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IPCCOBFELEZITT, L BFHESEFRE (SSPs: Shared Socioeconomic Pathways)ZE & 5E S
(SSP1~5M5BED U F)A) . SSPSODARR)—SAUITRST=FBEMGIFIFZEEELTLVS,
A TIE, FDOA., hEILESSP2OHEBFFIVAZEE

[1H5%]
| 2030% |  2050% | 21008 |
ABEAN) 83.6 (81.4-85.9) 92.1 (86.1-100.5) 93.1 (70.0-127.3)
GDP(%./ %) 2.7 (2.4-3.1) [2o10E~] 2.2 (1.3-2.8) [2030%~] 1.4 (0.6-2.2) [2050%F ~]
HMEES (EL) 19.6 (18.8-20.0) 21.3 (19.3-22.7) 22.9 (14.7-26.5)
TAVNEEER (BLY) 41.6 (39.0-43.0) 44.0 (38.5-46.6) 44.7 (29.4-59.1)

BB DOREMERE (JKp-km) 30.2 (31.2-37.3) 60.0 (56.8-74.2) 83.3 (66.8-88.8)

[BER])(FR. fHOGOPERIXIREER S —R JR—2R)

| 203% 2050 21004

AO{EAN) 1.18 (1.16-1.26) 1.02 (0.96-1.22) 0.84 (0.47-1.05)
GDP(%.” ££) 1.6 (1.3-1.9) o10%~] 0.4 (-0.1-1.2) (2030 ~] 0.4 (-0.9-1.5) [2050% ~]
HMEESE (BL) 0.90 (0.81-0.97) 0.95 (0.73-1.11) 0.85 (0.45-0.90)
TAVNEER (BRY) 0.54 (0.50-0.68) 0.44 (0.31-0.75) 0.40 (0.23-0.65)

EERHMORE#EERE (JKp-km) 0.77 (0.69-0.85) 0.64 (0.61-0.82) 0.61 (0.51-0.70)

IV ENMAIE, SSPI~5FTDLFUADIE, GH. TRILF—FEOREENEFETIILTREMICHESNS,
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HE@FFTIFTOEE:BX

- A0, HHEHIE, AORBBERRFAOPLHEEA—R

« Eo2EBEHETRRLEVFIFICEIT2BEADOGDPEREI(L., 2030 FEF TIIHNERFHAEF MBS
MEFBMIRHLE, [DRHAOERFMBICETHEE (SHI3E7H210) IICBITAHERERTy—X
DEREGDPHEEEICEILVTLVS,

« ChiF,. BORIRIILXE—EARFHEOT/OIL—LBEEELEEHMLTWS,, GH. D1{EH2030FT
[ZDOWTIE. ERFEHODEEEDEEIC OV THERIRIL T —ERXHEOEELES S L ZTLLE
2=EEZFToTLVS,

- §E., BEEMNGIHREERYS—XJIZMZ T, BC<KHBEFAHHL TSI R—RSL5—R JIC
DWTHEEL . =L, SEDSHTIX. BEH-EIIEHOFH L. SMEELE  EETE
EZERMICEELTVNSIFIAITESN, REiEHICRBEOSFIAELE.

20154 | 20204 | 20304 | 20404 | 20504F

AR {EAN) 1.27 1.24 1.18 1.10 1.02
HEH(FAH) 5.44 5.49 5.45 5.16 4.74
=1
g 5317 5261 6597 6972 7076
GDP (billion USS$lyr | (FLR=EIR)
at 2000 price Vi
price) R 5317 | 5261 | 6158 | 6508 | 6605
(N=RA74V)
B 42.0 42.3 55.8 63.1 69.2
— ANZ1=UGDP (B REH) ' ' ' ' '
thousand US$/capita i
( pita) “EM_J . 42.0 42.3 52.1 58.9 64.6
(N=RA74V)
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REDEESLIUABIRILF—FEDOREL —
—A%7/-YGDP | HDD6°C HEEL-UBEE | CDD22°C HELE-USE
[1000 USD/capita] =] EE
[toe/household] [toe/household]
2020 | 2050 | 2020 | 2050 | 2020 | 2050 | 2020 | 2050 | 2020 | 2050
A& 42 69 39 19 0.343 | 0.301 136 195 | 0.064 | 0.143
*E 42 66 281 182 1.189 | 1.073 | 349 438 | 0.509 | 0.618
HEE 29 42 274 174 | 0.959 | 0.871 1 1 0.000 | 0.001
IV R 24 38 184 130 1.069 | 1.058 44 68 0.028 | 0.056
KAy 29 44 583 466 1.057 | 0.991 46 67 0.010 | 0.028
137 18 27 94 59 0.718 | 0.757 170 246 | 0.024 | 0.203
RE 22 36 586 454 | 0.471 | 0.472 180 247 | 0.047 | 0.204
f 5 13 199 129 | 0.218 | 0.425 | 307 378 | 0.074 | 0.132
1k 1 4 1 1 0.031 | 0.031 | 1828 | 2031 | 0.061 | 0.174
¥ TIET 12 18 1 1 0.001 | 0.001 | 2500 | 2748 | 1.407 | 2.268
A% 7 13 1 1 0.036 | 0.036 57 203 | 0.059 | 0.086
T 4 11 1 1 0.000 | 0.000 | 651 789 0.119 | 0.249
AY7 3 7 2162 | 1970 | 1.270 | 1561 | 213 307 | 0.056 | 0.066

