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Table 7.8 ~ Refining capacity and runs by reglon and scenario (mb/d)

Refining capacity Rafinery rum
STEPS APS STEPS
0% 2 W 2 N0 030 0%
North America ns 11 208 01 11 1746 185 181 185 75
Evrope 158 145 1513 140 L X 120 114 %4 102 19
Asia Pacific 71 40.3 415 194 2812 202 331 W 305 189
| § Koe v P . g g y - i &1
4 | 19 A3 4

54 3 ip t (

JINe#st Asle 5 5 68 g (% * sa 51 47
Middle East 96 12 120 110 27 76 96 106 85 66
Russia 69 65 63 61 46 56 40 s i6 14
Africn 14 as as 42 4l 8 31 9 7 i6
Brani 2 23 3 20 16 18 21 3 17 12
Other 4E 45 48 47 42 23 9 as 28 16
;V;)"d 1002 lL"f-A.‘ ll)!\—l [ 100LS YUT n, l;.lrl .5"— ;u 5 LTI
Atlantic Basin 541 536 522 10 15 40.9 419 404 73 201
Exst of Suez 471 518 536 sas 31 70 429 458 391 256

Note: Capacity at risk can be found In the online Annex,

HFT : World Energy Outlook 2022 (IEA)
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Table 7.7 World liquids demand by scenario (mb/d)

Totel Haoids 0% 367 1058 1073 167 88,7 B28 4.6
Biotuels 20 22 LR ) 46 L ) 55 L e2
Low -emissions hydrogen-based fuels o0 0o 0o 01 0.2 02 1.2 32
Totsi ofl a9 S45 1024 1028 3021 830 2.9 $7.2
— et
ide o : 8 9 04

Ol products "7 924 1008 1041 1005 oLe 7L $6.7
PG and ethane 193 186 156 163 158 144 124 104
Naphtha 64 69 2.7 L6 vs 7.2 7.4 74
Gasoline 219 238 232 214 153 206 131 52
Kerosene 47 57 .2 102 118 87 s0 76
Diesel %0 PR a2 84 anz2 %0 i8> 126
Fuel od 8.7 59 55 56 63 sa 34 2s
Other products 101 106 114 108 o6 108 o 20
'WNDMMDM NGLs l’l‘ . ] —i;;— l!l 121 li.l I l‘i 7 101 L .
Refinery products 758 813 87.4 8%0 889 789 61.8 479
Aefimery marhet shere s 4% . y

Notes: CTL » coalto-Nauids; GTL » gas-to-Bguids, NGLs » naturel ges iguids, LFG » liguefied petroleum gas.
Sex Annex C for definitions,

HT : World Energy Outlook 2022 (IEA)

AWM STEEORCKZ T & T 5 PRI Z2B0RE I8 A, A R Ok & W7
& RIS S BT bRk TlEE 0 o7, — T, BT EEEER L,
TN ok 2 B X 8 2022 FRIZIZEMRIL L TE T 5, Ak IEA I2L 5" World
Energy Outlook 2022”7 [Z38W\TiX, 7o AR BEEIL ST BE 3 2 BLIRE L ONEIEHE
EREOTEY, FRCHAERRET + —BLOAEEICE L TE, BUEL MR LEMETOFE
HRfAl T & 2 SIS ER & 2o T D,
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Figure 7.19

Bllon ¥res par year

blodiesel and bioje! fuels by company type
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HIAT : World Energy Outlook 2022 (IEA)
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UL EE T, BRAEEMO AL TFSR~DY T N lhkAx 27T AT K DAk &

M->Tkb, PEPEE, A Felziibl
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LR 54 il C o> S AT fin (2

#2.2.3 RUHPTHERHA IS

BN A=D

I N T NS AR ES

Vxl NO—FlERT,

sl T ey b

EEMPRIRIRCE IESH/ 0D TI NS

A =B/ NN

e S/ COURED | mg (wmm/mim) B
(Bbdp)
Neste Porvoo 20.6 D (200-40075 h>/%F) 2023
bp Lingen 9.2 SAF 2020
Cresta Funds Management | Braya (IH:Come By Chance) 13 (fB1k) RD,SAF (18FBPD) 2022
Imperial Oil Strathcona 18.6 RDZ (3.11&A0/%) 2024
IR FCL Co-op (Regina, Sask) 13 RD (15FBPD) 2027
Phillips66 Rodeo (San Francisco) 12 RD%Z (8EHD>/5) 2024
Marathon Petroleum Martines 16.1 (f21kb) RD% (7.3(BHO>/%) 2023
tE Zhenhai Refining & Chemical Co. ATAERET 46.2 SAF (105 b>/4F) 2022
ARRST Pertamina Cilacap / Dumai 34.8/11.8 RD% (3FBPD / 1FBPD) 2026
R1Y Klesch Heide 9 e-X9)=)/7Zhb, SAF, K3k 2023-28
R1Y Shell Rheinland 33.6 JAALNG/ AR/ TZh) . KER 2023-25
IRHEARTRAR AR ISR TotalEnergies La Mede / Grandpuits 15.3/10.1 (f%1) HVO,%V->7k3k 2019-24
#5249 Shell Pernis 2.1 HEFA,J\)—>7K3& 2024-25
A-Z5U7 bp Kwinana 13.8 (f2Lk) RD/SAF, X%&/7>EZT 2025
R=3UR PKN Orlen Plock / Gdansk 21/33 ALI1>E
291-7> Bolealis Stenungsund = ALI1>F
B3 TR BE S-0il Onsan G&LL) 67 IFL>. JOELYE 2026
ElbFaTOS TN hE FERHLERIEAT Guangxi Refinery (&) 20.% IFLY (120Rh/5) & 2025
E PEEHLERIEAT Jiayang Complex (i8F3h) 40 (3E%) IFL> (120BhV/%) & 2022-25
1R 10CL Panipat, Haryana 32.5 PP, ) AARE
HOSTIET Saudi Aramco Al-Jubail 30.5 IFL> (165Bh2/%) & 2027
T Postlane Fredericia 6.8 J->k%& & 2022-30
K& KE CVR Energy Coffeyville 12.9 J)—7K&,CCS 2021
YRR T Pertamina Cilacap 34.8 V-5-%B,1)->k%k 2024
E3E| Phillips 66 Humber 22.1 (FCCh5MCO2[E14R) 2027
IVI1— Equinor (Mongstad) Mongstad 20.3 (CO2[ENRNDZEEE) 2023
CO%Zj)ﬁﬂféO@zll;M;;US KE Shell Motiva, Texas 60.8 (Electric Heat Tracing)
KE Phillips66 Sweeny 26 (NGLYBBHEESILER) 2022
1VRRS7 Pertamina Balikpapan 24.7 OKREBNSOCO2[EUR) RE
BRI OREHPT Ol EF O BARRINAIL, 2. 2. 1TBXU2. 2. 2|2 #,
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2. 2. 1 KEBGMETEOBLRFEL, S PTis i o R

(1) WHACHRIARREHGE B R A~ DR 2R 5L 5]

DA RO E i3 ~ DO RERIREHRFHUHON T, FIRAR E2 L, B #E
OTHET D,

FHEHICE P WVTIRRDZ 0D, EOr—R2BWTH, UROZ LEARANLEED
FRBENE DB CRRE BN e STV D, R LT T D 5 DICKAITHZ &M TE
Hl= R EDOT T, XA AV 77 A4FV—& LTEHEZR

B - HEEZFITEAL T, AU 77 AF U —|THaHh

BEAFE R D BT OE A A 72 YR AR B i | s 4

ERICEED X, o AREHRLEEE & 2 R

BERART VX —2HO0EM L, RS ET 2 iR

©® 0o E

<HFTRREDTT, "MFVT774F YV —L LTHHEE>
E4 : T4
123 : Cresta Fund Management
fUMAT - Braya Renewable Fuels (IH Come by Chance, 13 75 BPD)
TEAE 1973 4 HERAR
1976 4 : RREHE
1980 #-~2020 4F : Petro Canada, Vitol fllDk 4 22 {E3EMN R~ |2 EH UL
2021 4 : Cresta Fund Management 7%, B34 R[HERE T ~Diiifiz Hi5 L T
BV, #UHAT4 % Braya Renewable Fuels (Z20FF,
2023 4% : A FTRRIREL L3 & L CHERB T
iR PR« 7K SR B :LH—f% U7 4 — (BN, KL 7% A BER S
(Z v, Wkl %
Hraxaxfif : Hydroflex (Licensor : Topsoe)
PEEHA - NLA.
JFUBE : KRG, BRIR. BER, = — i
AEPEN  BAEFRET 4 —EBE LB LW SAF (4# T 18 T BPD)
BEEFE - Phase I 2022 %&£ DT E
Phase 1T FEHIRE (24 T BPD (ZLR)
JEURFI 2 DB IR T 2 ARATI R D SRR 72 E VAT D 72 O RTVERE A 2 B7a% T 7
Bt FH « MIce-free, Deep-water DHEE
(@Easy access to a railway, highway and shipping lanes ([a]i756 : JbKH =
B L ORKIN)
AT
Braya Renewable Fuels - Energy, Oil & Gas magazine (energy-oil-gas.com)
https://energy-oil-gas.com/profiles/braya-renewable-fuels/
Newfoundland refinery to reopen as renewable facility | Global Energy

Infrastructure
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https://www.globalenergyinfrastructure.com/news/2021/12-december/come-by-

chance-refinery-to-convert-to-biofuel-refining-by-mid-2022/

HAT - FfkR— L t—

<BGR - HIEEZEZERALT. NMFYV 774 F ) —ZEHBRO>
E4 : kE
122 : Marathon Petroleum Corp.
RUHAT : Martinez refinery (IH 16.1 /5 BPD)
o 1913 4« #:2EBA4A (Tidewater Associated Oil Company)
2020 4 : #34F1L(COVID-19), FFAERRE TH~OHiRHEHE 5K
2022 4 : 7 Land Use Permit” 35 X 7" Environmental Impact Report” % Hi5t
1TEAAGE. Neste & 50:50 @ J/V” Martinez Renewables” % %37

W - e AZ — I F b, i Z— X F b, B B E . KSR CALER B LR DR 1

HBUR O BUE TR T E
FrEk Rl o JFUBRTALERRR i . BEKALERERfiF . Low-NOx BAGELRE
MR « 2888, V) KRFLALEERR . Alkylation (&, FCC., Reformer,

Delayed coker. Steam boilers
BOEAH R 1248 R (9 1,620 1)
JFOEE - RE, = —l, FERI, ERARMR
AEPESD : RD il (2022 45K : 2.6 (80 = (K 1 B 5 KD/, 2023 4K @ 7.3 = v

(#9 2.8 BH 7 kKD/AF)
BhRki4: : N.A.
BB - @ SERL 2022 FFRE T, 7S 2028 FERET
¥Fi09TE - DCalifornia’ s Low Carbon Fuel Standard (M PN E i BRE) 7> 5 @ credit
¥ X U Renewable Identification Number 7> & O UL 4§

QBEfERxAE (oA MATZYA R OfisH

AT
https!//www.marathonpetroleum.com/Newsroom/Company-News/Marathon-seeks-

permits-for-Martinez-renewable-diesel-project/
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Marathon Petroleum reiterates Martinez Renewables guidance, posts net income
of $4.5 billion | Oil & Gas Journal (ogj.com)
https://www.ogj.com/energy-transition/article/14235075/marathon-partnering-with-
neste-on-martinez-refinerytorenewables-project

Martinez Refinery Renewable Fuels Project | Contra Costa County, CA Official
Website

https://www.contracosta.ca.gov/7961/Martinez-Refinery-Renewable-Fuels-Projec

i A

HAT : FfAR— A=

<BOR - HIEZEMER LT, "MV 7 74T —ICEBHRO>
[E4 : KE
/53 : Phillips 66
HUWAT : Rodeo refinery (IH 12 77 BPD)
FRAE 0 1896 4 : #¥EBALE (Standard oil)
2020 4 : #E4F 1E(COVID-19), FAMRE TH~Ois#aitEi5 K, pipeline TR
- TU% Santa Maria BUHAT  FASH T 2 51
2022 4 : 7 Land Use Permit” 35 J 7" Environmental Impact Report” % Hiot
ITELDS KR
R PR« AR MR, KR LB E
B - JRURE D BITAVER R |
BEHE - 19 8.5 8 FL(R) 1,150 &)
JFBE - eI, BRIR. KEhfl
AEFESL : RD 38 X0 SAF(6.8 fE 4 = (2.6 H 7 kKD/AF)
A E A : HydroFlex by Topsoe for hydrocraking
R4 NA.
BB 2024 55— U=
Krst 918 « DCalifornia’ s Low Carbon Fuel Standard (MNP T FRIE) 2> 5 D credit 7> 5
eSS
QEEfFD (oY A MATZHA ) O
Q@ THEHKOMHEREDOHIE (A1.6{ET 1 (0.6 H 1 kD/AF)
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HET
Phillips 66 latest news and company stories
https://www.phillips66.com/newsroom/rodeo-renewed-right-project-at-the-right-time/
Phillips 66 Rodeo Renewed Project | Contra Costa County, CA Official Website
https://www.contracosta.ca.gov/7945/Phillips-66-Rodeo-Renewed-Project
Phillips 66 Makes Final Investment Decision to Convert San Francisco Refinery to
a Renewable Fuels Facility - Phillips 66 — PSX
https://investor.phillips66.com/financial-information/news-releases/news-release-
details/2022/Phillips-66-Makes-Final-Investment-Decision-to-Convert-San-
Francisco-Refinery-to-a-Renewable-Fuels-Facility/default.aspx
https!//www.ogj.com/refining-processing/refining/article/14276499/phillips-66-

reaches-fid-for-rodeo-refinerytorenewables-conversion

HAT : FfER— L=

<BEFFXMH D ZFALICAEAWE S B 2 R R RGBT I iR >
4 : 77 A
122 : TotalEnergies SE
HUMPT © Grandpuits refinery (IH 10.1 77 BPD)
FRAE : 1966 -« BER A
2020 NA KV T 7 A FV—INNAFTTAF Y IIFET T IV ) A 7)1
DTy 7 AT ~OHRBRGHE R
2021 47 JFUHALER S 1B
2022 4 : EPC ##y%& ¥ (Technip Energies)
s R © NLA.
Frakexl - AKERIELEE (Air Liquide 233X (&, NA A H A &R LTKFEZ A 5E)
B b E— (K 700 1R HE)
JEBE 2 40 5 b M OBER, BRIE, e (Br< o S—A0)
AEPESL - SAF(17 3 »4F), RD(12 J7 k »/4F), Renewable 77 4(5 11 bk L /4F)
A E AT Ecofining by Honeywell UOP for SAF
B4 © N.A.
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BRERE : 2024 FOTE
Fret g« (02014 £ & 2019 FFIZHAE LT, 260km DOJRIMSZ AL 7T A » DEFIC
F 2w E R GRIMED 7T0%Max [ZHIRIC L0 . @kt A3 K 2
QONRA AT FZAF v 77 MPLA % 10 17 b U/ 2024 FF) L PET" T 7 2
TV YA 7 V(2030 £2) % Pk
@ar 7Ly ATHNTIZ 28MW O KT T v N &% iE
@K 400 A4 OREEBR D 5 HHIE S D 150 44 1L FHLRI & P 8) Tl
©SARIA AS GmbH & Co.73EkfiE & BE i % fitia
AT
https://totalenergies.com/media/news/news/energy-transition-total-investing-more-
eu500-million-convert-its-grandpuits
https://www.nsenergybusiness.com/projects/grandpuits-refinery-conversion/
https://www.ogj.com/energy-transition/article/14286171/totalenergies-lets-contract-
for-grandpuits-refinerytorenewables-project
https://www.ofimagazine.com/news/totalenergies-and-saria-sign-agreement-to-
develop-sustainable-aviation-fuel-saf-at-grandpuits-refinery

httpsi//energynews.pro/en/france-totalenergies-grandpuits-refinery-will-no-longer-

E

produce-oil/

'. Belg.

&

HAT « FlfER— Lt—

<ERL LT, N1 REHRGEEE 2 R >
FSEARIN AN -
12 : Pertamina (KPI:Kilang Pertamina Internasional)
B AT : Cilacap refinery (34.8 5 BPD)
RERE 0 1974 4F - BREREAA (547 10 J7 BPD )
2021 4 : RDMP*GtEioo F, B30 i HVO Ak EPER 4
2022 4 : HVO 0 ISCC #&Gik4 B
R 0 N.A
Pkl 0 N.A
BER K2 N (270 M) For “Green Refinery project”
JFRE . o — AL BEEH
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AP« HVO (Pertamina RD), Uik 3 F BPD %3k 6 + BPD (Z4kK

A AT : Ecofining by Honeywell UOP

BhRk4s : N.A

SERCRER] (CROMPATRE DM Revamp ) : 2026 4

R - OB E OB E 2 B4 TRelkr (R R RO/ S — LM OA4 R - @HE) OFZ)

A
QFEME—DZ BRYRGMAT CFALERAETER T 27 70 b RGE) 0"
ZE&RE(L

@ H FIRMBRELD LNG Al (2 A2 — I F /LR

[Refinery Development Master Plan(RDMP*)/Grass Root Refinery (GRR)#t (]
[ PN B AT O LR RE ) D LK (100—200 77 BPD )% = HAG L LT, BEAF = HLMT
(Cilacap/Balikpapan/Balongan) D5k « 7'V — 2t (RDMP)F3 L O #Ljifi
(Tuban/Bontang) O ##% (GRR) % HEie - G,

AT

docspike.com_pertaminas-refining-development-master-plan-rdmp.pdf
Pertamina to Use Honeywell UOP Technologies
https://uop.honeywell.com/en/news-events/2020/09/pertamina-to-use-honeywell-
uop-technologies
Supporting SDGs No 13, Pertamina Renewable Diesel Products Shows
Pertamina's Global Decarbonization Implementation | Pertamina
https://www.pertamina.com/en/news-room/news-release/supporting-sdgs-no-13-
pertamina-renewable-diesel-products-shows-pertamina.s-global-decarbonization-
implementation
httpsi//tanahair.net/kpi-combines-cpo-and-used-cooking-oil-to-5050-to-increase-

green-refinery-capacity/

HAT : FfhAR—La—
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<BERBRT=XNVX—Z2HEMEA L. REARERMETICEER >
E4 : A—A T U7
2% : BPplec.
BMAT - IH Kwinana oil refinery (13.8 75 BPD)
ke - 1955 4 #a3EPR4A (Anglo-Iranian Oil. BP OHi&)
2021 4F : FEREET AL, AR A & — X VTR
2022 4 : 7' — L KFENT ~OlEHEE TR (FS H)
B =7 4 VT — (B, KpE), 704 MEERE (#v7 . Hafaki

&) &
XA - EAAAE (TBMW LA L) . /K STk fi 4
BEFE  N.A.

