEE LRy F T ) FICBIT D 5 X—EEEH O FE A, a)il
FABIE IS = R L X —1HE . b)TE RIS IT 2B - KFBHIGTOE K ROAR, Bl - KFE
et o KR EE A Sz F U A4 (1.5C-CCU) Tld. ARRENHC A F~ A DE KRR
rErIZEFES LTS,

<5 H3CER >
[1] Grubler A, Wilson C, Bento N, Boza-Kiss B, Krey V, McCollum DL, et al. A low energy demand

scenario for meeting the 1.5 °C target and sustainable development goals without negative emission

technologies. Nature Energy. 2018;3:515-27. https://doi.org/10.1038/s41560-018-0172-6.

[2] Rogelj J, Popp A, Calvin KV, Luderer G, Emmerling J, Gernaat D, et al. Scenarios towards limiting
global mean temperature increase below 1.5 °C. Nature Climate Change. 2018;8:325-32.
https://doi.org/10.1038/s41558-018-0091-3.

[3] Hasegawa T, Fujimori S, Havlik P, Valin H, Bodirsky BL, Doelman JC, et al. Risk of increased food

insecurity under stringent global climate change mitigation policy. Nature Climate Change. 2018;8:699-
703. https://doi.org/10.1038/s41558-018-0230-x.

[4] Cui RY, Hultman N, Edwards MR, He L, Sen A, Surana K, et al. Quantifying operational lifetimes for
coal power plants wunder the Paris goals. Nature Communications. 2019;10:4759.
https://doi.org/10.1038/s41467-019-12618-3.

[5] Johnson N, Krey V, McCollum DL, Rao S, Riahi K, Rogelj J. Stranded on a low-carbon planet:

Implications of climate policy for the phase-out of coal-based power plants. Technological Forecasting and

Social Change. 2015;90:89-102. https://doi.org/10.1016/j.techfore.2014.02.028.

[6] Riahi K, Schaeffer R, Arango J, Calvin K, Guivarch C, Hasegawa T, et al. Mitigation pathways
compatible with long-term goals. In: Shukla PR, Skea J, Slade R, Al Khourdajie A, van Diemen R,
McCollum D, et al., editors. Climate Change 2022: Mitigation of Climate Change Contribution of Working
Group I1I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge,
UK and New York: Cambridge University Press; 2022.


https://doi.org/10.1038/s41560-018-0172-6
https://doi.org/10.1038/s41558-018-0091-3
https://doi.org/10.1038/s41558-018-0230-x
https://doi.org/10.1038/s41467-019-12618-3
https://doi.org/10.1016/j.techfore.2014.02.028

14 11 1 7

Oshiro Ken Fujimori Shinichiro

313

Role of hydrogen-based energy carriers as an alternative option to reduce residual emissions
associated with mid-century decarbonization goals

2022

Applied Energy

118803 118803

DOl
10.1016/j -apenergy.2022.118803

Baptista Luiz Bernardo Schaeffer Roberto van Soest Heleen L. Fragkos Panagiotis Rochedo 73
Pedro R.R. van Vuuren Detlef Dewi Retno Gumilang lyer Gokul Jiang Kejun Kannavou Maria

Macaluso Nick Oshiro Ken Park Chan Reedman Luke J. Safonov George Shekhar Swapnil Siagian

Ucok Surana Kavita Qimin Chai

Good practice policies to bridge the emissions gap in key countries 2022

Global Environmental Change

102472 102472

DOl
10.1016/j -gloenvcha.2022.102472

7
02 2021
G 1197 1_207
DOl
10.2208/jscejer.77.5_1_197
7
2021
G 1.275 1.283

DOl
10.2208/jscejer.77.5_1_275




35(3)
2021
124 126
Dol
Oshiro Ken Fujimori Shinichiro 16
Stranded investment associated with rapid energy system changes under the mid-century strategy 2020
in Japan
Sustainability Science 477 487
Dol
10.1007/s11625-020-00862-2
76
2050 2020
G 1_243 1_252
Dol
10.2208/jscejer.76.5_1_243
Oshiro Ken Fujimori Shinichiro Ochi Yuki Ehara Tomoki 227
Enabling energy system transition toward decarbonization in Japan through energy service demand 2021
reduction
Energy 120464 120464
Dol
10.1016/j .energy.2021.120464