¥ 2°CF1) A (>50%HEER)

2DSDIHZE
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« RELAZYTHICETIIMELTWAEEEEDEEER (L. F2EBREETHREL-. &K
ETIVDEARSIZKBIT4—F/\WIZZERLEWVES . D FVAICELT —FELEETE

s ZEMEOEERIL., 2020F (CHE O F V(I ARBREEDEEFZITTELRAALLER
(X, BN DTHEEE HMTMENEIETSEEE).
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BEEEHIX FOBERE : /MER

[REOEMBES T A]
| 2015 ] 2020 | 2030 | 2050 __

EXRBRNAREEE 170 170 180 185
NATY)YRE(HYYY) 210 209 202 201

FSH AL N(TyFE
(FIU) 270 248 219 210

MEREEIE(BEV) 311 305 265 225
M Eth BEIE (FCEV) 598 514 388 244

Efi) AA/E

[BEEEEIEEMNIFTUFA] EVOI R MEFME
(N 97Y-3Ab : 20304F : 1FA/KWh, 20504 : 5FMH/KWh{EX)

| 2015 2020 2030 2050
EFRBRNREEE 170 170 180 185

INTYYRE(HYY) 210 208 201 201

T35 L4 nNALTYyRE
(FIUS) 270 244 210 205

MESBEIE (BEV) 311 285 210 205

A Eith BBIE (FCEV) 598 412 244 205
B FAE
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BEEERIX FOETE : KEIFER

[REOEMBES T A]
| 2015 ] 2020 | 2030 | 2050 __

EXRBEARBEE 370 370 380 385
NATY)YRE(HYYY) 418 415 404 402

FSH AL N(TyFE
(FIU) 521 482 429 414

MESBEE(BEV) 622 550 490 430
M Eth BEIE (FCEV) 1046 902 682 467

Efi) AA/E

[BEEEEIEEMNIFTUFA] EVOI R MEFME
(N 97Y-3Ab : 20304F : 1FA/KWh, 20504 : 5FMH/KWh{EX)

| 2015 2020 2030 2050
EFRBRNREEE 370 370 380 385

INTYYRE(HYY) 418 415 392 391
TS5HALNATYyRE

FHIU) 521 471 404 397
MESBHE(BEV) 622 520 407 400

A Eith BBIE (FCEV) 1046 748 467 402
B FAE
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[HH #2] Masanet et al., “Recalibrating global data center energy-use estimates”, Science (2020)

Historical energy usage and projected energy usage under doubled computing demand

Doubled demand (relative to 2018) reflects current efficiency trends continuing alongside predicted growth in compute instances.

Major end-use category Data center type Data center region
Global data center @ Servers @ Storage @ Traditional Hyperscale @ Asia Pacific @ CEE, LA, and MEA
compute instances Network  Infrastructure Cloud (nonhyperscale) North America © Western Europe

| I
os [ o

demand
| | | | | | | | |

0 200 400 600 800 1000 O 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Global compute instances (millions) Electricity use (TWh/year) Electricity use (TWh/year) Electricity use (TWh/year)

2010 '

CEE, LA, and MEA, Central and Eastern Europe, Latin America, and Middle East and Africa; TWh, terrawatt-hour.