FORF : HRAR, BEfeil, (k%)
AEPES  RDBXWNSAF (8T 810 FBPD), KEBLVRT =T
Biplcd : FSI2 30 H5E Fv (K129 HAHM) ., FEITHRKR 70 5% RV (K 67T/EH) (7
U—rkFHE)
BB RD (2025 4R TE) . SAF CRE). KHE/T E=T (RE)
Frac g - QDo THEMA GEBL L%, B A2 b2of) ~DR5RT 78X
QBEMF DA A > 7 T 55 DR S
[Asian Renewable Energy Hub] *
#£4% : BP(Operator:40.5%),Intercontinental Energy, CWP Global and Macquarie
Capital L
i © Western Australia
AR KBGO K 26GW) 72 7 ) — &) (2 EJRUJ)+ — Z 3 EIC L 0 . Pilbara Hisiz
B DHESREZE b, o, WMABIMOE S # 2  MAREIOK, 1.6 55 F
VIEDKFEE T ET N MEOT =T RERITV, ) = KEIT =
7 e Lot A BT,
PRI - 2022 &=, Original partner T#H->7-7 > ~—72 Vestas Wind Systems (& /)% E
A =T =NV | bp BAEIFIZSHE L, FS Ak,
AT
bp welcomes federal funding for green hydrogen hub at Kwinana, Western
Australia | News and insights | Home
https!//www.bp.com/en_au/australia/home/media/press-releases/bp-welcomes-
federal-funding-for-green-hydrogen-hub-at-kwinana-western-australia.html
BP’s green transformation starts with Kwinana (afr.com)
https://www.afr.com/companies/energy/bp-s-green-transformation-starts-with-
kwinana-20220520-p5amzb
httpsi//research.csiro.au/hyresource/asian-renewable-energy-hub/
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T+ R — A

(2) BT B T ROE IR A
IR ORERY 2RI E ) b FEA N 5 BB AL, LLTO®@h Th o,
(7D EALME]

BUMATIE, Jox . B AR O AT L7cSancsrt LTl 0, g
A 2T TRFBEMADOELOFEEOE N D b, =R AT GO NT L L CTHEER
BT DIZHT- VBN S D,

[KBAALELE & Dfis H ]

BT H A THLHNA A4S ) =N GEL e E 7 2w 2 TH 5 FAME #
1E DA TR PT O BEAFEX M OTE FIZEE LS, AE MBI AR AR D K E L~
w2t A%, BT O KB RIEE ZIEHT 5 2 LRSS 78, BUhET O iR F 4]
AE AR

(#4791 Mkl

W & 2 7 RO 72 E O A T A FERIEIZ OV T, BERROBETRIST 5 2

IR, PIIREEZIMZ D Z ERHRTWD,
)58l Availability]

HEVEEY CIIRWERMAR EAFE L 750 T, EMICE 2RO b BUmPT
DI IC B W CIIEERER TH Y, TotalEnergies (ZH. 5D K 92, FEID
FEICBWTHEMOEREZEMNT 5728, FERORMZRMERN I X Lo TND,

(e % 3% D il otk A ]

wEOEERE (FID) 217725 REEZEIC L - Tk, BPrisig o FEORR
PR KOG N EE R I X TH D, KEAD Y 74V =T MR END K 9 72 credit
il £ (Low Carbon Fuel Standard)is J OVEFET 2 FEAE A RERREHC BE T~ 5 KR 72
offtake D WA L3, BRI & - TEEREDEEIL WA EL & 72> TV D,

[[ER I3 < JFURtii ]
A2 RRUTIE, AMESEAKFEOHZ BRYE LT, S&ERENAA AR
(MR D/ N— KO LR - EmE) OTEHICEH L, 2020 4 1 A LRE#EI S
A AT 4 —ENLE 30%EA LTz TB30) OFH%EFEEILLT=—7." Refinery
Development Master Plan” @ F, B30J (ZiEA3 2% HVO OENBLMT COEE %
ik LTV 5b,
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[BE72 AR R X—DIEH]

bp/Kwinana |%, jo4 ., —fB728lT Ch o723, A—A N7 U TENO AR
o T B DGR i@ 2021 FITFEMAAE 245 1 AL A I AR — LR B
SEA LENMIF MG T 2A ¥ — I FLicEEiEf Lz, FEICEEICH D8R
TRV F— ®ﬁ%@%%ﬁwkbf 2022 FE\Z bp (X, 7'V — R BRI+ —
TIE)DFEAE BfE T “Asian Renewable Energy Hub” 7' ¥ =7 hZEH,
Kwinana [ZB8 L CTHUR D 7'V — > K E OBREERLSABIZ AT 72 FS 2 38,

F—=A N7 U TBIE, TANR=—VBHEDOHT LT /L F—BUK” Powering
Australia” 2B\ T, FAEET XL F—0E &I LU GHG HllEZ B L T\ 5,
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2. 2. 2 HEBWMAEDOS I AT MR

(1) AL HSICBT 5 5% O BEREREE

S Mk D B 7 2 BRI T 8 D ZAR72 BT X, Ak 7 M A BT RkA T T Iz
LDEZHRVEK>TNDLEZA, ZOHREE LT, HROAMTY, oA v REdhD
E LT EMSHICEW T, AMMSTREOMEL B2, AL TS0 R 303 @y i
MWD ENFTFOND,

HEFIL-TOREY 7 POERE BRRE HREFHFEAEIA
2019 MAX
R(Rg)RED Z T
; ﬁﬂ EV/7 t —{0ire tex efes
B E{tﬁﬁggm —:»'4.1:‘475‘»7» SR
1gm

— s 1 Dofue

-]

2 e

§ ¥ o B
I37-LPG

million tud

i foedn e Rpy feven RK° wanl (0™
o e veris P

20 S NN N5 NN 2B Dk VE

£7) Madrid Spain, UOP seminat, Alan Gelder, Wood Hackmzi-:llgls-55§ 2021
(221 il EO P RECME R 3 X OVE LB 7 R EO R RHRME(ZE D 1)
HAT : Wood Mackenzie

Refined Products growth flat or contracting in the long run
In fong run base chemicals growth rate refative to refined products is promising

RILBMATICHBIT BT I AN 7 FET

indes of hase chemicals and refined products grewth Marhet sizes af refined product and base chemicaly
108
:-’.: fovom
Base chermials grewrg J sver
1n rate of refinedd producey LB

}al
BLHUIRED E.
R
BARRO2AEL E

®
N M5 W0 MBI XN AB N0 S 0N

210 piti]

——De chersoal —frdned (1003 LEC LR w30 Owoncan
S MVt B+ 3 - o e S 1 e " e

HFR) Energy Transition Impact on Refinery and Petrochemical Industry, IHS, 17 November, Elite

X 2.2.2 AL FE B E o R HIREME A S X OV REEN 7 REO R EHEE(E O 2)
HiAT : IHS

20



HROBMEXAE HRAREORT=20196MAX HRFRHRELEERH  ALRRAFEOFH

Cowd-19 Impact & Recover ~ -
18 Impact v (2019~30%) ‘ >
Crude and Products Demand Recovery Post Covid-13 Pandemic v
Transp Fusl R Y post 2020 « Transporation fuels take much longer 1o reach pre pandemic leveis
W e, with fong tarm substitution trends like Electric venkdesibio-fuels aso
5 ‘_::_"' ~<IToozame impacting demand
; e «  Lght Olefin Demand Growth 86110 Increase by ~30% by 2030
2 e +  Demand for Patrochemical feedstock 1o contnbute to about ~35% of
E 0 dazreesssssan Incremental cruds demand from 2022.2030
T on e e xm o wm Es A M w9 W
— 4w — Incremantal Crude Ol Demand Growih by Refined Froducts
— Camilie 0N e Ui 1Y e Jiloer 000

12022-2030)
e HRFHTEEEZXASEEREEE(~30)

Ligh Otafin Damand Recovery post 2020 v

» ﬁﬁEfBﬁﬁ;@iﬁbﬂﬁrﬁ](~30) 1 % of heserrmetal Criske Detraest

¢

Cwrvens Weer Taem
L]
¥
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N
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'
Ircrwmartsd De
Sl us
’

= & B

R o &
N NN ND XD MDD NM N XN T XM % XM ‘/’Ef; /E /Ej ” 4 c/
> 5 i

— v e Pupes wes Ptvae I e w Prgnes 010
it ;
i

HF7) Parjanya Rao, Consultant, ICIS, 17 November 2021, Mumbai Elite
223 AT EEO REIREC R R LA REEN 7 R E O R FHENE(Z O 3)
HifT : ICIS

Demand & Gap of Petrochemicals in India

11k

Yex

PER CAPITA PLASTIC CONSUMPTION
(KG/ PERSON)

MM

224 MWMREZEEDOT T AF v 7 HEBLIOA » ROAMLFLERS v v THEB/ RE L
HAT : Refining India 2022

(2) COTC (Crude Oil to Chemicals) %5 fg #r#iA b L FrHffr

FINNTT ML T, 7L ER/EAET 27 0t A0®EIT)H Do
T, BUhAT &2 A e RO G 32 7 I T D a v T O UOP
EINPDHRINTWD,
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10S IS CORE TO A ZERO FUELS COMPLEX

Fuel Gas

C, from Complex

Upstream |08
(MaxEne™ + IsoFlex™)

3
£
i Mxed Olefns
L]
z a Faneiins o U
£ Downstream 105 Wi ~ pX&B2
CN"T“‘ ; 3 (AroFlex™) PG G Flex to 2ero
Distilate P——)
VGO med Coker Napatha
SatC, c3 C=
3 Oleflex
$ i) [l Refining Blocks
5 b tC, JCH - = | Petrochemicals Block
Oleflex ! ochemicais BIoCKs
Bottoms Upgrading . |08 Core
Pltch to
Gasifler |OS Enablers

225 AN DFERIRIEF TS~ DB A 1T O Fra kBT O X % — A
H P : 2021 UOP European Refining Seminar

#224 TIINVT FNOEEWNICED CO2 HEHED L

100 KBPD REFINERY

100% Net Fuels 64% Net PetChems | 100% Net PetChems
(80% LSD / 10% Gasoline / 10% (50% PC on Crude) (75% PC on Crude)
LPG)
Base Refinery Emissions 5,810 18,150 22371
Fuel Products Burned 39,155 11,256 0
Total, TPD CO2 44,965 29,406 22,371
Add Carbon Capture
to the H2 SMR Stack (200 (§4;930) (§2:969)
Net, TPD CO2 44,065 27,976 19,386

56% Reduction in Net CO2 Footprint

A : 2021 UOP European Refining Seminar

F7-. KL I F—EICBW T, Topsoe 226 1%, TEKFBLSIET 10 2 DRI
ENTWD, —Dik, M7 AU BT, 30%RED2—H—050EH (HCGO) % 4LE 4 %
ENTEDLHD, & H—DFF—nr1 v/XT, 99%57iF T MD # R K{LTDHH D,
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BRI AR A > b & LR, 7 u<BROKA KO PR T RENm< D &
KRB DEALTT v <G BRNTE 5, TNE N 7e <425 Z L3R A > T, Topsoe
HTIEABSHEE LRSI A FROSMBAMEZRES S 2 L TEFAMICEBATE S
T 7 ViR R b & B T & LRI 2 AT 5,

DIFC, #I Ay 7 b Hbar vy 7 20 =0 ihE A% 2 (R 5,

7. BRMICEASET 7 I AT T Mafba T Ly 7 AT EAR IO
» Lummus Technology (Z & % #[E S-0il ~® Crude-to-Chemicals FZifrHEfit

Lummus Technology (%, Saudi Aramco & IL[ABH¥E L7 Crude-to-chemicals 7' &
A Z##[E S-0Oil ® Shaheen Project (Z#2(4"25 Z & & 2022 4F 12 AT HEEK L
77

Lummus Technology 23#&ft3"5 TC2CTM 7 =+ A%, Lummus Technology 73
HIHImFLorotx) Y77 e 7 EE Saudi Aramco 23BH%E L7- [458E] .

MR | H 7 & fL A5 o CB¥E 4172, Lummus Technology 1%, TC2CTM 7' m &
A1X, BUEBAREBEIC & DAt Crude-to-chemicals 7' & A | T, &L > =T
FNFX—WFENEL, REBEZSI X TIFHZENAEET, HE AN, Hliza A Mg
MAHZENTEDLEFAL TS, 51T, TC2CTM 't ADFE & LT, HlH
FTDFCC DAZ U —FA NG Z IS 22 L HABETH L& AL T 1,
T, FOMOEOINEELZ T LFL T MIary br—LTE5 2 L2 FTW5,
723, S-0il X, TC2CTM 7' u & ABHRAEED—4ETH 5 Saudi Aramco DFEEIZF
T B F24TH Y. Crude-to-chemicals 7' 7 & A DRHECIC IR AR > a 1l b,

S-0il 1% Shaheen Project T, =F L, Frt L, 77X, ZOMDAMML
FHM A EPET HFME T, APERE NI 8320 T M AR EEREIINLTVND,

Lummus Technology (Z X % &, AElD S-0il ®FH4|iL, TC2CTM Yut A& LT
WIOREENT v = s NIk D,

Lummus Technology ® 7 = 7% A MMIFE# ST % TC2CTM 7' & & X DOHfg ~
n— Rz 2.2.6 12T,
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KRERR ERFN
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WeEx | (VLSFO)

226 TC2CTM ot AD#lE 7 v v 7 7 o—

H T : Lummus Technology v = 7 %1 k

Lummus Technology ® TC2CTM 7' 11 & 2 OHif# L OMENLE 23 2.2.5 (2T,

%225 TC2C™M Fut 2Dk

IHA =0 SV
R - BE PR, 2T = b
JEUBRZE IR . o n .
-BUHAT. AR T T v s OAR ST R
TR S
s 857 G
FE 7 1 AT T CAPEX/OPEX #1#] (30~40%) 73 A RE
m BT A AL EEM A E IS L 7 R
"  IM02020 HEMLODARFR A TN 72 & SoRE AR oD A PE A AT BE
PR EE CEBE O RS, WA E AN
-Crude—to—Chemicals 7 1 & A B il 2 #2fL
FriRK B 5o iR fns

AF =D T o h IR KRS AR

EER, MBIRRICER

AT =L T I —FNFELOGRIR B N L
BRI DT > 77 L — RANATHE
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RO FHGERNE (APT) . AT U —AA /L LCO 72 & IAFiFH DK LT
TH DAL ) A HE
SRR IR O BTG

EROBGMFT, AT T o N BRI DN —v g VR
AR

AT AT A R R

2—7 4 U T 4 —IHBEEOKE CTIRRFICEFS

AT T L—ayv

ERDOHDFFRLT SBTBIEATIZAE D U 2 7 ORI
T ADNGH RHEMED =\ OB O]

AT
https://www.lummustechnology.com/News/Releases/Unique-Crude-to-
Chemicals-Technology-Set-to-Deploy

https!//www.lummustechnology.com/getmedia/e5bladee-70b4-46b1-bc41-
5b980180a1bb/2021-08-18-TC2C-Tech-Sheet.pdf

A . BARBICERA DN E e S AL T Malka s Ly 7 AT EREO
- MACDERMOTT #=0# AL RLH AT A % — A
MACDERMOTT #:(v—~ ZEAER ) D &7 2 I 7 & BR$ 58 A H
Fr oD A — L 2R ENRT, [BEATEA > ORI ArE AT & ks U CBI% - I
MEniebo T, BN TBEFEEOSOE] MMThiiz, KEO FCC @& DY
SRIZ &8 H
WTROHS, YY) X0 ED SO AERE (T e B L ) DOEETH
%o
AR 2SI, TREFED FCC g v U > Ot LB Th 5,

25



Lummus’ Technologies Bundling with FCC Unit for Chemicals

IMI

Ory gas LPR
c _j CILPG
= PRU
Detayec Naphtha! =
[ i i Ges 0 Indmax -
(RFCC = { j
| _HTVGO Unit i
Hydrotreater ! e
— b mm caLeG |
—“ or = I ; High Purity Isobutylene |
COUNDY ) w’:‘r:w, J | *-CT__'_; of Aibytate
- = [ Butene-t
~Ether! Dimer j E oL
T 3 MTBE/ ETBE TAME/ Dimers
Gasoline ——
HOS Ultra Low Suifur
HOSE M&’ Gasoline
Extraction ] Benzene. Toluene, Mixed Xylenes |
| LEO provies |
LUMMUS TECHNOLOGY : __ Slurry Oil to Coker Unit
227 (RFCCHEBEICBIT AT n L U FREHINTHH 7ot 2

HAT B;%NIE/E&N@IB%%;% (ERTC) F#£&#}, Nov 2019, MACDERMOTT #t

[UEFOBRLME~0Y 7 ABE3 0 %EBHET

Chemicals at increasing resid4o<hemicals severity

&

N

Impact of high-canversion options on chemical yields

[WERORLERAY 7 4 0 %~DFREE

v

-

w
.
&
s
. . -
» —t
Base Bphoery LG .