Sugiyama Masahiro Fujimori Shinichiro Wada Kenichi Oshiro Ken Kato Etsushi Komiyama 16

Ryoichi Silva Herran Diego Matsuo Yuhji Shiraki Hiroto Ju Yiyi

EMF 35 IMIP study for Japan’ s long-term climate and energy policy: scenario designs and key 2021

findings

Sustainability Science 355 374
DOl

10.1007/s11625-021-00913-2

Shiraki Hiroto Sugiyama Masahiro Matsuo Yuhji Komiyama Ryoichi Fujimori Shinichiro Kato 16

Etsushi Oshiro Ken Silva Diego Herran

The role of renewables in the Japanese power sector: implications from the EMF35 JMIP 2021

Sustainability Science 375 392
DOl

10.1007/s11625-021-00917-y

Ju Yiyi Sugiyama Masahiro Kato Etsushi Matsuo Yuhji Oshiro Ken Silva Herran Diego 16

Industrial decarbonization under Japan’ s national mitigation scenarios: a multi-model analysis 2021

Sustainability Science 411 427
DOl

10.1007/s11625-021-00905-2

Sakamoto Shogo Nagai Yu Sugiyama Masahiro Fujimori Shinichiro Kato Etsushi Komiyama 16

Ryoichi Matsuo Yuhji Oshiro Ken Silva Herran Diego

Demand-side decarbonization and electrification: EMF 35 JMIP study 2021

Sustainability Science 395 410

DOl
10.1007/s11625-021-00935-w




30
co2 2021

55 61

DOl
34
2020
11 14

DOl

10 0 4

Ken Oshiro, Shinichiro Fujimori

The role of hydrogen-based energy carriers in meeting the decarbonization goals of the Paris Agreement

Fourteenth Annual Meeting of the Integrated Assessment Modeling Consortium (IAMC) 2021

2021

29

2021




co2

29

2021

43

2021

Oshiro Ken Fujimori Shinichiro

Measuring stranded investment associated with transformation of energy supply and demand sectors in Japan

Thirteenth Annual Meeting of the Integrated Assessment Modeling Consortium (1AMC)

2020

Sugiyama Masahiro Fujimori Shinichiro Wada Kenichi Oshiro Ken Kato Etsushi Komiyama Ryoichi Silva Herran Diego Matsuo
Yuhji Shiraki Hiroto Ju Yiyi Shogo Sakamoto

EMF 35 JMIP study for Japan®s long-term climate and energy policy: scenario designs and overview

Thirteenth Annual Meeting of the Integrated Assessment Modeling Consortium (1AMC)

2020




Ju Yiyi Sugiyama Masahiro Kato Etsushi Matsuo Yuhji Oshiro Ken Silva Herran Diego

Industrial Decarbonization Under Japan’ s National Mitigation Scenarios: A Multi Model Analysis

2020

2020

2050

28

2020

Diego Silva Herran

EMF 35 JMIP

39

2020

Sugiyama Masahiro Fujimori Shinichiro Wada Kenichi Oshiro Ken Kato Etsushi Kurosawa Atsushi
Herran Diego Matsuo Yuhji Shiraki Hiroto Shogo Sakamoto Ju Yiyi

Komiyama Ryoichi

Silva

EMF 35 IMIP study: preliminary results and implications for Japan’ s climate change mitigation

the 23rd Annual Conference on Global Economic Analysis

2020




https://ww.t.kyoto-u.ac.jp/ja/news/topics/research/20220304

(Fujimori Shinichiro)

(80585836)

(14301)