« HRDT—E2E E3—DEHEEEIL20104FIZ194TWhTHY .. 2018£E(Z(F205TWh (HH R 2E
DEHHEEDH1%) [TEMLT-LHST, RFHOHE AV X2 X([E+550%I27E-T=DIZx L .
BHHEEEIL+6%,

s IRIF—MERLEODTLHERAE, H—/\—FEL, RBY—/IN—t. ARFL—DFS54T5E(E
"BREIL. T2 3—MVI75DHEE., Y—IN—24TDEL

« MEXFTIET—2EUA—ICLHENEBDOEMIISIZTE RSN EHETESN LA, [F3EKICH
[+ T, BUEE#HB) ., FIRBETADLANBRE., 2MNET—IMB-ETIVVJTBEDDEA, LLvof-
BERMEEDTHLEEICLSESATINVS,
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[H #2] M. Koot & F. Wijnhoven, “Usage impact on data center electricity needs: A system dynamic forecasting model”, Applied Energy (2021)
Scenario O: Baseline

1000

900

800

700

600

500

400

300

Annual electricity consumption (TWh)

200

Data center energy consumption per year
Sensitivity analysis (10,000 replications) - Scenario 0: Baseline model

100

0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Year

Masanet et al. TlE, T—2t>242—D 4}
TWELIRILF¥—(“user-to-data
center” and “data center-to-data center”
IP traffic) #& ATULVEL W EHIEREL TULS

99% Confidence interval
95% confidence interval
75% confidence interval
—@— Simulation results - Median
@ Masanet et al. (2020) - incl. traffic
~—i— Andrae et al. (2020) - expected

—&— Andrae et al. (2020) - best

Sensitivity analysis for all data center electricity forecasts.

Data center Scenario 0: Scenario 1: Scenario ( All |

electricity Baseline Moore’s 2: IloT scenarios

consumption law I combined I A—70)5£§'J$§E &

(TWh) I I loTIEDIVE R—

Number of 10,000 10,000 10000 110000 1 23V FIVFDET
replications I 1 AiAdIalb—3ay

95% Lower bound 266.75 326.22 322.86 | 343.25 | ﬂl: %

Median 334.26 445.03 382.00 565.87

95% Upper bound 421.59 712.63 489.17 \ 1031.27 )
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Masanet et al., ¥ Koot et al., Base

g4 DE

Rlle

T IVETE LR

Koot et al., Combined scenario

scenarioMIFUA (median) <3 V)7
Bir—2AR ‘AL 7r—R
R =P R =P
20164 286 TWhlyr 21 TWh/yr 286 TWh/yr 21 TWh/yr
(EBNHEE) (25,000 TWhi/yr) (1,050 TWhyr)
F—ata—5 1.15% 2% (F8%E) 2% (F87E)
20304 (+0.8 %lyr) (+4.9 %lyr)
321 TWhlyr 24 TWh/yr 566 TWh/yr 42 TWhlyr
20504 FERE-F FERE-F
(+0.8 %lyr) (+4.9 %lyr)
377 TWhlyr 28 TWh/yr 1497 TWhlyr 110 TWhl/yr

X P T—ARFELAREZBNT—ADFHEEE

e W/V
B —XT NEAHAEE:+83 TWhiyr

———————————————————————————————————————————————————————————————————

[8%] JST (2022) LCS-FY2021-PP-01 [Z§ 115 #EET

Optimisticr—2X Modestsr—X
5 =N R B A
20304F 190 TWh/yr 6 TWhiyr 670 TWhiyr 24 TWhiyr
20504 3000 TWh/yr 110 TWhlyr 16000 TWh/yr 500 TWh/yr
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#8 ICTAVISOHEEENTA
Japan Worldwide

2018 2030 2050 2018 2030 2050
Core/Metro Traffic EB/Y 106 1,900 | 223,000 2,400 39,000 | 4,640,000
Radio access Traffic EB/Y 10 200 21,000 264 6,000 | 714,000
Power consumption of As is TWh 37 190 21,000 570 5,000 | 650,000
ICT infrastructure Modest TWh 37 44 1,100 570 1,300 30,000
Optimistic JTWh 37 13 200 570 400 6,000
Power consumption of As is TWh 14 90 12,000 180 2,600 | 390,000
Datacenter Modest |TWh 14 24 500 180 670 16,000
e . . . b SPAIMUStiC_ ITWH | 14 6 110 180 190 3,000
Power consumption of As is TWh 23 100 8,800 390 2,400 | 260,000
s 17— ';'"}1’33’7‘ I|Network Modest |TWh 23l 20 600 390 640 14,000
|Q Optimistic JTWh 23 7 100 390 170 3,000