LEAse .
[ [

2.28 MACDERMOTT #0477 M8 L7z,

LELANC s Mortd
Scake Crachm

o
ABataie
§ﬂ
3 Ky
'm
i -
i
e
" Ao LCSLURRY Lo [T 8
Note: AD Canen Narv o woehd sl vy,
PaY (e SR E RG]

AENRENTWS [HERRE I L OBRIT 12~17 %) 1. T ERh L

1% 7%

AR A OMEZ R LTV D,
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(3) BfEmicEIThor I vy 7 bR - Aeiisg 7 e

—COTC(Crude Oil to Chemicals) 8T ORI,
HESCA v REdhd & LA ETHEA T D 0Wbid 5 COTC(Crude Oil to Chemicals) il

WO T a7 MRICOWTIZLLFTO®EY . N7 3w 7 5

IV, —#7ey=7 FfNEOERE G RZIT 6N,

D

=7 hFf]

RO £ S8 DI

#226 ETHTOrIBNTT R AER - AlbEET Y =7 N R
fiti=t ]
No PR i 3 it (1018) i [52:1] wE
2019(phasel)
1 T WIELERLT WL i $26 | Greenfield | 2021(phase2) | 202L¥phase2
EERR
2030(phase3)
2020.9IFL>
EHRILERAR ]
2 SRS (IRENEEATET) SRS WE $11 Greenfield 2019 (1507%t/y)
EERR
BITRABRAR ] -
BE EEZ : . iz
3 BT (BB ERERATET) EEE HE $11.84 Greenfield 2019 2021CEE
4 =R ERPEAILERAT =] WE $5(est) Revamp 2018 2022[(ZE
i ERRERILARAT $10+ 20208
5 | l REE HE l Greenfield | 2024(phase2) 7547 ﬁiz&
bhER TEHERCFTREEERAR $11.9
6 w2 SABIC/ERALERAT = HE NA Greenfield NA
N PARERIEAE N _ g .
7 xig (SINOPEC/SABIC) xig WE $45 Revamp pre-2017 Operateing
8 RE PEERAERIEAAR KiE e combined | Revamp pre-2017 Operateing
9 £ PEGHEFEAILERAT £ HE (est) Revamp pre-2017 Operateing
ERMARETARAT y _ pre-2017 .
10 M (CNOOC/Shell) | WE Revamp 2025(phase3) Operateing
11 EEE TEAHESERR-AtHATOYIIM EEE HE $2.80 Greenfield NA
PEREERBUSAT . _
S i : =
12 Bic® (W) Bicg HE $4.26 Greenfield NA KIGEE
= BELERILERAT = " 2020? 2018.2
B 5| cemmmamon/memstIansm) E PE | S1201 | Greenfield | i pphase2) | smmEm
B (XR) REBBRAF . .
14  |lau Muara Beg CRIERERAT) Pulau Muara Besar | J)l34 $20 Greenfield 2020
15 Raigad | Saudi Aramco/ADNOC/India Consortium Raigad AR $44 Greenfield 2025
16 Pengerang RAPID(Petronas/Saudi Aramco) Pengerang =37 $2.70 Greenfield 2019
17 Jurong ExxonMobil Jurong island yyHR= <$1 Revamp 2023
18 Tuban Pertamina/Rosneft Tuban,East java | 1YREI7 $15 Greenfield 2025
19 Al Ruwais ADNOC Al Ruwais UAE $45 Revamp 2025
20 Yaubu Saudi Aramco/SABIC Yaubu Y9575E7 $30 Greenfield 2025 RELH
21 Jubail Saudi Aramco/Total Jubail YOS73EF $5 Greenfield 2024
22 Yaubu KNPC/KIPIC Al Ahmadi J91-p $13 Greenfield 2019
23 Dugm  |Oman oil company/kuwait Petroleum Inte| Dugm A=Y $15 Greenfield NA
24 MOL Group NoBY- $4.50 Revamp 2030

PR : TCGR 2019

COTC IZ[EH 7", HAKHTED SN TWE X I I Ly 7 bealbita 7y =27 b
RFEFHIZ LTI T 5,

7. [TYTIH
OE4% :

Hor{tradxr FEH)

B2 - FPEAHARA{LAF]
B PT © PetroChina Guandong Petrochemical Jieyang Complex

Bk . 201

7

EF AL

2018 4F : JRHARE « WEZRESIC L 2HRW (Al REENS




KL afbiia 7 v Y=/ b ~Oiis#) | pre-FEED 58 T

2020 4 : L

2022 AR~ : AR BB BA b4
H PR - ML
Braxakle - WIEZARER K (B 2,000 5 N UMAR) EEOTAMBR T T v N —A

TF VLT Ty A—EDl AR YT v b (=F L1120 5 R )

BeBER - 654 (Bt (9 92 {8 Fv) [ 4405 ]
JFBE : XX TR [ wIEHE] = R AL
EPER - AIETS (LT v NTXR T LU s MR O ER)
B © 2022 1%
AL - RSN D AL FE L ORAIC L D FEOZA/EMIMTE L

HiFT - httpst//finfo.21cp.com/info/detail/364695061633474560.html

< REAGTH  SEATI LRSS T e Y o7 SR BRAEER M (10/31)
10 A 26 H, FEAH (CNPC) JAHEAMLFHEGEA 7 v ¥ x 7 O BIEARE
BN EA SHL, Rm7RRBRAFEEFHI A - 72 2 E BRI ST o7z,
FIREAREENIIAY 0 Y =7 bOEERE T, FHLEERET) 1,000 77 b /4,
B EIEMBIRFA] 8,400 IRFfE], AFFRENICXTT 57 X E U 7 1 60%~110% T, A —
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— A= VOEENT 4 FIZ1EEINTWVWD, ZOREID FHROEHREEEE, U=
v MRBIKFEEEE, 7o »—Jzzvk%ﬂvké’%ﬂ:?é% CIEEIAMEG SN D, FIRFC, BT
T uaY—EROTEZHRRy U —7 il L. THOERE +HSICERT S
ZET, mRAF—HEEOHIEA FEBLT 5,

Z OIEE OILEE « FEMERFHI T E AT (CNPC) #EHRFHFEARAT N TV, BT
W EA I TR A TRAT] (CPECC) 26T AT, JAFA ML RS 7T r Y =
7 N TIE, 2020 4 3 A DA LUK, JRHRAHEGTBUN, K LEXOSEE - /1o
T2 27 1 A Ok A & CTEEI e R - R T, 202246 H 26 BB =L
NIET LTz,

A B OFRERAEPE T, ISHANFEEIANT V2 a X NokE k., 7 et A2k %

e BRERGER EABR L, HEAREELZ 10 A 70%OAM TER L, &4t
19 779,920 F U OJFIMENIETHTFELEDZ L ThH D,

# 227 JRFALOEEAEE - Bl SO A

EBAW BREHRE (B /) 31iEm A f+
ERERBEE 1,000 X 2 2022/6/26
T4L—K-a—h— 300 % 2 2022/7/30
INT T4 KFRILNIBEEE 420 2022/6/29
fitig S AERE 360 2022/6/28
KRIEDEEE 370 2022/7/30
ERNERE 300 % 2 2022/7/30
TrybMRFIKFRILEE 120 2022/6/30
BHKRIE S REE 330 %2 2022/7/30
g AV KRN REE 170 2022/6/28
HRNBEE 110 2022/1/22
F7ILEXL—MEEE 60 2022/1/22
MTBE #l&&E 10 2022/7/30
BHI—IRKRRUEE 196.01 1—% X+48.55 A 2022/6/2
FTIHKFRILEE 300 2022/5/31
VO RFTIHKFRLEE 80 2022/6/30
BERILKRTHEE 70 2022/7/30
AR BEE 35 2022/7/30
FEEEEHEREE 260 2022/7/30

AT
http://www.xy178.com/gonggao/20221027/148314.html
https://chem.vogel.com.cn/c1230722.shtml

@HE% : T
B3 - PEA R A LA
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BIMPT © PetroChina Guangxi Petrochemical Company (1,000 /7 bk >/4)
TR 2010 4« BREERRAA
2022 4 ¢ ISV AAEB b — KR - SR LT e U 7 b ORE [ E G

AR © NLA.

Braxax i - 14 oA LELEZR &2 Fix (=F L 21120 7 b /A7)

PeEEE - 305 @t (4528 Fv)

B BB 7Y (CDU O JUHALHERE /113 R %)

EPESh : TV o ERMERPET D, =T Ly, YubLy THIUZUED
S LSRR K 276 BT b U MAEAEL, N T KRV A LT 1
EVA (=F Lo bv=rT7E7—haRl~—), KaEET L EOREMM
MERLSL 2 T D,

BB 0 2025 FF DT IE

AL - R OMEALE (P E O EE ST CIIBEMIC BT L—7) ZENL
RING, FIBNTT R EXD,

H T

https://www.soliao.com/news/zixun/57216.html

PetroChina, #JI7 Guangxi iz At k7= o 7' Ly 7 2 BRGNP ERHL - R0R
H1E[E A PetroChina I 45.2 ff RV 24 U, PIERF O -F 8T O A AL
FarZ by 7 AT ~ORRR - YRR A B Lo, SN O Guangxi ST O
JFOHAEERE /1(20 77 BPDIEZEDEE T, YV UIT 4 —BLOAEFEREHD
L. 14 Eoaimbya=y G276 77 b /)% B (2025 B 2, B
BT pEEICIETTTF L=y U205 AR, B YU LKELS iR =
(55 77 kU /4E), aromatization == ~(35 T F )R EEND,
AT
(1) 2022 4F 7 H 28 H. Reuters,
https://www.reuters.com/business/energy/petrochina-begins-45-bln-
refinery-expansion-state-media-says-2022-07-28/
(2) 2022 % 7 H 28 H. neftegaz.ru,
https://neftegaz.ru/news/neftechim/745173-petrochina-nachinaet-

rasshirenie-neftepererabatyvayushchego-zavoda-na-4-5-mlrd-dollarov/
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1. [TPT7EECRITr Y =7 FNEH]

ESEZA A5

{22 : S-0il Corporation

BUMFT © Onsan refinery (65 /7 BPD)

PR 0 1976 4 BrEPRRALS (Korea-Iran Petroleum Company)

1991 4= : Saudi Aramco 7% 35%&AZ NN
2014 4F : Saudi Aramco 7% 63%iRIZE U\ L

Ha AR © NLA.

Fraxaxfi : Steam cracker fillBAEER i —=\ (Aramco FIOPEH 77 > )

PEEHE - K9 70 8 RL(59 9,450 f&H), TRR:16.4%(Payback:6 years)

JEgE : J5l, LCO, Slurry, Asphalt

HEPERL  mF L T8 R UME, UL 100 5 R MR € A ESES OER)

K2 5D 25%1

A HAN : TC2C™ by Aramco/Lummus

BiRk4s © N.A.

BB 2026 4F (2023 45 T 7E)

AL - P REMIMICTEEO MO A £ 5 A1fbdn i~ D fx i

5 Aramco OFERE & LT, 2030 4£ £ T2 Hik & L THafbmid 28k o

450K 4 57 BPD (ZT DAt AREMFICHS, YU VENETETY
JViCLsalbk7mny=7 F&E5RE,

AT
https://[www.aramco.com/en/news-media/news/2022/aramco-affiliate-s-oil-to-
build-one-of-the-worlds-largest-petrochemical-crackers-in-south-korea
https!//lwww.aramco.com/en/sustainability/climate-change/supporting-the-
energy-transition/crude-to-chemicals
https://[www.lummustechnology.com/getmedia/e5bladee-70b4-46b1-bc41-
5b980180a1bb/2021-08-18-TC2C-Tech-Sheet.pdf
https://www.energyintel.com/00000185-1abe-dbb8-abed-3ebff2510000

AT @ S-0il AR—L_—
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7. [BRMNIR—F » FOREHEE TP =2 FEH]
<PKN ORLEN #—Z > F Plock O ilHHY A ML A S Hise ~O Bl i E % >
PKN ORLEN(Polski Koncern Naftowy SA)iZ, PDP(Petrochemicals Development
Programme)®D—Eg & LT, HR—7 > K Plock |Z& % £/ 1 L2484 i sk (BE
1,630 i F/E)D Olefins 3 7'm =2 T, AF—L27 T v— (147 S IHFE) @
Brax, BEfF—F L o2E@ (30 10 b U /ARE) okl 40 UL LRl L= M= L SR
(WIHIRET) 84 J1 R U IHE) OFREFSG L G T, =T Ly 7 ) a— oA F LU S0h
fein ISR, MR/ ERMAET T~ FOFHR BT 5, KERIL 7.6 /& zloty (9 220
&M,
AT
(12022 45 A 20 H, Oil & Gas Journal,
https://www.ogj.com/refining-processing/petrochemicals/article/14276899/pkn-
orlen-to-add-new-unit-at-plock-integrated-complex
(2)2022 4= 5 A 18 H. PortalPlock,
httpsi//portalplock.pl/wiadomosci/pkn-orlen-zwieksza-produkcje-gazow-w-
plocku-powstanie-nowa-instalacja/EZFvkO8VbabKBOnA3aEOQ

x. [PE VU PTIETORLT Y =7 FEH]

77 U ADAMKT TotalEnergies & %727 7 7 OEE A The Saudi
Arabian Oil Company (Aramco) (X 15 H, o U A Jubail (2 FRBLO £ i k7
fiE% " Amira" & @ik 3 D K RE R E (FID) #17-7-, Amira I%, TotalEnergies &
Aramco DOE It SATORP (3%) OREAFRIMATICH G S4v, M FA - #EE T 5,
Z DA ML IE Mixed Feed Cracker (MFC) THERL 41, SATORP #jfiph /4
FESNDA T HARLT 74, Aramco OGS N D =& RORIRT Y U & FEHT,
165 T b DT F LU EEFETE DLWV ), Fio, BEPORY =F L 2LE 2
B, TH YT oS E, E OMIRAEMICEET AEELRESNDLI TETH D LV I,
AK7uy =7 FOREFEIT 110 EFVIC kY, 20955 40 E F/v % Aramco &
TotalEnergies 75, ZiLZ4 67.56%, 37.5% T DHET 5, Haxid 2023 455 1 MU-4
([CBfR S AL, 2027 EOREELRIIAE TEL TV D, £z, Far 7Ly 7 23k
A, Jubail T3Ex VU 7IZH HMMOAHY: - FELF 7T o MIE 2 a3 57
ETHY, ZHUTIT 40 E RV OBINEENRLEL D RIABLTH D,

T
https://totalenergies.com/media/news/press-releases/aramco-and-totalenergies-
build-giant-petrochemical-complex-saudi-arabia
https://www.reuters.com/business/energy/totalenergies-aramco-build-11-bln-

petrochemical-plant-saudi-arabia-2022-12-15/
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2. 3 %/Hﬂfﬁ BT 5 CO2 ORI 72 I BET 2 Heffrdh s 4

JPEC |ZTHHN 8 L E CTITFEha L7-BIMNAMEED I —AR =2 — b IV EH- - FE
ﬂ%k&ﬁT%ﬁﬁﬁﬁﬁﬂE\ FBAERREE ), 7V —rKFEOIEH, X CCS OEjiz A A —
LTWAZ ENmholz, ZiE Concawe 73 [Vision 2050 OHTHEZE L T 5 2050 4
BT A A=Y TRIEAINATND (K 23.1),

20505 &HPA A—Y (Concawe Vision2050)
CO20RAY - [E]UR

< vl
BAETIEEE 0
refe— = R RN - RBOMHE
— - ne -l- Low GHO
S (e wastavaREe » pﬂfo .‘V" ’ Petro
‘ . t— blofuel E chemmicals T ’I chamicals
T~/ I~k ; tosdstocs
CRUDE 0|, b Low GHO Low GHO
preducts '***" P gmitha; . Yeweow P preducts
m - -
LowOHG ‘sese 1 HIBl eeee > Low OHO EH
fuels fuets 100
FERIDZHR(L

BATROEE | mesontment ——» m
FERNOEEL BN

2.3.1 BRINATHPEEZFED 2050 FFEGMETA A — (Concawe Vision 2050)

B L TP L oIzl A TREE ) &2 ol K R RLEHIR 72 £ ¢, CO2 7V —K3HK
(7 U —2kF) Z2iERTLI L. SOICRMFHREICHNEAET D CO2 Z MmN HIj
T 572D CO2 WX « [FULH T (CCS : Carbon dioxide Capture and Storage. H L <%
CCUS : Carbon dioxide Capture, Utilization and Storage) % . #f L < Ji# LFen EHE M PT
~OEMATREME A RFTT 0 Z L NETH D,

2. 3. 1 CO2 4R L ZOEBEHRIRIZEE 2 B

CO2 A EIZET 2 R 727 —# X IEA (International Energy Agency : [EfE— % /L
F—HER) REMNOFELIRESNTVDEN, BRDZEN LW LT —#13% <20, 2
ZTIE BR) BERED Th—R U P 27 L CO2 BT BIERAT « AT O BLIR & ok
2 2022) VLD T—ZZ5IHLUTRNT 5, ZHIZEDE 2021 FHEFR2ED CO2 F4E
13 33,000 Mton (3301 h> ) T, 96, HE (82%). 4K (15%) . BN (10%) .
HARIZHK 10 b /T 32%% 505, TEREEOWNIIT, R BARL bEAITEES
KZRABET, BENAFRRE CTRLEL, ROTHEET2END 35, IS8, A
b, RERTALFE, AR T 7 o MBS CO2 FARIT 2%F2E T, FIH L LTiX
%20 (M2.8.2), LLRnn, AL D 72 2 EE ek 5 0% 4 CO2 (Scoped &
FEEND) ZNZ 5 E 2FIREM L&) REREIGEZ HD D,

HABUMFISRREFE S (METD % 0N 7' U — B HIG 2 508 L TR 0 £ O H T 2050
HEh—Rr=a2—Fr71 (CN) Z2FEHRTIHEZOOUFTVAIRENTWHD (1X2.3.2),
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2021 (#5%3%4#5) 33,000 MTON 2021 (A& %E#) 1,060 MTON
©% Dfth
9%

@z oft
27.3%

@
26%

OHREBFR

OFER 37.5%

41%

@A FH R

17.2%

®@F7VE=T
1%

DA FHR o
0.0% @88

12.3%

GRiHER ®7vEZT
2% / 0.1%
x> b 0375 GRimER QRS SN
8% 8% 1.8% 3.8%

2.32 2021 FFEDOHF L AAD CO2 3AFEE (T B L) v

2050FEN—-R>-1—-FNOER
20104 20304 2050
103@4> o s (GHGEH T20137F 1L A465%) IR + MR CRBO -
‘ B [ProsnE——. BN ORACRUERL '(AIOO%)
T rame
» REBLAIRROC LR ai |
it A
» AMNOMINE HRORS O » K¥. PLESF, CCUS/ (=====3
5 :3» CHRDUCLZMELL S RE N-MIUULING LR =
‘W 1
n , ARHRRMCI AN ;BRSNS AR
OREML R WiMEE, M35, DACCSD | Ao |
- BECCSHYMMBERNT .
NG 1
-~ N4AI2
| an Niadeind
| g B F—
1 |
|
. mIZO ;> BIZOMXMEA S )
wn > .;,,:.’L';...?“ > MFHOKM i 1
h AABEY | | er@rEkmRILALD » KE.PLEZF. CCUS/ LT
SRHEOR ST D-RAIBLINRERER | =
> KR PIECPRGOEE wn HIREOER i \ :
- ——
"""" L
§= :wms:J
— L8210

X233 AARIT—Rr=o—bFF)VERIZMTZFU A
HIFT) RRBPEEE . 7 U — A EHRIE (2021 426 H 18 HiKE) 2

—J7 . B ERGMATH B D CO2 HEHEFR L OZ Ol x5 I L Tk, JPEC T
1% 2019 4E L 2020 IR TV, T OBICIT B ARSIKRO T VEGEFT 2 AV ¢, &
At s CO2 #4 . BUMFT AT 3B MICS D DI T, CO2 Hr @A R L
72 TORER, BfiyfR (FCC) ., #IEARME, KFBREEE» D OPHENRKENWZ L 2R L
7= 9, EBIZZORERICHESE, JIMFTNSD CO2 #HRE Z bNH5E : OB =X DM
&, @EtORRHFEL (LNG &) . OFAEFFEENIOFMH, @7V —rkFEOFH, @
HERFOHEH CO2 DlElY (CCS HAffoi ) . & L=k CO2 Hh 4 3 2.3.1 1R
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T, BURSHE D TV DE T R LX— DORFUEHEES LNG SR B IRE~ DliR#a | 125
- :‘/%y)wc@< LEZL 2 AN, CO2HAERE P a|EST A KIEREIHROT-DI21E. OF

AHEEHORMA., @7 ) — 2 kFZOFH. ©CCS HiFomH . 2 HER (AT R DN L
&foﬁélk%ﬂ<b‘(b‘éo

CO2kHE
ktCO2/4F (t;;*;
20204
1 BEZBRE 7,213 21.8
2 HERERE 104 0.3
3 FIYBREE 421 1.3
4 (TihBREE 861 2.6
5 BHBREE 1,816 5.5
6 REEEhRERE 2,171 6.6
7 HHBRREE 1,801 5.5
8 FIYEER 55 0.2
9 B ERE 1,960 5.9
10 LPGEIX 8 0.0
11 ETHFRE 31 0.1
12 RYEVHH 17 0.1
13 PUFL-YavEEE 160 0.5
: 1| 14 EBfENREE 9,019 27.3
..................................................... 15 KEWE 5,849 17.7
E7IVESHPRT 16 PEHYUBTEE 407 1.2
17 RIELEE 15 0.0
> IEMOR. SRR, kRS |11
St = 19 KEHLARES 555 1.7
HEHNSDOHEE = 20 ETBEEE 13 0.0
21 BRIRESRE 3 0.0
22 JOELYHEEE 3 0.0
23 NSFILVERE 52 0.2
24 NSYRTIFEE 32 0.1
ait 33,018 100.0

2.34 BAEGHAT S O 7 a k' 25 CO2 &4 8O E RS 5

#2341 HARHAT) D OPEH CO2 I Ml i 7= B3I 3R 0> &) Rk s ]

2 = 2HIR= 2l
ERINEES iﬁt_’ff; C(‘I:t_'i’f; co ( Ejgﬁg 5
N—R 33,018 0 0.0 -

@-A |RBFF2AOAIINF—(2EDEIR3%) 32,155 864 2.6 IRNF-%hR
©-B |RERGRERO SN HEESEEOET25%) 31,214 1,804 5.5 TINE-BE
®-C |[FCCOI-IAFIH(FCCEEBEDAIFR10%) 32,116 903 2.7 ItINF-%hE

@ |100%LNG* 32,486 532 1.6 JeStoli: sz (d
@-A |BHO#BETERH100% * 31,256 1,763 5.3 BEAlEEn
3-B |RRESH2TEETHEEN100% 15,611 17,407 52.7 BETREEN

@ |BETRENICLIRRARREI RS Y — o KEWALO0% | 27,170 5,849 177 | ou-vkmuA
®-A |KERERFCHHMEINECO20 HEUR 28,762 4,257 12.9 CCSHEA
©-B | KREERFCDEEENBCO2+RBEHEH A N5C02% 10% [EUR 25,889 7,130 21.6 CCSEA
®-C | KREHEIFCABEENBCO2+ABEHEH A D5 C02%50% [EUR 14,381 18,638 56.4 CCSEA

* 1 WHFTAZOHIGE
U B FIZ B & BETIC 1T 5 CO2 O Ry HITRIZ B4 2 Hdfrdhmaid & LT,

LI, 170 = KFE DT OBEMKFERGEEA ) & TCO2 WY « L (CCS) < CO2 Mk
PAZEELAl (CCUS) Beffr) (2B L TRl L 72k Rz Wi 4 5%,
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2. 3. 2 EffKFEEHINRE CO2 7V —IZET D HiT
(1) KREFEEFRE T N— 27V — 2 KFEDLEN

2015 FORYHETEE LIBRFE~OID M, BRINZ e b L Tnb, B
ABFFIE, 2020 4F 10 A2 2050 EH—R e ==2— K I, Thbb  #bRFECO2) O
P EFEEr 285 L, S OICKES BHERMRAICIRRIZAIT - RERBERE D
HLTEY ., ALARED S OBENZ AT 72 B AT EMIC 2> TETND, ZOXH 7%
HENOHE, HHRFE TR =a— N T AOERBUIMIT, BRx 7eB0 fAa 3 m#E LT
W5, KE (ZRLX—) X, h—Rr=a— T NVOERICRAKRT ) — 7Rl F
— (Fx V7)) ThH, KEIZBEHET L RERTOEARED SN TS,

fEAREHE R D= KNV F— 5 AR XL —ICE X, KEICEATLZHIZ, S
SIZH—R VYA 7V EERT DL, FETRET R LY —2FH LAkFE (FU—rK
F) ORERE L KFA 7 T OREWEAESE - EANILEARRTH D, ARIZZ Y —pk
FHMED 14 OERSBHFO—DIZKE - BT VB =T FEEENLE ST TRV, 2050 45
—Rr=a— b T LOFEBRICHIT 2030 ££12 3 Mt 4E, 2050 4EI2 20 Mt 4EFEEE Dk FE it
EOFEBEZ AT TS 2, £7-, IEA 73~ L7z Net Zero by 2050 7 — K~ v 7|
IRENTWAHYF U A (NZE > U 4) IZBWTKREE L, 2050 452 530 Mt/ 4EI73
L ETFHSHTND 9, 2050 4F GHG it x » MEr 2 #ERk§ 2 NZE > U A 04, Bl
Wa e — 7 1A MFEET 2050 45 F TIZ 26%FEE E TR T 5, L L=pR/UX —FE|TH
K& E— 27129572050 4T 85% (2021/624EJ 7> 5 2050/532Ed) (12 & X% v (X 2.3.5) .
ZOEDLI TN 2.3.6 IR END X HITKRELENT D,

RA 2 MEL 2050 FEITITHEARET R —NET XNV —DKFEZE HD, HAETET
RX =D D AFERL A~ OEMAHE A A, ik FRE R G 7 I IV HRICRHE
LT <, Bzt ARENT, BT R L X —nE0 7 ) —  KENER LR TN D,
RENRINTND,

o S .
Historical Scenario @ Other
sources

. ORer

B Nuclear

ONatural gas

ool

s =Coal
2010 2020 2030 2040 2050

IEA

235 I|EA - HEE= VX —FFH D 2050 FHEE T (NZE >V A) 9
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TR, EX RO AHET VRN E
**(J%EEEISE = ?ﬁiiﬁﬁi?ﬁﬂﬁﬁi@(i’i‘g

ZE

BAERREIRILF—EONTLSH BT RILE—H
BAR. TORFAREPRER 2IFNF-OKR - WXARKICEGKROTSNAREN

4236 I|EA - NZE [Ef= /X —FHE, FErORMETOTr— HEETHIY

E Vi 2030 EE TOHG TN L2 & #HFUKEFTFEIT 2020 4 90 Mt F2EEHY 2030
FITIE 210 Mt & 2 50 BIZIERT 03, ZAUT=RAX—RE L Th b HREESBFICHE
BENIENHRERLE L TURENTWS (M 2.3.7 7)), F7-/KEREH S ONERTIL, (LA
B BIESND 7 L —/KFBITHM LRV, T b—kFER L 7 ) — L K ER 2 )P KFEENN
EHSOTNWDHZ ERRINTWD (M 2.3.74),

X1 T A—kFE ALEIRE D OBE & CCUS Hifli2#laa bt T, MErO Co2 ZEl L T&
BTz IkFE,

2 U —lokFHET oA ECO2H AR b LI/ hE W —Rr 7 U —72kHE,
o, FAETRET R X —HROBENC Lo CTROBL RSB LNEKE, AOEE
KoK BT DOEN R L DAKFRARERAA A~ 2D @R Zb» 515 b bk HE
(BECCS k%) baEhr5Aa00 %,

IEA (NZE>FU#A) OEEKIETHIS TR %NZE:Net Zero Emissions

- -livi & T EfMt B
m n
Gri (52) :
Buildings ; g Electrolysis(80)
. # O
— Synfuel(7.3)
Ammonia-fuel
- Power(18.5) ) (24) Fossil with CCS
Transport(8.6) - i:) (55.6)
[
®2) 12.8 Fossil with CCU
ustry(51) stry(75) (13.4)
(61) > Fossil(53)
. ing(37) - ] By-product in
J ining(26) l_--G) refineries(10.7)
A ! o am i) ! e Hax
Demand by sector Demand by production technology

42.3.7 IEA - NZE 7 U A TOEBKFETSTH, () FTEM, ) R 9

(2) FIMFERSBICRIT D7) — L kKFEOEEN

TSR BRI IR E L7236, AKEF A E1T NZE 27 ) 4 Tik 2021 4F 41 Mt 2% 2030 4
26 Mt £ T35 —J5, STEPS v+ VU A4 (STEPS : Stated Policies Scenario, AFEIR
TFUA) TIEH AT Mt &FIZEINL T\ a, BIZERIZIE STEPS & NZE Oy s 25

37




THRB T HAREMENEWE B Z SN, ZORE COMLELIKFILT L—KBND T L—

7J<$z§><3u\ X7 U = IKRFE~DEBEHZ PiR2IEDOND Z & 75>%¥ﬁﬂéﬂfu\zo (¢ 2.3.8)
0, KFIPUCME L SNAHAHEINCHEE T 1o =7 MM L3k 3 5,

SHBRAOKERD. R (DU-> /TN —KRICEEENS, BN/ HE/ 7A) A

. HHBROKEFAE (Mt-H2/ ) HFR) Global Hydrogen Review 2022 (IEA)
IEA Hydrogen Projects Database (2022)
40 Iﬁﬂ‘ﬂlﬁﬁﬁﬁ&d)*ﬁ? oIk
30 Blue H2
REFHYNE(1 10 MW, 2:100MW). 2024 Porthos Port of Rotterdam
20 HySynergy (1 GW by 2030); Air Liquide. Air Products.
ExxonMobil, Shell
10 2013 Port Arthur: Carbon Dioxide
Capture and Storage Project
o (2026 Air Products 700kt-H2)
2019 2020 2021 2030 STEPS 2030 NZE 2023 Sinopec is developing at 2025 CNPC China Northwest hub
China Kuga (¥T5&8017)LEAKX) in Xinjiang (37381 )VEARX)
M Europe M America M China M58 M Asia MRest m%lj1 (260 MW / 44kt-H2)
Green H2 for Refining (Mt) Blue H2 for Refining (Mt)
1.0 1.0

0.8 0.8

0.6 0.6

0.4 0.4

0.0 — 0.0
2020 2025 2030 2021 2025 2030
M Europe M America M China M Others M Europe M America M China M Others

2.3.8 |EA - ARSI B 0> 2030 4F % TOKRFRA TR 5N
TN—IKF & 7Y — L ARFHHA RO E T & TRl O

FEIRS P A rTRE = % /L —F%BS IRENA (The International Renewable Energy Agency) %
FRRIZ 7 ) — KR FEP R > TEER XTSRS LTS 2 L %
RLTWD Y, LIk, EBiRE 7V — L AKFERGEHINIZ W CIAERS R 2T,

PRODUCTION TRANSFORMATION TRANSPORY END USE

e
St (L
Aenewabile

O \EEEEIRILS

:\i‘(—(:ﬁ‘;?%’sﬁﬁﬁ@

BR) HES
S

Electrotyais [0

@ IRNF-EARELT
P)=2KmNIARTICRES

: Sustamable
1 €0 copture

239 U —UKENLOEMI LIZ LS5 LF—2 2T L (IRENA2021) ®
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(3) 70— kB REIZEAT MG L KFE oA FRGE L

ENTIEZ Y — U ERIED—> L LT, METL® [KEBGR/INERS,/ T E=T %
IR SBIRENECR /NE B2 ) KBRS 23 ikim S iz, T ORER, 7'V — Uk FHEITH
T e PEYE - EE FONCIRIAS A E L, FEEEARITBE (K200 Ht) & 2030
(BR300 It ). 2050 4 (2000 4t FEEE) . = A MIEMIENC I baBRE & RIS
DOKMEEFEBTH E L, BIE (100 F/Nm3) % 20304 (30 [4/Nm3), 2050 4 (20
M/Nm3 LLF) &EHZ (1%2.3.10),

KEDHICHIIIMERFORERN  FEERICONT

o HAIIHRTHDTOKERAHEIHT 01751_73-5&@. EU, Y. AT 9RESES,
FEEELLE . KRMREORMESHILRET 5107, KBEFHEOEMBEIE(E.

® 2020F10HOFRIE(LE)OCNS ST, JU—YREWSET SESABO— (]
WY, Wie— HTORGHICLD. BABOIA PUSIA POERTHIET

2019~2020%F 2020108 2020%125
2017%12A SEkRUBEEE EIE (8) 57U n e | ! 5. 8
FERFMBEFE DS FNEHT  [CES20504 (*ém‘ﬁ'ﬁ) KEBEHAZEEL

KFRSED CNES s RIEArR:

- RERC B SRRUIANEE

O FMEARY : B8 -ER ERREONHF TRLFIA
IRTE (¥920075t) — 2030%F (mA300/7t) — 20504 (20007tEE)
SREUAEBBERTP I TROBAR (KREN) SRONT.

0 JAk: EMWI;I#(EE’MN&@&EH@*#Q?R
BEE (100F/Nm3*) — 20304 (30M/Nm3) — 20504 (20f/Nm3LAT)

¥ INm3I=0.089%g

FORTANF —BAHBECSVTRELEH LR ERE R

2030F0BEIRADIS, 1%BEEKE- T EPETIILEERT. 7

2310 7V —UEREEIECE T 57— KBFHABER R R FORAEY

TV =V IKFI EAKOKFZE A FORELIL, #121F BloombergNEF #1048 1%) [
LiZE DL, Bk 2.5 $/kg-H2 #8723 2030 4121% 2.5 $/kg LA FIZ, 2050 4121349 1.5 $/kg™
EBATO T L—IkFW AL PRSI TND 10, 7235 CCSIZ L D7 —kFEiX, CCS =& K
WA LTz 2 A3 2 0MEWF TIEBIR THL 9 TIZ 7/ L—kHFEIEAD 2.0 $kg LLFE72-
T3 (K23.11),

%K% 1kg 1L 11.14Nm3 (0°C, KXUE) 72D T, 1.5 $/kg 1% 18 H/Nm3 (@135 [1/$)

7Y — U IRFBIIEHIE 2 A MEDSEZEANER R STV DA, TREARRICT 57
DI, KT R D RBEHATREE D OMKBICETIRFEL T D, X 2.3.12 12 TEA - NZE
TH U FIHE S TG A OBAEREE 2 A NEKFZ AN (kg HT2V) ORAHREZRT, T
NIZE b L 2030 FE00 D 2050 AFI2/T T, EOFAERBEENID I A MK TL 20—
40$/MWh 23—y & 720 . ZOFER, KFEa A T 1.0—2.5%8/kg-H2 & FHISN TN D,
KFEIANERDDE D) —DOHERT, EINCEDKOEXRIC L HKFERE, 2F DK
AT (Water Electrolysis technology) T Y. LLREZ O @A L C#lis 42,
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20198%g MBI

50 372

45 , 335

40 - : 298
Low Carbon H;

85 {Coal with CCS) 260

30 223

20 149
15 1"nz
Low Carbon H;

14 (Natural gas with CCS) TA
05 37

00 00
2019 2030 2060

Source: BloombergNEF. Note renewable hydrogen costs based on large progects with oplimistic
projechons for capex. Natural gas prices range from $1.1-10 3MMBfu, coal from $30-1164.