J::: » — M
) IST (2023) *YEI—URE £6 ERTIERARRY FI—JHBEENTA
Japan

Year 2018 2030 2030 2030 2050 2050 2050
As is Modest |Optimistic] Asis Modest |Optimistic
Radio access traffic EB/Y 10.0 200 200 200 | 21,000 | 21,000 | 21,000
Power consumtion of access network TWh 18.0 80 20 5 7,000 440 90
Power consumtion of wired access network |TWh 25 S 0 0 4 0 0
QueLrcansumtion.of sirgless accessnebwQrkl IWE . e s s mmt 75 17 5 7,040 440 90
iﬁ% #"V U TEHEE_I % Power consumtion of base station TWh 12 71 16 4 7,000 340 70
YPower consumpion of base station hardware |TWh | 12 71 41 18| 7.000| 1,700 700
JSTM2030FE DEFEMM L. BT RD | [Hardware Packet processor |TWh 1.2 7 2 1 700 40 7
HEREEZAKECRAATBY. BHEE Power amplifier | TWh 8.3 50 35 15| 4,900| 1,500 700
ROEREHELTNBECDEH Optics T t2] 7] 2] 4] wo] wf @7
Tﬁﬁﬁtﬁ;ﬁbb\iﬁs J:UE%EG)ZO5O Others TWh 1.2 7 2 1 700 70 7
< = X I= Assumed power Packet processor 1 0.3 0.10 1 0.05 0.01
ETE% &a;- J S;;C ‘i * JE{H %JV U 7 consumption efficiency |Power amplifier 1 0.7 0.30 1 0.30 0.15
Eﬂﬂ%@ﬁa ﬁgwﬁnjﬁ“ zhn Optics 1 0.3 0.15 1 0.10 0.01
ﬂi"-s *‘yFU_a%ﬁ%gwﬁ;U&u Others 1 0.3 0.15 1 0.10 0.01
HREFVEHEEIL TS, System architecture 1 04| 020 1 020] 0.10




[&5]

HADITERENDENTEE (RFLES

[ =
Reseorch Institute of Innovative
Technelagy fer the Earth

26

H #) Schneider Electric, Digital economy and climate impact (2021)

| BEFTITEMBFEREZLOELI-EEDHEMHLGEER

Electricity demand IT (TWh) T
Compute 114
FT—At>5—BgE Storage 16 [3.9]4 18 108
DC infrastructures 179 209 242 280
Fixed networks e 160 211 239
2RI —HF Dt - Mobile networks 181831 7 Z i /5% 84 [1.0] 87 135 409
Bl R vk —>4hx IT devices use PC, AR, ATV mEKZE 195 178 171 144
\* Network equipment use 83 117—3.2] 143 229
iiﬂfggi{gégg)f;n /2 10T devices use RAYFUTNT wifil—4—% 30 70 98 290
ELTHDEHERERNTEEX TVs and peripherals use TV, TV D#88% 498 456 433 387
Bl ¥ b b Device manufacturing 509 527[6.1] 577 759
Total 1,782 1,935 2,198 3177

—EISTD/IN IS —EDEFZRA T BRI H

Sh T %,

v RN LRBHARED BEXYIVTEMBRELEL, TOMRIET—IDORBETORFEDLRIFE, 1:3
BELHHSIN TS, USTIK, 1:1MBELLSTEY .. DLEEXFYITERBOFTELENTD)
vV AXETH, BEXVYITEMBOBENTEDMRUSL., T, ROFI—IBHFEOHULYHLKREL LHEE
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o EUYDHTRYNITI—IFTERNDNDZ)—IE XRBTRE>TOWTTHARBRGEIADH S,

KOG TIE, LTOLSICESL,. EREEZEEL .

o BEXVITZTEMBOBHAZTEDMHUMN., ZOMDEEFERYFNI—VEEZFTEDBULYEKREL
ERMBEEINTWNS=8. ThEzRBELT-,

HA#

12 TWhlyr

g
(20204F)

ZOHMITEBERE(PC. AR, 2TLY TVE :
\EATZEED DRE]