2311 RHFEELER D5 FE K FE =2 X R LAZ (BloombergNEF) 19

Hydrogen production costs in the Net zero Emissions Scenario
as a function of renewable electricity costs for solar PV and
onshore and offshore wind, 2020, 2030 and 2050

o _go Ir 1 Onshore wind
y g e A = Offshore wind
- b {  Solar PV

02020
42030
O 02050

USDikg H,

P £ o 4] =] =l [=2]

-

0 20 40 &0 80 100 120 140
USD/MWh

2312 NZE > T U ATOKRFEARA FRIAAL, BARTREER D L OBR (EA) 9

(4) 7'V — KFERGEITE T 2 BN & 2 O BRI RS

JPEC TITZRL D ARUAE (E-fules & HIETILD) 124 H L 2020 45 X 0 SEH
D FHAEREENZ T T-WFFEBRZEIZE T LT D, E-fuels OHRGE I X2 BN, £
232 1TREND,
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# 2.3.2 E-fuels Sy 2 ] S B EARE T

ERE KOH/&R N =i BB LI IZTvIR
Electrolytes Liquid alkaline KOH Polymer Electrolyte Membrane Ceramic metal compound
{ERRE (°C) 50 - 80 R - 90 700 - 1,000
ity (*TRL) KR ERICERFE(9) 7KDER . ERLERFE(*8) KRR : BRANBEAFEEBE(:7)

CO2&EfE : IHIMBIFERFS(*4-6) CO28EAR : HHIMIBIFERFE(*4-6)
CO23tEfE : TAFTERFE(*1-3)  CO23LERR : TAFTERFE(*1-3)

o) Sunfire (GE) 3M (CO2ERE) Sunfire (GE)
NEL (Norway) Siemens (Silyzer) Haldor Topsoe (DK)
Hydrogenics (BE) ITM Power (UK) HydrogenPro (Norway)

Green Hydrogen (DK) NEL (Norway)
Hydrogenics (BE)

ER RBAER% ®Z (CO2EfE) RZ
RIS ST

HFEE KL 5 JPEC VR
*TRL (Technology Readiness Level) £l X, T5t Concawe &Hth 551 H
“Transition towards Low Carbon Fuels by 2050 (August 2021)”

DARR 3K BRI B3 2 BMEINIC O W Tl A LR e MmE T 5, KEMIZ L - THLE
SINDHT V=2 IKRFEOIR N EEOTZHINFHEIL, Oxford Institute for Energy Studies
WCEDFHLIAEENTVD D, ZOHNbT vy A& LR A% 2.3.3 107
TO

#2.3.3 7V = RFERIED I 8 DK EMET OFFL

I 7 S

B Alkaline SOEC
BRE/B® KOH A"L:zszf::;‘ge el
EAR Ni & Ni-Mo Ni Pt & Pt-Pd ROTZHA b
i LS Pt, Ru Pt, Ir Zr02,
La203,Y203
EEpRE (C) 50 - 80 50 - 60 60 - 200 800 - 1,000
AT LhNZEY, 68 - 77 <=74 70 - 80 80 - 90
SEIZL $/kW 800-1,500 n/a 1,400-2,100 > 2,000
TRL 9 ~ 2-5 7-9 5-7
PR ERIEIRS  BRICSBBRENZ e AR
RIHE(EE] DU—-B51E SMAE HVEBAMER
5orh NRPIEE {KTRL Pt=ifiAg FTRL
BRE (FE7ILHY) B4\ Pt, Ir&RHI%Y BER TR

Oxford Institute for Energy Studies #5& ¥} 1% 5512 JPEC THte
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HenF 2.3.2 128 L 7 =4 5% AEM (Anion Exchange Membrane) 723NEf#HAfT
LLTBEmMETWS, AEM I PEM & L7256, EVAY v 7 IZERBBARETH
D2 A KEKREZ B L TE D 28 (RiIcvyy) LR ERnA Y v beanT
WD, BURELE 2 FRNT TV D A — =0V e < BARBRSEEE PR O Hiffi Tdb B DT, LUK
TIHFHZE ML LRV, BB, FEMHFEINOFEBIFE 2K 2.3.13 277,

PEM

Pacton [ echangs Mermtepne Anur EaNatge Merrtrsne

T — - —

Electraite Seution (XQel)

Anoge 40 -+ 1 0+0 de Anpode O+ 0 28 vde Anode A0H +OH OO +dn
Cothode: 415 Osde += D 20 Cothode 41 +4a < IH, Caenodhe: 4, Do by~ it w400
TRL 8-9 TRL 8-9 TRL 2-3

¥ 2.3.13 HHEEMHHITOFEBFE (IRENA) 12

HifimshE (TRL) 2Nz TraApkEE CRI (Commercial Readiness Index) 723330
ENTWHOTEE L L TRT (K2.3.13),

Davelop 9
TRL Toc-rmology readiness Ievmu
Technology readiness level 1 2 3 4 5 ] 7 [] 9
HifFAFEORR - B -
.2 e (5|5 B |z |6 L
B 82 |3 8l 5l5g |85 e |
(] S s g g £ > - ax 8 :
-g'o 88 > > 2 §5 é & 1]
s |26 |2 =z| 2| %] £ 5|5 i
e8| 5 g5| gs| 25| EEn | 85 | & a2 |z
g E-] g S g B al e e g “, E’ o
2Ls E g8l g5l & £l52 | 5] ¢ c
AU B EHEI LR
88 | 825 | a8 |5 28] 25| 588 |52 (284 1§ |2 |35
Research Devalopment Deploymant S g 2] %
(Basic academic/ (Tachnology (Systam/subsystem g 3 g
technology research) development) development) 2 %
CRI Hypothetical commercial praposition ammeraial g g g% *
Commercial readiness Index | § Mcaimy | S | = |=8]3
1 2 3 4 5 G
ﬁ#ﬂ:@ﬁ.k‘i CQmmomul r:ndlnu. index (CR
! Fiscal + + + -+ e ++ -+ e L rvr [ rre | 4 - *
R i th = = == ] - -— -—
! _"c." T e e * e -+ - -+ -+ + * + + * +*
- N e e e |
a gs anufa - - - - - — - 4 S RN . +
§ O« | cturing -
P Capacity - - - - - - - Eaal X X2 IR IR +
ta o~ i
lectrolyser oloalectrachamical
technologles NEEC: CEM. L B(EHBLUBITRAROBRIONTUS
o S EE S
current Microb FaEpCERESS _ _ ] |
TRUIGH [Anion exchange mefnbrane | |
|
]

X12.3.13 7'V — L /KEDT-DDOKEMENRTOKEE TRL & CRIM

CRI TiZ., TRL 3EHED 9 : PG LBEBEN L~UL 2 IZFY L, FD%I2 3, 4. 5. 6 F
THEIZTBYEELEINTZOBLZOHEMPI ORI RASNEI EFTEEHELTE
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V. BERZRLF =0 TRIEDND KO IZRoTETEETH D 19,

Figure 1: TRL and CRI CRI
FITADIBREFE(TRBLAIL
Bankable Asset Class (ER(CAIEZEI59)
Market competition iz
Driving widespread development ETVN
Alkaline S (SE
4 Multiple Commercial Applications
] . EE# Sl S
I . Commercial Scale Up )
System test, . ERS4T
Launch & Operatians : = g P4 Commercial Trial, small scale REALLS AT
System / Subsystem 8
Development H
Technology e
Demanstration ol |8 SOEC
Technology 5
Development i
"
Research to Prove reee
Feasibility P 3
Basic Technology i 2 1 Hypothetical Commercial Proposition
Research [
' 1

HPT) Ihttps://arena.gov.au/assets/2014/02/Commercial-Readiness-Index.pdf

2.3.14 TRL & CRI pH3aKE (Commercial Readiness Index) 3

BlEEAT O 2 2 N &2 SO 5T OBRFEE A & LT, EERFAETRE = %L X — RS
IRENA (The International Renewable Energy Agency) 75 O 19% 252 2050 4
ZINT 7o A BN OB A R 2.3.4 17T, ETHEMPROETLTWD T AT UE
iR, AH v 7P A XZHKO 1MW 25 10 MW IS KE(LT 572 8 LT, BETHRK
BNV ERE 2 A M 100 $/kW (2% > 7)) LTI, Ho, FHMix 10 FLL Lo
10 FEE & 725 T D, BRIN A — B — % IS FE L A TV D PEM &g, 77
U EMFEEIZIZFEERDO BEZREN RSN TEY  FHCBITO R 2 A b 400 $/kW Z H Ik BH3E
WCE D ESBOEHER EICEVERT L ZENROOLNTND, FFEENSHIFSNT
W5 SOEC &I, EENRD e b @RS A A 225, KEE(RIZ 200 kW (10 MW
@D 50 53D—), A MNIEAT 2,000 $/kW LLEZE 10 3D —d 200 $/kW (100 $/kW @ 2
%) ~, FHmHIUT 2 HEEFLLT % 4 500 Lo 8 TR~ & mWER-EA B 2 T <
VERND D,
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%234 7V — KFERED 728 O KFEAHA

2050 fEZ[AS 7o S

—mmm 2O

ﬂﬁh‘- / H; Anion Exchange Proton Exchange Ceramic :
Membrane Membrane Solid metal oxide
= . n . )
ﬁﬁ@bsa’fﬂ_ﬁ Ni & Ni-Mo Ni Pt & Pt-Pd ROTZhA k
[ Stack unit size IMW—10MW 2.5kW—2MW 1IMW—10MW 5kW—200kW
EinEE (C)  70-90->>90 40-60—80 50-80—80 700-850—><600
JEE:J_ 73 (bar) <30—->>70 <355>70 <70—>70 <10—>20
I_J)( —|—
LHV)JJT% 50-68—>70 52-67—>>75 50-68—>80 70-85—>85 ]
{EIZRIE,
"~ Capital cost 270—»<100  unknown—<100 400—<100 > 2,000»><200 ]
. stack $/kwW
" Lifetime stack 60—100 >5-100 50-80—>100 <20—80
L (TSR
N EEEIRN DB EE R
KR AT ADY—-BA51E =AM EEERER
%5Fh ?ﬂ%ﬁl_ﬂﬁfi {ETRL PtiE A% ATRL
BERE (&711Y) pEPUN Pt, Ir&RHIY BHERMIRAR L
IRENA (2021)& %} "M% 23512 JPEC Timtk

(5) BETBIOEZTED S ) — 2 kFEMET Y =7 FEHEOEH

IEA TiX Global Hydrogen Review (Z C & A1 /K& 518 BRE D Hpfrh m) & s LT
% (2021 4ERR ¥, 2022 4FAK ©), M2 THFR AR 2 OEITHh 7y =27 b &, IEA
Hydrogen projects database?& L C= 7 ¥ AR OT — X _XR—A TR LTS, Zhb
NPT A TCIC JPEC I THNEE L7 RGBS O KF 7 n Y = 7 b —H 4K 2.8.5 ITR
R
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#235 BB - Gttt o ERRMpTREEKE T2 Y = 7 b O#E (IEA)

Selected projects operative and under development to decarbonise hydrogen production in refining

Location Startup date  Technology

Hortzes O Sands Canada 2009 Ok« CCUS 438 31 COyyr
Port Arthur * us 2013 Nutual gas + CCUS 900 &t GOy ~ 1 48 M oy
Part Jessme © France 2015 Natatal gas » CCUS 100 & COZyr — 30 M Hyy
Croe! Canada Cpartonst 2018 Natutnl gas + COUS 1,000 & COyr - 300 Mt Haiye
::.?m?mn Hamburg- Ger 2008 Cinctolyss (PEM) MW
Norh West Soageon sefewry  Canads 20 Dimun gastfcation « COUS 1 200 M COJyr

COU progect - Operatonst X058 Hoavy rosdue gasfcason wih CCU 400 &t COyr - 1 000 &t My
Pamis refnory (gasiicaton)  Netherlands CCUS project - Feasbity siudies 224 {CCUE from 2024) 1000 ki COZyr - 1 000 bt Mylyr
s e RIS Phase 1 Oparatont e Elwcrolss (PEM]  Rheinand-SHELL (TM Power 19 W% S
HySynemgy (3 phases) Danmark, ::‘u“::z—‘]\)_na: m’:::‘:m " 2!.‘2;52."0 Clnctolyss (PEM) Everfuel — Nel 300 M;"’D";“:OO Clvl;aline
Musphiy Nathoranss \nder conetricton 222 Elackolyss (SOEC)  Nore efnery Rotterdam 26 MW
Prince Goorge mfinary Canads s 2 Clactrolyss (Unknown) na
OMV Schwechat Refinery Austna 200 Elecrotyss (PEM) oMW

. Phase 1 - FID - Heide Refinery
Weathuste 100 (2 G 202328 Elocrol Alkaine 30 MW /300 MW
UeleRnine ey Shave 2 Frautiity stados ey " Alkaline - thyssenkruppe Phase 2, S/U 2023
H2am Spain a8 Electrolyss (Ahaine) 100 MW
Geta bicwolnery vy x2) Elnckolyss (PEM| 20 MW
Taramo Sustanable rafinery sy X3 Emcrolyss (PEM) 40 MW
Cantelion mhoery Seaen X Electholyss (Unknown ) 20 MW
Pamis refnory | o) x0 Lleckolyss {Unknown) Holland Hydrogen - phase 1 200 MW
Saras Sardnia rmafinecy Nady Foasibitty stuSes 2024 Elecrolyss [Unknown) 20 MW
Starvow vtnary Unied Kangsom NS Naturnl g + OCUS WA Moy
H2.50 Nethortands 028 Elecrolyss (Unknown) 250 MW
Proam CCS Sweden o8 Natural gas « COUS 500 k1 COyr
Geupa Lotos rednery Poland 2as Elocrolyss (Unknown) 100 MW
Zenland refirwmry Natherisuls 20 Elncrutyws (Unknown) 150 MW
4 50

Lngen refinery (2 phases) Germeany Phass 1 - Z:’i Electolyss {Unknown) muu‘x,

Phase 2 - Lady stages o4
Oeltmsrus 1 (2 phonte) P na Ehachoye {Unkncun) ::::mu:v

* These phaenis DIOSUCH Imerchant Hpdmoen 10 supply refitesias

IEA Hydrogen projects database 2022 73 & % L2 JPEC THIERE

ZOHNn, BMANC CEMELZEML, Hod 7Y — I KkFEE RN CIERT S
ZlERALTWAT Y =Y FERAT S,
7. Shell #f Rheinland #j#FT  Refhyne

IO FAEREZ LY — (KR E, H EEJ15EE) KO Rheinland 8T AR
& L72 10MW /KEf#fE (PEM, ITM Linde Electrolysis coordinated by SINTEF) #%
WCZ U —KFEERAEET D (2021 R EF . 1,300 t, FOKFE), HEFELZT Y —
KRFFRGHFTACRHIA L, 7 L—KkFEE2EEHZ TP, 2024 75 2025 FI LB 2
100 MW ~ERK OKFE&E 15kt 4F) T 25FETH D | FERIITILA BURERC /S A %
B BRARABRIERT 5720, 207V —2IKET T v M7 4 — AOFRHREEDRD T
BEELHRESN TS (ERTC 2022 A3 £EENE, X 2.3.15),
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BARRERA TRV — TRV —23> (FEZE-HEPE)

Bt mile wd
P B

SHELL#tRheinland&ShFT 2030FE>3>

2.3.15 Shell #: Rheinland HFT?D 2030 £ 3 o & RiEFH H» PEM Ef#FE (10MW)

. Heide AT WESTKUSTE100,”HySCALE100,”KEROSYN100
2017 457> & BUM TR AR IS O Rt & BiAG L. Wik 2R T WESTKUSTE100,
HySCALE100, KEROSyN100 ® 3 >D 7 ry =7 MDD TS (X 2.3.16),

oo, HYSCALET00 | ™ asseenctacictsures

X1 2.3.16 Heide SLlpTOME (L) & RUMpTis# o G mgE (F)
WESTKUSTE100,”HySCALE100,”KEROSYN100 H{fT) Heide A&k}

O WESTKUSTE100

BAERRET X LF — (FLE)JEE) KU Heide BT L7z 30 MW K B Al
ERWT, EERETO I U = KB EAEET D, EELLT U — 2 /KEITRGHET OB
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7 0 A0, BTGB AT D, F v ARLPES T AF v 7 @ Co-processing Hidk
FIAAT LT BUIED T L —KH#EE 7 ) — KBRS 5, RORAT v 7T
700 MW F THIR T 7E,
https://www.westkueste100.de/en/

7R B1% IR T B B A — T — D KA 7 thyssenkruppe &5 —AL~_X—|Z L 5 & Phasel

(30 MW). Phase2 (700 MW) & & IZFttp 2T 2 L A bN 5,
https://www.thyssenkrupp-industrial-solutions.com/en/media/press-
releases/westkuste100-receives-funding-from-federal-ministry-of-economic-affairs
(202048 A 3 H)

HySCALE100
Holcim @& A >k T35} O Heide #iA 7> H RN L 7= CO2 &, Heide RPN dEw%
3% 500 MW JKFEAFRE (2026 FRM8) /8, AAERIICIZ 2 GW £ THIER) L& L«
7= KRFEHNT, e AZ ) —NEUET S, FTEMRME»OKEEITER S
% 02 1% Holcim & A > N T35 OREFRIREED AlREZ2 L T a S D,
https://www.heiderefinery.com/entwicklung-von-gruenem-wasserstoff-in-der-
raffinerie-heide-rueckt-einen-schritt-nacher
KEROSyN100
e XX ) —NEFEE Lizermnyy (SAF) #EDOEGLETn Y27 b ThDH, 728,
U= KEPD err v o EMET S BT, FTAfL— e AX ) —Lb— D&
LONEVE LT — FTHLONRELZITV, AZ ) —b— FNE@R LTz, BRI
A vy N7 MR E WD 2 BRI D 0w, ~N— M —BLE21T72 > T
W5,
https://cleantechhub.lufthansagroup.com/en/alternative-fuels-

emissions/kerosyn100.html
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(6) FEMRE A —H—DBEH

IEA Global Hydrogen Review 202262 & 5 & 2021 FFRFO/KEMEIC L 5 KB IT THERIK
FELEED 0.1%RE Th -7y, BEAEIZ 510 MW IZZE L7, FANIH L TERY
2022 FITIL 1.4 GW IZE#E L, & HIZ 2030 F121E 1834 GW & HiAA TS (¥ 2.8.17), Ik
PUTFICEBEL TR, 2O LR— b TIREHP & FID IRE% 20 PJ ¥ 175 THREF T
95GW LD Z L Th D, FllER SN L EMEDOMENAEEIL, RAICKREELLTEY,
2021 FRFOET 5 MW 23, 2025 4=121% 260 MW, 2030 421X GW L~ULIZiET 5 &
FHEN TN D,

150

= =
nstalled o 120 (L]
s g0
60
30
0
2023 2024 2025 2026 2027 2028 2029 2030
@< 10 MW m10-100 MW
2100500 MW B500-1 000 MW
o=1 000 MW OAVG. size new projects (right axis)

At AR ERIPIOTFIIBREE

X1 2.3.17 2022 8 AFAHEMEREOFIEFE (I£) & 2030 FF TOEMEENGFEERE () ©

ioish BRES (T 203Q4ER Qi 51T

iy mglon

Gtirpear

' 4
Qument 2022 2020 X4 25 200 Umap Cument 2022 XNQ3 2024 2025 200 Unsp

= Eurogs L ety BN Ao
aing o Oceaa Rest of works
" ur:g.mm b s oAare BFEM wsS0EC BAEM DUMKNCwn

2.3.18 EAHERLEMNN S OEMFEAEREL ©

EMRERIE OS5 B OE M T, FIRNOREHWRIILLAAEETH 50, BRED AR
EWV O RTIE, EMERE A - —ORERE (Fr/N) PRENEEZLND, FLT

IEA IZ X 28 A — D —ORLERERB L #X 2.3.18 12390, FiH &L LT FRET S

o,

D 2030 AZHT, BUROK 10 GW4E0 5, 60 GW #BIZHI K, ZOWRIZ, EU &
ETT7EMNS 8EE DD,

© ERFEZ A 7%, TRL OEWT v ) BN YEEEEZ SO 250, 4%1X PEM 28
BEZMITT, SOEC 3R 4 1T H EAY D 2030 4E101% 5%FREE,
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® 2030 4, PENT, WEARENIZITEU 200 LR HER—, ¥4 7L LTET AN Y
BIENEE AL, REBEELERIFIC L AKX FR@ALE 2N, EUE, ZhEL
M APED E PEM SR ERINCT VA U 22 5 BiAdx, #%ik+ 5 ITM, NEL,
Siemens 72 EFHFIC N EZ AN TNWDA =T —OFENRREWETREIND,

fliE A — B —RIDOEHR E L TIX, KA Power-to-X GmbH 1%, 17 i‘i@%%if)‘ —h—IZ
£ % Q2 HMOEMME T — 2 X—2{LTEY, fIIXEHNEFEE 1-10 MW 1E, X 2.3.19

TRENS (1-100 kW, 100-1,000 kW, 1-10 MW, 10 MW LA ET4%H) 19,

iR 7 & 1-10 MW L~ L Tid, 30 EiFfED 5> H PEM 28 20, 7V 4 Y (AEL) 238
AEM (Enapter f1), SOEC (Sunfire f1) 3% Zi 1 >TH5, 10MW LI L L 72@%)
¢ PEMA 5, AELA 3 ThY, ZOL~LTiZSOEC & AELIZT 4 v F v 7 ENT
VAN

. &
J
Market overview electrolysers 2022 POWER
Manufacturee Type  Technology Nominal powsr (kW) 1-10 Megawatts
Elogen SAS ELYTE 200 PEM KW 1,000
H-Tec Systams GmbH PEM.Elek¥olysaur MESH 1400 PEM o 1.000
Kyocera AVX Comp. PEM-40-1000 PEM W 1.000
McPhy Energy S A McLyzer 200-30 AEL W 1.000
Enspter AG AEM Multicore 420 AEM KW 1.008
Nei Hydrogen Electrolyser AS MC250 PEM W 1.230
Elogen SAS ELYTE 260 PEM KW 1300
Hoeller Electrolyzes GmiH PROMETHEUS L PEM W 1400
Clmmins inc. HyLYZER 200 PEM W 1400
Ne! Hydrogen Electrolyser AS A200 AEL IRWT 1.500
Cummins inc HyLYZER 280 PEM W 1.700
ITM Power pic 3MEP CUBE PEM W 1.800
ITM Power pic HGAS3ISP PEM KW 1863
McPhy Energy S.A McLyzer 400-30 AEL Y — 2000
Sunfire GmbH SUNFIRE-HYLINK SDEC SOEC W 2412
Nei Hydrogen Electrolyser AS A435 AEL W 2425
Nei Hydrogen Electrolyser AS MCS00 PEM W 2480
Elogen SAS COPEN POWER PEM RN 2500
Cummins Inc HLYZER 400 PEM B 3.200
Cummins inc HyLYZER 500 PEM W 3.200
McPhy Energy S.A. MelLyzer B00-30 AEL W 4,000
[T Power pic 2 GEF Sk PEM W 4500
Plug Power Ino Plug SMW Blectrolyzer PEM W 4.500
Ne! Hydrogen Electrolyses AS A1000 AEL W 4,850
Cummine Inc. HyLYZER PEM T T 7.000
Fiug Power Inc Plug IMW Electrolyzer PEM SR GO0
Sunfire Gmb SUNFIRE-HYLINK ALKALINE AEL MWW e 000
Ned n,dmgen Eleﬂro(ysef AS A2000 AEL W a7
Nei Hydrogen Electrolysec AS M2000 PEM W gD
H-Toc Systerms GmbH HCS PEM b T ]
(Hi7r) Power-to-X market overview: 92 electrolyzers from 17 manufacturers (2022/9/1)
https://power-to-x.de/power-to-x-market-overview-92-electrolyzers-from-17-manufacturers/

2.3.19 FERME A — T — L IEEAE T (KA Y Power-to-X GmbH i) 19

FIEED I & L T IEA Energy Technology Perspectives 2023 |2 &, BfiFfliflE A — 1 —
BT 2 HH 0 . ARRIEHRE LT 2.8.20 I —EHRERT,

O BEHR L~V OEME A — I —1X EU 24l L LTE Y., thyssenkrupp nucera,
Nel Hydrogen. ITM Power, McPhy. Siemens 73 bEEHIE DO EABITR 217> CT& T
BO, WREY—-FLTWD (ALY EMFE PEM),
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@ TTICHEBELEL VLD LTV H Y ERP G ERAMS FiRTh D, A—h—
X R thyssenkruppe 23U — K&, FERLA A —H— (John Cockerill 7¢ &) 73l
EHLZ IS ooh 5,

[£%] thyssenkruppe (KA ) tOT7 L Hh V) EMREE, KENTA T v T

Electrolyzer (MW) H2(Nm3/h) H2 TPA
2 400 300
20 4,000 3,000
100 20,000 15,000
1,000 200,000 155,000

@ PEM [FRCKH L THGHRA I, D EMAEOE I A A Y » T, ITM Power,
Nel Hydrogen. Siemens., Plug Power (USA) 72 EBARZED TV 5,
@ SOEC Tl Topsoe tE23 & T35 % Herning 7 o~ — 7 \Z&& T 5 & 33K, 2025 H5
B TE, 500 MW % G 7 > & =7 i Ik,
https!//www.greencarcongress.com/2022/09/topsoe-confirms-fid-to-build-worlds-
largest-soec-electrolyzer-plant-companys-biggest-single-investme.html
USA % CTlIpkEE#h A — 57— Bloom Energy #:73 [F4E o [E B4Rk 6L 2B it
(SOFC) #Hfiz15MH L SOEC e x1TH Z & &#FHKW, Rtz LiE, 1kg OKFER
BB REREIL, PEM 7 V0 U Cix 52—54 kWh 23, {EBNRE S SR O 729
BEDE SOEC TiE 37.7 kWh £ 70%1272 5 £ (FIfRED A vy b7 A Mk
B . https!//www.bloomenergy.com/bloomelectrolyzer/) ,
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Table 4.5 Announced expansion plans of key electrolyser manufacturers

Company

Manufacturer HQ

Manufacturing capacity

Manufacturing Type of Today
location electrolyser (GW)

yssenrupp

Germany Globally Alkaline 1 S
nucera
Norway Alkaline 05 2
Nel Hydrogen Norway United States PEM <01 <0.1
Other/unspecified Alkaline B 8
China Alkaline 05 2
India Alkaline - 2
John Cockerill Belgium
Europe Alkaline - 2
Other/unspecified Alkaline 2
United United Kingdom PEM 02 15
ITM Power :
Kingdom Other/Unspecified PEM - 35
McPhy France Europe Alkaline 03 13
L China Alkaline 03 0.3
o Norwa
il % Other/Unspecified Alkaline -
Ohmium United States India PEM 05

Sunfire Germany Europe Alkaline 004 1

United States PEM 05 1.5

Plug Power United States Australia PEM . 2
Other/Unspeacified PEM - 1
_ . Germany PEM 0.25 0.25
RIER Sme e Eurcpe PEM - 3
United States SOEC 15

Bloom Energy United States

HMSAREX -~ Newmesteowans

LONGI China China Alkaline 05 5

Sungrow China China Alkaline 05 1

Topsoe Denmark Denmark SOEC - 5
Remaining current capacity and other announced expansions 4 >40

2320 FEERBEMEA = —IC X D8R —20ER R (IEA) 9
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2. 3. 3 CO2MWIY - [ENX=> CO2 MimPAFEHAf 72 EHEH CO2 & HIlE3 2% £l

(1) CCS (CO2[al - iTjk) & CCU (CO2 [H « FF) o mBipt: b B FE

GHG HIJEDExt50 CO2 #AEICE L, 2050 FREEr 0 NZE v U A TRESH
HEROHPT CO2 HIEAZ1T 5> CCS (Carbon Capture & Strage) 3 L1 CCU (Carbon
Capture & Utilisation) (CCS & CCU % &HH T CCUS LMESSGAE L H D) ITFFHCEET
»H5, 2.3.21 IZIEA @ NZE > U A2k 524Kk CO2 %ii?@% () &7 H2—
DR () Zond, Ttk s L COo2 %%éif 2050 EMF I IR Bl T3
il 7 X —ThHY, 2R TEICT DD, Zﬁ747i vyarelLTo
BECCS X° DACS BB L 725 Z & &R LTU‘Z)O B AR TR — U TR T 5,

Figure 3.1 = Energy-related CO; emissions by sector and gross and
net emissions in the NZE Scenario, 2010-2050
Emissions by sector Gross and net emissions
= 40 ......................
& g i
2 8 N\ Net emissions
912 30 -
g ! 20 UEEPSUUTREE ...........co0ccc0nnninnns
4 ' 10 ..................
0 0
.4 ................................................................ - lo ..............................................................
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

2.3.21 NZE v+ VU AT 55 CO2 A EHE (IEA) ©

AiEE 12, 3. 2] ©OXLHIT, FrCEE 7 ¥ —ICB W TIBREIORRFE L& XD 72D
IIKFER ML 725, Global CCS Institute (2 X 2 &, HERFIZ CO2 #RAELRWT U —
VKSR, TN—IKFE L 7Y — 2 KED 2050 FITIETRTE EHD, ZOEITBILED 120 Mt
SAEDND 530 Mt/ AEICHIIN L, Tkl 7 X —CORARENRZ N L AR LT
% (X 2.3.22) 10,

[Hs PRODUCTION 2020 1200155 |—»{H: PRODUCTION 2050 53081 Hs UTILISATION 2050
GREY M. L
Foxsd crign, 0o CCS: 07
CMOr 0l Iy goindedt 2%
CLEAN o0
Foral origh W CT% o £
[T — n ]
“1
Ry ~ o
HU->KZE :
- .
= o
B CLEAN M, FOSSI OGN L0 | MOED WATH OTHER GASES B FURE W, (FOSSIL B POWIR GENERATION ] DULDING HEZAT & POWER
WITH CC3 OF PENEWABLE (FOSSIL OO WITHOUT G208 ORI WTHOUT 0484 TRAEPCRDTION INOUSTRIAC PERDSTOCK
- CTRY AL ) TRANFCIIATION -
TNERED £1 ECTROLYS S Wf&mﬂ,‘ L S SR00LCT B VOUTTRIL DEReY
AL T e opgeosatn. 050 ubbersan takes Sam Mpdrogen Counct 2017

FGURER 24 HYDROGEN PROOUCTION AND UTILSATION IN 2020 AND 2000

2.3.22 205047 U — 2 /KFEDO VM (Global CCS Institute) 10
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2.3.23 1C

IEA MREET AfEREESDOP T, TI—KBBIORT Y — 2 kFEAR BT
CO2 fEER DI 5 BECCS & DACCS OALESITZ27RT,

J—KE&E

HY—>kz%& -

e e
HUMAN

ACTVITY F—— =

H, o Dm R e SR
HOeWITMS

2.3.23 EERAERICINT T2KE - IRFEOFEIL (IEA)
HFT) IEA. Circular carbon economy, August 2020 L U ##x

[FFEH] 2T 4 7= vy a UG 19E LTo BECCS 8 X WO'DACCS

BECCS :

Bio-energy with Carbon Capture and Storage

THRNFX RO DA F~v A RBESE oL &, CO2 TP SN D08, A

I ADT A 7Y A 7 NEIRTOHEH &

IEb RN, CO2 JEHE L LTH

T R LARWKIRIZR S TWD (I—Rr=a—FT)), ZO/A G~ ARBERE

? CO2 Z[AIL - il L, Hih iR 4T (CCS) . Ko CO2 ITHli & 72 %,
DACCS : DAC (Direct Air Capture) with Carbon Storage
& 5\ % DACS : Direct Air Capture and Storage

KEHF D CO2 ZEHENL (DAC) LA 2 £l

[HEE#H] CCS+CCU=CCUS B XU CDR (Carbon Dioxide Removal)

HiFT) South Pole, Prospects for CCS in Carbon Markets (METI-JOGMEC-IETA 3t
U —2rvav7, 202341 H 26 H)

2.3.24 |Z4FE CO2 HITEHKAT D43

JHA. F#IZ CDR & DORF# 2R,

CDR i, FTICRKFITHESN TS CO2 %, [EIL LATE T 22k A FRT T
AF w7l EWE L L“Cﬂﬂﬂf)v) CO2 i SRV Edfr&45d, CDR ® 9 b, ~

A F~ ZARGED CO2 =5

HY . 2 CDR @#*B“Ca%é
[ CR5H CO2 73)60) CO2 ZFIM L TEM L72REL (E-fuels & 5 WM PtX) (30—
R E4LCDR & T #e D,

A==
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CCS CCU
CcO2- Carbon Capture and Storage Carbon Capture and Utilisation (CCU)
source (ccs) Materials Power-to-X
~ ~ @
e 0L (& , . A - -
Fossil - J:" __L - s m i *ﬁj E"‘j? %‘-. 1
source 4 C ) "ét e S rrromma B e "
{EERARIEIR : = Z £
g © & @
e | Z0-B7) 209 | LoopnS
I\ A AR —
) e DACCS @ @
Atmos- = A o : s @8 = L.88 e e A =1
phefe t-, ‘.'._h' ,;:':.'- . . -. —— = Q:g, =
ARELIR &
: Carbon removals (CDR) Emission reductions Y south pole

[X] 2.3.24 #-Ff CO2 HIWH AT/ ¥E, CDR OALE-S1) (South Pole)

(2) CO2EIXTvay=r O

CO2 [FlIIZ 2T Global CCS Institute 73 EBIHIIZ Ehi b & OG- ]
28 LTS LTV, [X2.8.25 12

B Ta Yy
2022 FERR O CCS & ff‘*@b&(ﬂ EhEoRT,

_-

CCSEfim#x 30 196
CCS &&(Mtpa) 42 10 98 92 2 244

Lo v AOFBICHEIHINDST2018FH
- SsEERT CCCSA=(HENH
§~ vV CCSB=(RFETZSH20214
f - F170Mth'544%1EN1L244Mt
1l
g= i v Bk, BUMAU—RLTLBH,
: . I 0 I 5 g 7S, ChECRIRNED
3

o iR i l I I
© Ay DEVELOPNENT @ ADVENCED DEVELOPWENT
@ m consmuc TN ® oressnona

2.3.25 2022 fE R OpEH CCS 3% O 8 o DR & 318 ki, 18)

ZoWT, BET L LI

B> CCS paEikfiL 30 (42 Mt) <T. 2021 4E 277
%, SLICEFRTRET. TA AT RIcwlo DAC iEA M (4,000t) 723G

- B O CCS 8¢fi ORI A X 2.3.26 I~ , B
Sl (37 Mt) 7 BHAEFEITHIML TV
X S AUBHE)
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B L7z LD Z L THRmIZHEMENTND

(https://climeworks.com/roadmap/orca), F7=, BAZF OREH CCS &Lttt i, FFlc
k., EUBLOA—A TV T2E0HMT Y7, PETRHEISNTEY, S%EFEIC
L <,

- ig \ e S Bt CCSTRER R ¢ 30
™ e P:*‘ e O v SREFR20)
o B e e v 20214F273%fE (37Mt) h
DN ARy s BER(CHEN
AR AL (G M (ke #5) ORCA,/DACCS Iceland
L ¥ 5 NEEE el (Sep. 2021, 4,000tpa)
3 it N S h34, Usa
tl- >