BIEEMBHTE

R—=RZAUHND
A TIER RS
(2 &> TIlH& & 1%
(-0.3) IZHEL VERR

b FIF RTRSAY

"R

- - - 20504F : 46 TWh/jr
5 OVAMZ R el )
21 TWhlyr i 1A R
\ ‘ 20404F : 45 TWh/
ISTD/INYF)—24kB 20504F : 62 TWh/
T—AtE—F
23 TWhiyr /
ISTD/IND A1) —[ZkB 20404 :46 TWh/yr
YR —HEE 20504F: 63 TWh/r
24 TWhIYr — lysT 8451 —I12k 5

REILF)T RTRS1Y

B A AR S D=

[CEHBEEMBFE

X ENEOFRDENE
20205 R CHEIELTLVS,

2040/20504F
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LIS ETRBZRICHERICR>THS, AQKFELLTE— ASEYVEEERIEMT IS H L6 AORED
DFEEITARMICIZTERELTLVEL,
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o BBMOBHEZEICTOVLT, EICUTOERANERSINTINS,

o EXWPIC, BELECOMIR(ICK->TELSRFRME) DT EFSEMLEXEELT
ETILAREMICEMZRIRL, BRELT. EHFEER. BREEVSRESIS,

D BEFETOLRIZEITHCOERNICETIBENEEENORE

@ 295y T -BIFOEK: COHFIHNEELIED L., BIF-EIFE=>XI5yT#%- B
EICRESENICGERNABEOCIRY,. EHEEENBARLES, L. RISV THD
HEE GBEDBDOERBREICEKTE) ICHHNDH S,

@ KFEEEET (DR -BFDOEK: RISy T#-BIFETIX, RISVTR#ED A HIFAS
ERBEOBEEFHMNEET B, KEDRI-BIFTIX. FOHHNFIXELS, BIF -8
FEIMNSDERIICKY ., BIRICEABNEENEXR . TH. KERETELENFTENEX
THRAHEMELH DM, ETILOHERTIEIBAKKROANBESENIZLHYDIL, KFE
HEDT-OOEARNDEAFTERLITHYIZLY,

KEDRIX, KREIZIIBFHRIESATELST . FEERLAKREZV . BREDIASVS,
T . BROU—FE/ LEDFHEEELESEO ., BELECOHHTTOERAR/IME
DELLSZ, KFEDRI(-EBIF) O XHHSFIAEEREL-,

BERMYIZIK, ET LS ORBERE TIE20504F A0WEEFIZIE. BIF T RTHAKEDRIIC
T 5 ENBESBNLEMRELT>TWS (BEL) =8, PEIELTEDS0%, ERIELT
25%F TR TES, LT AL KHE#HEETE

@ BZRHEOBRE:BIF7O0EATE,. TRLX—PENBOHTELEIDS, BREHELT
RFANEEADB TN TS, thh, CO2HEHFIHMNELLEDE,. D, Q. DDFEREL
T. BRENBRHTHAREMELHS.
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Shd,

[EAVR])
o WREERHR (AR = XARH X = e-methane#i &)
¢ CCS

[#g-/%LF]

o WRMESHL (AR = REHR =2 (AR -FUEZF -e-methane-BREGE)

[{EZ:- 7 =7 RE]

o ERHR = e-methaneBRLE

[{t2:TFL> . TAELY . BTXEE]

o Al = KARHR =D FPUE=F -e-methane-BRLGE

[ZDfhER (TRFFORTE)]

Rlle

o BiiZEBALITFTEHEMLTL AL, P00 IRIILXF—FEELLT. Al = XA
HR =2 NAARR-KF-TUEZT7 e-methane-BR FADER
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Al-Mm<F1ZA (AZ 20504F A 90%+ 1R 2°C B E)

Al-MmMIF)FDIGEE

DNE21+ET JUIC KB CO2R FHlR & A (Bt R il+) #E5t

20404 20504
=[N 270 577
KE 204 276
EEd 281 304
EU 236 264
ZDith 74 163

B {51 : USD/tCO2
) —E0ER#ER TR

¥

EXDE

EApsE. A2

HRIRILX—EFETILDEARSIZLDHEF
(AL-Mm(f)>+Y) 4 DDNE21+ET L DRTIRE )
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X Jiffiofﬁ?ﬁf%rg 20405 20504
7 1) A9% A13%
[#=2 A7% A13%
ZEXTR(EAVIE) A1% A3%
EHRERE A2% A3%
AN A% A6%
GDP A3% A5%
gkt MMAESE (B F)