© OPERATIONAL

2021 LABFDFIPI7Z I IV A
(BIFE1RER + BIFEAIER)

v'USA : 34
v'Canada : 19
v UK : 13
v'Norway : 8

v Australia : 8
" v'Netherlands : 6
> Vceland : 6

TARLY DEVELOPMENT # ADVANCED DEVELOPMENT @ IN CONSTRUCTION

[42.3.26 2022 @ (L) BLOoEx - BT (F) oG CCS i 8

2021 R RO MR OBE I LU 2030 £ E TITHMBTED CCS V=7 &K

2.3.27 (Y, BUEBBIT O CCS B DKL, RIATAFLEIMEST 26D TH -T2
M. ARITKFRIERALY: « =& ) — VBB 23472 & NIRRT A - ARIZ &K

DIEERAGOFRDIHIME L LT D T N5, BREBAMKRTZ - FREE T, K
FEOENZY L, 7y 7/ H AD Porthos 7y =7 MREIT L5,

Porthos 7'~ = 7 KX, Shell (Pernis AT Z&Teld->0 CO2 HEHEZE (Air
Liquide, Air Products, ExxonMobil, Shell) ECBfR=> T o7 U v FEENR/N— hf—
vy T aAEON 2024 EOBMB 2 g L. dtiE~D CCS 25 Lex U T 1 7 CO2 % MEfi,
CO2 iy ald., 26 B hy (Mt) /HEX15FE2TELTWD,

https!//www.portofrotterdam.com/nl/nieuws-en-persberichten/grootste-

nederlandse-project-voor-co2-reductie-porthos-ligt-op-schema
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OXY is constructing 1Mtpa
DAC in Permian, Cost $1B
_______ 2]

|

KARAR /AR

& -um% s
Lo 588 ' =
- ‘..~ e * I -

L @:: e @
Porthos / Rotterdam .
____________________________ CO2 Transport & Storage ——e N e

AT ~ N
I, I L kR R i @ e - ® . wgg_‘ O wri |
T v, i |
| WEES (PR ) o P [ BN ~0 |
0SS I - @ timman |
| . smais s e o PO whayTRamvy @ T
VL5 ) B I - cpmpuy o i, R !
[ §ore — ‘ rg - o O World’s largest CCS project,
B s ey ® 8Mtpa, $250M in North Dakota
il ket & ®
KAHZ _’ Q@ erim @ irreore ° ® ®
giﬁ e @ o . R - o
o s
e :,'..:‘.‘.":.'....-. YTra—— 8..‘:-.::.-..“-:-- el s s @ ) e

2.3.27 2021 R E I L OV 2030 FEE TICEE TED CCS Fryy=2 10

(3) CO2WRIN » [EINELAlT & =2 A b &b T2

CO2 WL « [EUXAAT T —EE AL SN E R D072 STV D23, BASEKRITITK= 2
MERRERRE L SO TNWD, WTNBHERE T Ao CO2 #WE7 & THlEL., 5k
L7z CO2 #EfECHlEdT 270t Anb7roTnDd, WA - DEHEDE N PLRKE LW
PITFo 6 FEIp L (b7, BRI - s %%%\ﬁ Y. TR, DAC).
TR E FEA— I — 2 RITRT,

722.3.6 CO2 MUY - [t o s —E

RS

FERT TR PSA Oxyfuel il a i R et EEQ*HX
TSA Combustion a
ﬁﬁﬁ]ZI\ 6,000-4,000 8,000-3,000 ~3,000 6,000 >10,000 NK
M./t-CO2
ﬁﬁx—ﬂ— Honeywell UOP Honeywell UOP Honeywell UOP ExxonMobile Carbon-Engineering
Amine Guard AirLiquide/Linde Schlumberger AirLiquide Climeworks
BASF Shell EnviTec Biogas Global Thermostat
Shell Eisenmann
AXENS
EIZIKX—jJ— IHI BigJo-/0 IHI FREB(E TS JIEET
FRE(ET JREI>S Big/o-/00 EREREIARAMTEAFTHAE
BEIVY ISR L3 IHI
BHiE/o-/UL ERAEHE =2ET
=FET KB, BE

Global CCS Institute!9fth#-FiE k2 512 JPEC Thite
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B bIAN L RIUED 7 a2 AT ED A —H —HIZERkEDZ LT, £
OB 2.3.28 ITREND, ZER LT V=7 Uo7tk b L, EZRbEREIL, 1)
Haz b BERICHE R T XL — WINEOMEREZR & T, RIfto @I (KS-1,
KS-21) &, $EF AN CO2 FIUIZEBWTHR Y =7 vy 7Dz &L Th D,

https://www.mhi.com/jp/products/engineering/co2plants.html

CO, Capture Technology

Point and click to learn more

Solvent without CO "&lui§ >4 Product CO
I salvent with cO, ' Eiin .
B\
o

RENE

- Stripping &
& Regeneration

f Steam

A
=

Heat
Integration

Flue
Gas supply

HEHA

= -
(co2) 1_J S | —p——

X 2.3.28 AfbFWRINIEIZ X D CO2 [N 7 1 & A DS

7 . Honeywell UOP 8l B CO2 WX - BRI EL A
# 236 THLHALNTHLN, 1FFT XOFAM T Honeywell UOP 23 FHA — T — L 72
2 TWD, TITCRMEME I — (20224 11 A 7 H~VY ») B LOFRER—L~—
U BT RAE LT REET S,
UOP o #lFTIaT CO2 EUNEANZ A v F v 7
AmineGurard: Solvent for high-concentration, MEA-based system

MEA: monoethanolamine

Selexol: Physical solvent for high pressure streams and gasification
Polybed: Pressure Swing Adsorption (PSA)
Separex: Membrane systems for high partial pressure CO2 capture

Benfield Process: Inorganic solvent for highly oxidative streams
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#2.3.7 UOP 0 CO2 WU - [Nl — %L

AmineGurard Selexol Polybed Separex Benfield
B ¥R =23 BRI, - WA PSA 5o e DT
Cco2 [+
]\jjps_a E 0.5-1,000 50 - 1,000 5-200 10 - 1,000 50 - 1,000
[
Ho Cco2 £
_ 0.001 -100 0.01-10 05-2 2.0-50 0.001-0.1
Psia
— iy RS IR
1 : : ) ) CO2 4yt BALIR PR
E PREEHED 2 7 AL T m A i)k e FriLoRs
Psia (psi absolute)

1,000 psia (69 bar), 100 psia (6.9 bar), 10 psia (0.69 bar). 1 psia (69 mbar)

BT 72 & T ORFRIE T 72K 8 KBE (steam reforming, A % > D413 SMR)
DOREHES 2D CO2 Z BT 2 HEI12 . UOP#0 Z U b i 2 A WS Z E RN TE,
e AR~ BN - iEfiZ T A N X 20~T70 $,/t-CO2 (5Ef L7= CO2 DiTH = A MIERSL),

4. TCMtt: 77 / rnv—+ % —Mongstad
2009 4EIZ CO2 [MN A HAYE Lz Y a A v bR F v —%50 BIF, 2012 4EAI1Z, Hi
1. MUt HE (GASSNOVA, Shell, equinor, TotalEnergies), S Ko & e o
CO2 /BRI DT A b2 —L L, ZONHTHAEZ Y — R+5, TCM #0031
L A 4 2.8.29 1ZR T,
https://temda.com/

Hlr=+> b (Amine,/Ammonia) :
FEE (B Amine & E3EER) : 3 MWe, 18 ktCO2/y
MBOT I RBE = —HlT & BEHfE 7 &0, i EiERL A R REIC L

12 MWe. 75 ktCO2/y

TWo, FrifrE=F—LIalb—ra VHil

TCM i3 b ez 7 L < s LT s,

https://temda.com/publication/collection-overview-research-for-more-than-10-

years/?ch=1

https://tcmda.com/knowledge/
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B ‘i.",},
ot B -

Equinor . .
hE L 50 T Natural Gas-fired combined
1 %’EEFE & o | o Y " = power plant (CHP)
] — St R =

vy - X

2329 TCM#:: 52 7 my—+t& > %—Mongstad #f#

7. CO2 WRIX - [EINH kD> == A |k s L

IEA, Global CCS Institute, O Tax NREZIT-> T\ 5, AW DHEANICH
LAMEIET DR A MIRE BT LON, JEVAHD CO2 BETHD, il LT,
CO2 3£ % fmhc LT CO2 WX - [EN DFXAHERE D HRFRE THZ /a2 A b (CO2 k
VM7 0) %X 2.8.30 12T,

Impact of interest rate on Cost of CCS
- $300
¢ HiSE _
§ v RIHECO2MEUNER
g o= 0.5 Mtpald &
v EMRCO20083% + BFAEIZ
- 20 US$ (EBSETEIYA hetBiE)
§° NGCC
% ; Power plant Refinery
3 a0 — FCC: 10-14
g Heater:8-10
g )| 14
;‘ $100 .
§ 850 — - - - - - 4sq
-
3
S
1 2 3 a 5 ] 8 10 12 14 18 22 26 30 35 41
CO, partial pressure in flue gas (kPa)
interest rates — I w2% =3% wa% E5% EE% E% ESW BN 10N BLIN EI2M EIIN mI5K

2.3.30 CCS @l Dl - 1Ehx - = 2 & (Bifh CO2 4y +) 29
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BT O EE 238 CTH DN E — & —=<° FCC & 6 OP A A CO2 T, £h<
810 B L1014 kPa 72D T, Hi%= A MI 60$ 5 100D L k7D,

PRI CO2 [N BT £ TH & 7= CCS = 2 F DpEERIREF 2N %, [Xix AFRY
& GaffneyCline 73, GCC [f]iF1Z CCS/CCUS T & &k n o D TH 5 20, GCC I8k
I CKE (US) izt LT & b & LTI 15~25%A ] (k= & 1) T, EIZi#Eilx (Energy)
L% - BpE T&S (Transport, Storage) = A hDT KAV T —ULE#HEN TS, AKX
WZBWTIE, USHE D I SICAFR &2/ s Ebiud (Global = A K« JREA/N—D |
) AMRERLCIBWNTIZ CO2 B L LT 10 205 25%123% < (TCM #:A5# T, Power
plant
PEA 21X CO2 : 3~5%, FCC/RFCC #EEMN S DOHEH A1 CO2 : ~15%)), CCS =2 A &
100 $/°5 150 $DO L > P72 b, CCS 2 A OWHRIL GCC 77— A Th 523, Power plant
TIE 5 FIDEEE T R L X — 2 FIFRS M 2 A N T, AMERCIL 5 BIFINfm = A b & 72
STW5,

GCC CAPTURE + COMPRESSION COST VS GLOBAL BENCHMARKS (2020$/7TC0,)

1437

High purity CO; stream 40-99% Dilute flue gas stream 10-25% vgz.m Alr
Qes

sream 4- Capox

1,000 8%

. Range of global cost estimates
A AFRY/Gaffney Cline ‘US benchmark’ cost
AFRY/Gaffney Cline "GCC benchmark’ cost

Opex ©
250

200
150 Encrgy J&9
I _____ k m
100 1 g ! .
1 . 268 | 233
I 1 Y
50 1 TRS
N . . | : a o | e
== ¢ | 1 Natural |Refinery fron and
' 1 i Ste
Fertiliser Chemicals NaturalI Hydrogen | Cement Ironand |Refinery | Gas Power Neg. Fower
S Steel Emission

processing

T_“',’—»ccs:lZIWER (Gecr—2)
CO2[ON - BT JA S HERROFY—-Y (AUS, GCC)

2.3.31 pEXEN CCS xfii O « &#Hiis « Hyje= & | 21

=. DAC (DirectAir Capture) K% CO2 [EHZ[EINH A

CCS 1% CO2 HIIDUIFLTH 523, FESKFZ G L EITrES CO2 1I2a, AH%FFS
N5 CO2JRE DAL LTUEL A1 A= 3/LF—+CCS (BECCS: bioenergy with CCS)
& DACS (direct air capture and storage) 23Z(F 515, /A A= /¥ —0 BECCS IZ
HOREE T HZ ENREE LD, KH CO2 ZEH[EIUNT 5 DAC #iliA3EH s Hid L
1Z< W, DAC OEFIZEI L Cik, IEA @ NZE > U 4T, 2050 4i21% DACS #&H7=
DAC KT 980 Mt (9.8~ 4) Z AL, D 36%5r 350 Mt (3.5 {8 ~ > /4F) @
CO2 |k Tid7e <, SAF 72 KA EH e EDJFELE L TRIH &S (DAC withuse) =
LIIRENTVD (X2.3.32) 29,
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Global CO: capture from DACS and DAC with use in the Net Zero Scenario

. 1200 < >
= 2020h'520504F, FEECO2&(312Gt 980Mt
1000 (L TEE, 1Mtpax3075/|\’iL_7JI](JfHé'l)

800

620Mt

600

400

200 90Mt 350Mt
o L7001 ——
2020 2030 2040 2050

ODAC with use BDACS

2.3.32 NZE > 7 U BT 55 DAC EAED RiAA (IEA) 22

DAC HiiB L OPHFE LTV D ER A — I — %2 RITRT, HATHICIE, RIRE A% E (LT
Solid DAC : S-DAC) & &l #5 (HT Liquid DAC : L-DAC) (234, E/RpA—D—¢&
LCixZznZEh, Climeworks (A4 Z). Global Thermostat (USA) 3 X% Carbon
Engineering (%7} %) NHMLALTND,

#22.3.8 DAC #ifironfa & LArpRRE A —H —

KR (LT) BEFIRE Solid DAC 58 (HT) &BRsS

TSA _ MSA Liquid DAC
Temp. Swing Adsorp. Moisture Swing Adsorp.
Climeworks Infinitree Carbon Engineering
(Switzerland) (USA) (Canada)
100°C Arizona State Univ. 850°C
Global Thermostat Skytree
(USA) (Netherlands)
85 - 95°C European Space Agency

S-DAC & L-DAC OAFB)FEE 2 5 e~ 1 & A2 SOk 29 1 0 [ 2.8.83 12777, S-DAC
Tk, ZHEORR LIZT7 I 72 8 CO2 &BFEICEWEMiZE L7 & Z A2, KR TK
H CO2 #WE S5 (W TRE) SiEE B +E%E T (E28) CO2 %%%éﬁé (B
BT Z2#H0iKRT, Ko TNy FIfREAR5,

—7J7. L-DAC Tix., KOH iZKRIZ KA H CO2 2 &+ K2C03 Ak L L. (Ca(OH)2)
75)%72%’)/\1// ~ & BOREE (Reactor) WCA A 28#i 44Ty CaCO3 <Ly MIA{khEH
%, IZT CaCO3 ~ Ly M &N TRICHE S 900 CRED SR TREISE 5 Z k‘(

CO2 & CaO 12478, CO2 iX[EY L CaO 1Z(Ca(OMNZ L S HSHEIZE T, X
WCNES IR E S, TN ENORISE IS E A EZ B R LR 5, Fﬂ%éﬂié
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SRS % AR Z T < T2 OEFHEHR R A A 7 7 72— o Tn 5,

L-DAC

€O, Doplated A

Contactor Loop Calciner Loop

Figare 14 Carbun Englivrs i plast in Tese Reprodecad seader & Croative Commons lioorse {33)

Tigure 15. The Climwwesks plant in Switserbinl. Beprodoced with permisskon grantud by Clam-
wenks AL [131)

2.3.34 Climeworks ¢ S-DAC & Carbon Engineering @ L-DAC #%{ii 25

DAC = A bk FLAZDERIE, RAITR STV DR RENRIERN L <, Aifeb B
WETH 5, —fBlE LT ETC OikH 6 L-DAC & S-DAC ZH#E L= D %K 2.3.35 |2
AT, WY 300 $/4CO2 FRE L FUAE N T D 20, fthod CCS Hiffficlb_TH & 0 bif
BMTHY . S%OBFELE SO OERTEZ F Tax MeSET AR ER S
Do
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L-DAC

_ Power

B Heat

| e

B Vcccum Pump

B Compression

I ‘Maintenance
Labour

I Chemicals

i Fon

B veccum Pump

BB Heat Exchanger

B Compression

B Contactor

S-DAC

[¥12.3.35 L-DAC & S-DAC ® =& | Ebigfi] (HEAT : 2020 ($4C0O2)) 20

BURF T D A —J1— 7 EEFRIGHIEN D572 F DAC A —H—Orgibikinz 3 2.3.9
\Z7~k¥, Carbon Engineering 113, USA 7% X2 1 Mt/FRHEOEMAL1 577 M &
%, Climeworks fhid, 74 A7 > K ORCAIZ 500 tHERUMED 7T > h & 8 B, A7
T 4,000 t/4FEOF% i 2 3% & L7z, Global Thermostat fHi%, £7Z/ 31 7y hL~UL L LT
51T U @ Haru Oni eFuels pilot plant (2022 4= 12 A BEIBH4G) (2 DAC Bl &2 3% & L T
BY ., ZOHEINZ 2,000 t/HFEREE (250 kg-CO2/h) LD Z & ThH D,

(httpsi//carboncredits.com/how-direct-air-capture-works-and-4-important-things-about-

it/)

A= —PRERLTND A MERPITFEH L CTOD, AR & a2 —BUCRHE L

EHDOTIERVDOTEEICE EHTEL,

#2.39 FZ DAC XA —h—Dpsi ik

Carbon Engineering Canada _
2009, Harvard Univ.

(L-DAC)
Climeworks Switzerland
(S_DAC) 2009, ETH Zurich

Global Thermostat 3081/?) columbi
, Columbia
HBRE) Univ.