HaEE 0.92 0.95

RERMEIEZEEZRE 0.84 0.82
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Blue area shows pathways
limiting global temperature

increase to below 2°C with 2°C
about 66% chance

40

Green area shows pathways
limiting global temperature
increase to below 1.5°C with
a 50% chance by 2100 and

minimum 33% likelihood over
30 | the course of the century
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Median estimate of level consiste
with 1.5°C: 33 GICO.e (range: 26

\_range
20 \ T T
2015 2020 2025 2030

i #1) UNEP, Emissions Gap Report 2023

|
2035

.. Current policies scenario
.. Unconditional NDC scenario

v EKAHTE. \VhERHABE2C, 1.5°C%
ArREL=HEH BIR B EZ2EE L=, 2°C,
15°CHELDOFTEMMNRKELNEIC BEMN
WHE

v HEELEAARD20504ECN., HLLIE. A0%
BE(WFhHLGHGHHER®) (X, thE L
DCO2RREIBERLEDEEREDRLED
T.EROBRHBINKRENEICHENDE

CO; emissions and
2100 temperature rise

All further temperature rises carry risks:
those in the STEPS would risk particularly
extreme consequences for global
ecosystems and human well-being.

rice!

Hist?

Median surface
temperature

STEPS: RBEEIFVF
APS:Announced Pledges Scenario
NZE:Net Zero Emissions by 2050

H §8) IEA, World Energy Outlook 2023
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IRILF—DRATLA

COfR Rl E A EHRAEH
~ : [US$/tCO2) ARMES [US$IMWh]2
FF 4 BEH AR FIA [billion US$/yr]™

20404 20504F 20404 20504 | 20404 | 20504
AO-Mm | [0. 5B HEH &1l 4%) — — — — 123 104
A1-Mm(f) 271 574 [+79] [+143] 199 205
ALMM | 1) cnpes g U] 270 579 [+85] [+155] 199 205
HRLET2CEE. BE
A1-Mh [XNDC+20504F A90%, & 240 564 [+61] [+132] 197 202
BT R
Al-Hm 303 523 [+99] [+162] 207 198
Al-Lm 257 603 [+77] [+150] 197 204
[2. AKX HHEIRS FUF]
B2-Mm | #tR£4TL5°CE#E. B 512 992 [+169] [+308] 255 235
A[ENDC+20504ECN
[3. R FUF]
A3Mm | G ey 77 188 [+20] [+43] 161 171
ERYE)

1 [[(FF) ER—=RFAUMBDIARMER,
2 FEIHTORRER, I-1-L. REKESERIZET . 20200 ET /LSO EHRRER(X123 US$/MWh
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BE R RM% (RARBER)

USD (2022, MER) per tonne of CO2 2030 2040 2050

Stated Policies Scenario

Canada 130 150 155
Chile and Colombia 13 21 29
China 28 43 53
European Union 120 129 135
Korea 42 67 89
Announced Pledges Scenario

Advanced economies with net zero emissions pledges® 135 175 200
ek s amssons pledgene om0 e
Other emerging market and developing economies - 17 a7
Net Zero Emissions by 2050 Scenario

Advanced economies with net zero emissions pledges 140 205 250
Emerging market and developing economies with

net zero emissions pledges 0 160 200
S emersne o kg conanie: 5w w
Other emerging market and developing economies 15 35 55

1) IEA NZEDF)F Dk FMIEEEIL., IPCCTIEL
INEXNT=1.5COF)A D RFME (FRFREIRER) &
DB THEYRMTHIZEICBELADE
E2)2MRICIEA NZESFUA L, IPCCTIESINE SN
oFI)AEEBLT,. BIR+BIL(EYDIFBEV)IC
MEYF->TWBIFIUATHAZEIZIETBENRE

F| R T RILT—HEBHIEA World Energy Outlook 2023 ==

[ =
Reseorch Institute of Innovative
I the Earth

68

v STEPS (Stated Policies Scenario) REELNTLNVS
BRZERTAHVTIA

v APS (Announced Pledges Scenario) & EBRFFA
ERLTLWAIRILFT— KRSV AVRBEE(RYE
O, IRILF—TIOERGE)NETEHAYEASINDS

vFuA

v'NZE (Net Zero Emissions by 2050) Scenario 1.5°C
ZERL. FELGIRILE—EEDSDGSEERKT S
REHSFIF

25000

FEREEDENHEEDREL

20000

15000

REMELEFRICKIBILREDE

1

10000

Final energy consumption of electricity
(TWhlyr)

5000

- Stated Policies Scenario
—Announced Pledges Scenario
—Net Zero Emissions by 2050 Scenario

2010

2020 2030 2040 2050



IEA World Energy Outlook 2023 : BARDREL

Final energy consumption of electricity

(TWhlyr)

1400

BRREHHEHEERE
1200 CO2TA97%
1000 \ /
CO2T A64%
800
600 | |EA APSI&. STEPSIZHAR2050& 230 TWhiZED
BEHHEBEEDHEKREZRAATEY., TOMN, 200 TWh
400 | mEREkEERmMIcHTIRK,
RITEQSEDHHFUAELTIE, HEBETRSE.
200 | STEPSIZA3L FUAMREBIRES . APSIZALLFUA
0 HEEE ALY,
2010 2020 2030 2040 2050

- Stated Policies Scenario

Final energy consumption of electricity

(TWhiyr)

- Announced Pledges Scenario

600 E%
500 /
400
S~
300
APS&ESTEPS (HEHHHIBREEE) D= (X EXBATIE
200 | k& EFHBENTLVD, RITEQ S 4T CHEE SRR
BTHHHHEIBEREDBEVICEZEBIEENAKEL,
100 | IEALEEAM, I-IEL. IEADF D, KY—BELEHL
HERTHERELEOTINVS,
0
2010 2020 2030 2040 2050

—Stated Policies Scenario ===Announced Pledges Scenario

Final energy consumption of electricity

Final energy consumption of electricity

(TWhyr)

(TWhlyr)

[ =
Reseorch Institute of Innovative
Technelagy fer the Earth

¥ BARZEHREEDNZESFIADIRFRIEAL

700 R&E(BUuitdng) |
600 [~~~ —
400
300 | APSESTEPS (HEHHBIEMEE) DEIEBuildingTlE
o | HBEVNEC ELD, APSOAMEA BB BAIE
W, RITEO A CIERAEEFATOHOHHAIFEED
100 | ERENEESTHY (BIEAKREVELBALAE
W), BT ER
0
2010 2020 2030 2040 2050

— Stated Policies Scenario

- Announced Pledges Scenario

180 Bk
0 N EAR B EYBEVIE AR RATINS,

140 [RITED S #iiE. APSTIEA K., STEPSIZ

120 L, LWL, IPCCHZLDUF AL,

RITESHIOESEIIELY,

100

80

60

40

20

0

2010 2020 2030 2040 2050

—Stated Policies Scenario

- Announced Pledges Scenario



% of final energy

"

100

~
Ul

N
(O]

IPCCEORFEHMMESZICHITH 7 1) A

2030

B4 (Building)

RITESESHFIA
20504 61~81%

2050

% of final energy

2100
60

RITES B F+)F
20504F 23~31%

B
o

[
o

el

2030

R

Rlle

L

N E R
B R#EH

100 Ex

Category

EI C1: limit

warmlng to
1.5°C (>50%)
with no or
limited
overshoot

~
(O]

=)

C2: return
warming to
1.5°C (>50%)
after a high
overshoot

C3: limit

% of final energy
Ul
[a»]

No
(O]

RITES RIS #HF)F

20504 28~37% : o
0 warming to 2°C

=]
(>67%)

E C4: limit

warming to 2°C
(>50%)

EI C5: limit

warming to
2.5°C (>50%)

B3 c6: limit
warming to 3°C
(>50%)

C7: limit
warming to 4°C
(>50%)

- C8: exceed
warming of 4°C
(250%)

2030 2050 2100

2050 2100



4. FEOH




F& R@
72

FEIARFI T, 2EDGDOPUFHI) A +3BHEHOHH AR BT FIVFOHEHREZR R,
FHIARTOERMEFE, Bib. ETRBEDERZHATRLE,

SEHOFARRHAETE, T2 54— RV —0- L BARRERTERLE DT HERENKE.
B AR FRIORIEICHESERTOERQERICHSIIRIILF—FELEL., -, HBIE
DELEICERZYUT, ENOTHERIEICETIRESMERE

WTFHICLTH, ETILZRAWNT, SEHMAME. REER., TRIILX—E#G-FER/. B,
BRELZEICENT.,. IRILX—ELHEROEHESHEZR-T-2HTEL TV, THbHE.,
RBRLTWALFIFART,. BEXRBOBEAEUZALTHEY ., BRGSO FTIATERESL
BERIIRYHELTEDOHEEEER < ICEBRT S LB T,

BE. —EDFHREFHED T TCORBFEIZEICCETILHRETHY . AEFHDELIZLD
T.HEZHADIETEETSAD T, EOIRYFEWLICITZEEINWL, >FIVF0HIE
BHLTTRATEILZO . BFZDLOLYEL,. TRILXF—RATLERTOEESHEDT T,
gw%f}giﬁiﬁI:J:o'ct‘“aﬁirs'{0)¢E'@%Ebfﬁ1tﬂ'édm\0)ﬂﬁzl:&:‘zté:thﬁ‘
F-. SERTOIFIAZH T, NUBERMBEED2°C, 1L5°CEEREDERZHRE
L.E=. KEB2DLFI)AT, BERIZ2050F A0% (+AHEIZHCTENILOYNEER
LTCN)HLLIZERN DA THOCNERIIRELTWLNS, LML ENS, BT T, HRDEEH
ElTFLERLTEY., EEICRHEEINTLVA2030FENDCS NI RTERSN=ELTH,
2°C. 1L5°COHHBREIREEX vy ThHEESNTHEY., H5FE., BELBEHEIE
BEDQDTTORTELGE>THEY . BELEOX v II—ERBERRBLT. >FIAoMER
RMITBHELFEELEADND,



RE-ANEEETOEVEE~DL IR FRIZHES R
ENEENHEADEL 7

DNE21+ETITlI. BEIEEE[E. IRILX—FHEEELLT, thEEs
HfETEPHIELTHILTILNS,

RIFEZEIC, BEIHEEXTDBEXTIRE, thF. ETIILTREEILEEHERLE
LT. BEIEDEFEHERK (ICEV, HEV, PHEV, BEVE) NEEIh TL\S,

ENTNDOHFERTEHICHLT. TR ENOERREICETESIIRILT—
REMZEFRLT. EVREAEANDIIMIAES ENRBEBEZTHE I HLE—I
A (ETILNOESENSE., RAIMICEIIREENDELLEIN, —ED
HDIT4—F /Ny THBRIE T HEMNTRER)

L, BREREE. ERFELTTEEL, #RFEICHIETHELELTD
O HREEOHERTOERBREZA—RICLEANZAELAEL,
b5, EROELMELFCZOM, HRLLGERICE>T, EEEOERREE
HEBFIRG-TAHEEFZDN . BEEEIIKREE M

L1=h>T. SEIORFETII, KHEEIXRRLEL, 5lEHEE. BREL=LY,



{F§%1 : DNE21+ETILIZE [+ 5 8K 80 & T
DETILIE



DNE21+ETILIZE TS FER P D

R REEERIE/ AT BE/CCS DRIFR. |/A - BRI RLF—8 (FHEALY)

% i 28 72

[ =
Reseorch Institute of Innovative
Technelagy fer the Earth

75
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Flue
gas Nagt:;a' Process gas system Iron oxide
Process gas Top gas
scrubber

compressor

Shaft furnace

Reforme Fuel

Main air  Reducing gas gas
blower

Reduction & Carburizing
Fe,0;+3CO0—2Fe+3CO,
Fe,0;+3H,—2Fe+3H,0
3Fe+CH,—Fe;C+2H,

Natural
Gas+02

Hot transport

Natural

Ejector Feed gas
stack

Heat recovery
Combustion air

Briquetter

f

DRI LT
storage  HBI storage

J. Kopfle et al. Millenium Steel 2007, p.19

Reforming reaction
CH,4+C0O,—2C0O+2H,
CHa+H,0—CO+3H,

DRI
cooler

Electric arc
furnace

Hot transport vessel
HOTLINK®

KEZFALE-ERETHRDORIETSV DA

P TS

MIDREX® Plant in Hamburg, Germany to demonstrate the large-scale production and use of

Direct Reduced Iron (DRI) made with 100% hydrogen as the reductant. Photo: ArcelorMittal

https://www.midrex.com/
https://www.kobelco.co.jp/releases/1201993 15541.html
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HAIRILXF—EFTETILDEARS

(Dynamic Energy-economic Analysis model with multi-Regions and multi-Sectors)
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* T.Homma & K. Akimoto(2013),” Analysis of Japan's energy and environment strategy after the Fukushima nuclear plant accident “, Energy

Policy 62, 1216-1225
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