1t Pilot, 2015, BC, Canada 20184
1st Commercial Plant, }23&%, TX, USA, 94-—232
1Mtpa
1st prototype, 2013 20184 600
1st Commercial Plant, Swiss, 900tpa 20254 200
2"d Commercial Plant, Iceland, ORCA, 20305 100
4,000tpa (500t x 8&)
Pilots: Troia (Italy), Dresden (Germany)
1st Pilot, SRI, California 20174 50

1,000tpa S%  15-50
Other Pilots: Magallanes (Chile),

Oklahoma (USA)
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4. CCS, DACICKE S E T HKED &7 2 a1 45Q BidEkx

38 L T Global CCS Institute |%. KE®D v 27+ 3 45Q Bifkr (45Q) 78 [Tl
LB CCS R DA T 47 EMMLTHEZHREL TS 22, Zhickd e
AR (EOR) JlH T722vy CO2 [EINGERfH THMH 25 kt/AFLL o CO2 23 [EIUR S ALt
PRI T E A SN2 E5E . IR BRI 500 kt/4F & L C, #EEREEIE 50 USA$/t-CO2 &
72%, [AERIZ DAC T 100 kt/fFELL Eookfi & FEEREH T 500 kt/FELL E CO2 [FIX D
Ay EBRZe U CHEBREEIT 35 USA$/4-CO2 & 725, 7235, 2026 4F 1 H 1 A £ Cloatsk % Bth
THZEREFUNED LTI, 45Q BlEMREZFER TX 501, MBikhisk 3 EER M L
THhHEFTI1I2FEMTH D,

RBINCIIEE RN H Y, 2022 4£ 8 A Inflation Reduction Act of 2022 12T 45Q FiEHEr:
WZEDA T 4 TEBIET DU TORNENEGEEN TN D, oL LA ICiE, CCS i
XL HAATHLPECHER 2 A FEvbiud DAC #iaka B B MEE SR D 2

RTINS,
- HiEFEY © 50 USA$/t-CO2 — 85 USA$/t-CO2
- CO2-EOR/EGR : 35 USA$/t-CO2 — 60 USA$/t-CO2
- (¥r?%) DAC+ CCS: 180 USA$/t-CO2
- (#r#%) DAC+CCU : 130 USA$/t-CO2

HIFT)  https://lwww.janus.co.jp/markets/environment/climate_change/ccus/2404/

(4) CO2 P HiHE R EE OBl a]

H—Ro T T4 7%, “BMEKRSE (CO2) HEHICH L CTitsfHiF L, miHA =X
L%l U CHEE 2 B3 A2, IRBEBUCARFR S D Mk T 7 o—F) & CO2 P&
B 1 (ETS, Emission Trading Scheme) (Zf8FE D HET 7m—F ), K&E< 2
&5, kT 7o —Fix, BUtZR ERMMERETT T 5 FE L TEET e —F T, B
HHOTHG T o 2220 TG TR SR E S D Z & 1272 5 27,

L. FETH—RUT T4 v TR EANINTHAE, BEEHCE D CO2 Jetid~A1
FRARARERY A RENTTH CO2 JEHZHIT 2 A 1AIc72 b Z &N FEIND,
ZORBREK 2.83.36 IZRT, ZOEKT, 5% 0 CCSEMENII—R T T4 7D
B & BECER LTV 5,

WorldBank i35 —R 7 F 4 L TRkl E~ vy 7R E TR LTS (42.3.37), 7=
ERD CO2 HEH 1 h 2 %7- 0 ORFMME Z X 2.3.38 1277, X TIIftFEMNe EU-ETC 1%
50 $ . EU 7% GHG Ml HIE 45| & LS 72 2020 4 12 H LI, 234 B5H L 60~90 €
ETHRE L T\ D,
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Figure 6. Possible gateways on the way to wide-scale deployment in a CCS policy framework

TeChrscal cemonstraton 4 Secrarspecic depioyment . Wide-scale doployment
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g ]
Fitst atesiy Second gateway Time
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® Frst cost threshokd m Infrastractare development
» Avallability of required u Availability of required.
stofage Capacity confitmed storage capacity confirmed:

2336 H—ARTFIFIA4 7L CCS a2x FDRA%E (IEA) 28
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S0 5 Regonyl Gresntouee G ot
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CARBON PRICES (2021)
® Corbon tox
& =
e
.:l;.!..3.‘)i:‘.'t.ltl:_;::!“.!lls:::l:.'::ib;-:l.;t.;;:;:z;':
B RS H T IR
it : 13} ajs £ii EEEERRREE RN TR ARS kil b i - id
B R L SRitiL AR IEL |
¢ 33{3 L
 § -
i; EU-ETS

% 2.3.38 [ERID CO2 HEH 1 R o272 0 DR FEAMEE (2021 4E) 29

InsoRkkEEREE X, BNETH GX (FV = T VAT —A—Tg) BHOT-
DOEERMERZ#Em L TR0, [EEMD—R 774 78 1L TGX U—
7 DEPERRIE IERICENT HEECE Lo b ooH D, AT E LTK 2.3.39 237
SN TEY | BAZIZANT TOEZOBAIER L T <, (3% BT /L¥—)T, IGX 3
BUZHENT 72 R 5 #HZ DWW T 2023 4E2 A 14 H) 30

(2) TREERED—KZT54{ 52 HRIBORR - KT

« PSRN SEL0F RN 1S0EMBO R ECX ENE RINS 551 XH, tOE
RICE) , FASESMRNEREEIS., LT ol R PNCER - 7.

o BIHCDIDZERARL, REIBRED ¥ ROl £SO TUG0, GXERREH el
LTSI A BOL T SRS T CORA 1 EHR ), S 109 [l 2096 PIBURO A 71
AR E R, FRIIOG €131 PIRG PRI C B AR (- BRI
FRGOR 7 FARS S TFADIR TS £ 39 St . JRM - BUZINIES —AIOCRU TUK,

VRBEERN-RZT 51450 (CP)ICESCXIREA o747

+ ARRESRCPC LR R EANIL, GXBLERIT - BEOMNMEE ) FAE 3,

+ BHICHAYSOTHC GXCIRDIBOIIME S T, TR - (RS BIB0MME RN
MICELE TP THA (ELRIBHSEAL, B251EY) 95558 Find,
= SIEMEEBH, GXICRATL CRDIBO BEEI A A T THH Santifa M.

<REH>
(l) GX‘J 7d)f“l§ﬂm-’gmgi’,wﬂﬁﬁlm'ﬂMMN)WH (2026 €~

¥ 2.3.39 GX EHUZMIT AT HOME (ke 30
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2. 3. 4 ST et 2 A2 EEELT S EFOB)N

(1) SEERICE T 2EF HOERE

FLEEERICB WL, a7 o 20 CEMEHR SN TR Y, kE DOE 2 FEED
BIERICBIT S 7o 2 x 0¥ —7 0 — 2T 5 2014 FFEEEZ WV ED T D,

Process Energy (TBtu), 2014

Process Heating

Applied Energy

Process End Use Losses

LEGEND: Fuel MW Steam B Electricity Applied Energy End Use Losses

X1 2.3.40 2014 FEXREOFRLERICBITA T OV ATRN T =T 0 —F AT 7T A
(HHFT @ >k[E DORE)

ks b, WiETrE AHICEASIILS = RLF—DF) 70%% Heating HTH Y |
Heating O R /LX—D 95%(F A F— L FI2ITREVN DAL TS, iE- T, F=DEk
JRE LT, BAEMEBENZRATLZ ENFRA > T, £ Scope 1 35 1O Scope 2 12 &
% CO2 HEHEARHT 5 Z LICBENR L L LTS,

(2) BEEERICBIT HEFIHOFERE

Wl L H— PGP R — TN S EEEZ T CHEME Lz 50 3 FERE 2 EHG 1o xkt
TOMEFE) OFMAERBRED &, 2019 FEFEEORMFTIZ I 2R E O CO2 HE
MR, WEARRIEEICR T, S, KBEREEER )60 Co2 HrEEN%
SVBHEE DB D CO2 HEH B O BTN B A RIEU S ) 7o B ZE 2R B D A & 72 o TV D,
FELIERIH T2, 3. 1) TRldiiEA20OTEZONFITEMT 5,

(3) BT 1 & 2 DEHEE LI

FBo0BJRE LT, EHEMENT 220 0maHIBc#Z <1Thbh Tk v, 2022 4 10 A
(2B S 7= Refining India” C, AR~ 0 v 22T 2 @HABRFOHREEZHFENT5 (&
% . https://ptqmagazines.digitalrefining.com/view/308030326/) ,
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7. Pyramid E&C £ “Reduction of carbon intensity in refining using electric reforming”
Pyramid E&C ft: (Pyramid Consulting Engineers) %, BT Bl &L O EHIZ W
\F. ”Electric reforming” Z B L7z, £OMEEX 2.3.41 IZR-7,

NICR® Electric Reformer

Design Pressure up to 225 Bar
Operating Temperature up to 1100°Celsius

* Lab scale tests successful for fixed bed and
Tubular configuration.

+ Pilot Test results expected in Q2/2023

] [3] (] @)

tificient Vodulor Cleon Iern CO, Imissions

2 wofticlent Comgoct and Reduced
than Fexitie At end cmw\
combustion condigurotions oot ond hence
heoters omittions no CO,

omissions

2.3.41 Pyramid E&C tL:D”Electric reforming”ffr
(AT : Pyramid E&C #1745 — A X— https://pyramidenc.com/)

[t RHET OB R AT 2B 2713, LFo@v

O WESES & L THEE XD EJRL 1KEJ§W47M%H% INDTD, JEE AT AFITH
12%D CO2 & EN D,

@ BT AHFO CO2 1%, BT AN GEEEN SN D CO2 DK 43%% HH TV
Do WHE ZNZFEINT D Z LITREENR R Fr LY Th D,

@ Pyramid E&C i, ISR E ) LG9 %5 Reactor @ Prototype
(NICR) % BA%&

@ B, Lab X—ATH 50349 90%. KD Reformer DFJ 40%ILb~<T, fRed
TENEEER, R O 10%I%, SISEROBERNH D1 A,

® AT 5 CO2 1L MHHIZEUNTE 2, B T A FITK 12% 5 415 CO2 DRI
ML L, R ERET 272 L, Bt T 21 L THIEFITHENRE D,

Z R LB 5 EEK, Tubular configuraion TORERTIL, iXFHEE : ~225 Bar,
R 0 ~1,100C T, BRARFRTHY, EELZ B LM 2y T R FORAAN
7RRE R, 2023 4F 2Q (2 B TIE,

WSRO E L DITLLTO®EY ,

Electric reforming |3, BREEZ 720728, SOx/NOx % —HIFAE I H22 0,
BRI 90%LL E T, 1@ O Reformer @ 40-45%Z T, (XD 2NN EW
FHAET D CO2 1L, BHEMTEEMRAL S dv, BmFER TR RIS =
JRI7A T4 A, msnERpEsn & L CRIERTRE,
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3. FL&®

AU TIE, BHAROTRIRE O L EBAE 2 RIS DT - THERR L T < 72, [ERR
WAt O ERSF SN Zme ., ERMREA 7 T 2 A R ORI HER L. £/, [FIRF
(2 2050 U —AR Y == — b T ZIaS T, ERNSGHET OB iR 2 X 0 72723 5 iR 1L
DI O DRIEREREAMT 2 IBIR L TEEICBATL TS WO BN TEEIO SR b
EHRUM PR DR IRI ) F6 L ONTEEMATIZ I 1T 5 CO2 ORI 72 HITBIZ B3 2 £ ffi@hm) )
ZHDICIHAE Z T o7z, HEMROESIILLTO®EY,

(1) & ERGHETSE OB R SBR[ 7o R R BRR E O 2L

2019 4 12 HiZx v hE e EEFZBKMNOATH KT THIH THRB L7z Repsol ZF U]V (2,
2020 EDOEI T LI, [FI4E 11 H Bl COP26 (Z1f)1) T, BN o R FAA RN T
* v hPrEEH L, £72. 2020 FEWEE) B D COVID-19 OHFRAYZ2MATICHE 5 A%
EcTory 72y ATEHIRIC LY, HERESHICEIT 5V = v MREH R & oa i i
BN, AR TR O KR % HIARIC L0 | FEORMETIIBE 2 Kiglck & X X5
2159 BEO—RHRIEITEV A E 72 BGNET & 2 < FICK Tl m Iz PASH 2 BT &
Aoz, —JC, BT 2 F3EE U, BRI mT 7otk x e BRI 728 & 4 2022 5
B BEME L TETEY . Ao AREOREERL I BT 2 BUIRE KO 4 84 L
7o FRICHAERRET 4 —B/LOAEEICE L Cd, HELISR LRSS o F ¥Rl L o1
EPLERAER & 7o T D,

S BT, HRE O R D8R N2 H 2 ZAk BN, h—Rr==2—1rF L i
RFEACITIANT 72 CO2 PEHENRICIN 2, REHVERE DO 7= O OFUEHEHIZ & © % 597, BHIARE
VOAWEFES DT T N EREa 72T T N LD AEEERY > TRV | PESE#HE, 1
YRR RIS I AN T N AR E T R Y = 7 RAIEL T D,

(2) 25 ES P o it bk 32 A A TR 55 4R
ARIETIL, A AIRBE IR AR REHERL S~ DR FH] & L CLLF D 6 & #RIT,
BT EICE R WVTRZ2 DN, EOr —RAIZB W TH F DM OB CTRE kT
DIREINTND,
« (17 4) Cresta Fund Management,”Braya Renewable Fuels
BB EDOT T, A" AV T 7 A5V —& LTHEHE
- (CKk[E) Marathon Petroleum Corp.”Martinez refinery
BOR - FIEZAMER LT, N4V 7745 U —ICHaf
- (CKIE) Phillips 66, Rodeo refinery
BUR - HIEAZAOTER LT, N4V 77 A F U —(THaH
« (77 > RA) TotalEnergies SE ~Grandpuits refinery
BEAF R D EACIT WA 1Y 722 AR S T | s i
- (£ > Fx7) Pertamina (KPI : Kilang Pertamina International)
ERE LT, o A PRBHE L E 4 H R
« (A4—A 71U 7) BPp.lc.Kwinana oil refinery
SEEZRBRT T =2 AO0ER L, RS ET | 25
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(3) BEEUHFTED S I N7 MR
A M D HE 72 588 NI d 2 22BN PTE. Ak 7 b (e L U REEBREOH
PEICEE LRI I INNTIL) ZEOIkc a7 T AL DEEHRY 2> TnbH L 2
A, ZOHRE LT, HRAOAMAYE, FHIA > REMHD & LR ETSICRW T, Al
rnis B O R FIC, AeB TGO EENEVEA R & 5 Z L8 b b, RETIE,
by 7 bR fifbiia 7 Y= 7 hE LTUTO 5 25,
- (FE) E®AIMIARA{EAT], PetroChina Guandong Petrochemical Jieyang Complex
AMFERERENOHR - AbfiE 72 Yz 7 F~Dlisi
- (FE) HEAMIAEA{EATF] PetroChina Guangxi Petrochemical Company
PR CcoORH - Alb—FRoEEL T 1y =7 FOHEE
- (#[E]) S-0il Corporation,”Onsan refinery
F o BREEM OAHMEG D AR ~D T b
« (R—Z > F) PKN ORLEN, Plock refinery
AL ELEE O R ) P iR
- (Y7 ZE7) Aramco (The Saudi Arabian Oil Company)  Al-Jubail refinery
KEB 2 amb a7 vy 7 2k

(4) CO2 34 & & 2 O R IR 3 2 SRR

2021 4EA R AR D CO2 FEAE 1T 33,000 Mton (330 (& k> 4E) T, 9 b, F1H (32%) .
bk (15%) . BN (10%). HAITK 108 b 4T 3.2%% 5 5, BAERBOWRIT, it
ROBAE BRI LZRBET, BEN 4 BRETRLEL. AMBLTT L Mg
WS CO2 FARIT 2%MRE T, El/ L LTI 20D, kkElo b oF4E CO2

(Scoped L FEXIND) ZMZ 5D E 2HRREL EE ) REREIEEHD D,

Fio, BAEEGMFT G 0 CO2 HetHix, #filnfig (FCC) ., 7R FIE, KBRIELEED D
OHPEHENRKE <, CO2 IO =i [HARREENORA I, 170 —rkFEOFIH],

[CCS HAff DA 2RI ANTZRF D BE ORI EE 25,

(5) EfAKFERERN/:E CO2 7V —IZ&T 5

LIRS BC BT, AKERIAEIE NZE 2 U 4 Tid 2021 4F 41 Mt 23 2030 4 26
Mt & T35 —J., STEPS v+ U4 (STEPS : Stated Policies Scenario, ZAZEBIR
FUA) TIH4TMt &SN L T\ 5, BLFERIZIZ STEPS & NZE o) s 2 AT
BT D AREMERE N EEZ LN, ZONH TONLERKFZILT L—KEND T —
KFBHDLNLZ Y — U KBADEEMIDRLINTEDONDL 2 ENTRISNATND, A
BREE E-fuels DRGEICHEH S5 EME (7 ) — 2 KERGE) Hkix, 70 VAL PEM |
SOEC 7 BIZ/ S, TN ENORECMEEL £ & T,

I, TV = AKRFEMMIFTNTIER T2 L2 HEETUTO Y0y =7 &I,
« (F1 ) Shell - Rheinland #3ilifT REFHYNE
- (FA ) Klesch, Heide B AT

WESTKUSTE100,”HySCALE100,KEROSyN100 ® 3 7V mr ¥ =7 k

70



FTo. BIRIERA =N —OBNMFITOWTELILLTO®Y

- 2030 Lo, BUROK 10 GW 025, 60 GW BIZHIR, £ ONERIX, EU & H[ET
THEIDND 8EIE HD D,

- BRI 2 A 7k, HARREVE TRL O@ W7V h U BN Y a5 A 5 D23, A%
PEM »EI& &2 MiE4, SOEC 13k % 1232 H EAYD 2030 4E121% 5% FLE

-+ 2030 4=, FENL, BIEFRENICIT EU 200 BRIV R —, 24 7L LT v b U E
fRANE & AL, REBRLERANIC L 2K a A h3A L E 2 bivd, EU L, 2R LA
PEDE PEM NA&HNCT VA U 282 5 JiATr,

(6) CO2 WX + [FXR° CO2 HEBFs A2 S HEHY CO2 ZHIs3~ 2 it
IEA ® NZE vV Ai2BiF 5 CO2 REEODEIEKDOHBE L& ¥ —DHBIZL D &
2050 fEM I CO2 BABN Y RIZALRVWWDIL, TELEREs ¥—Tho, 2Tt
T DI, X AT 47 viarE LT BECCS<° DACS NILEL 25,
BUEB T D CCS i D RHT, RRA ARLEITMFET 2D Th o7y, H5#%ITKHE
BEALF - =& ) — VRGBT 2 3% 0E 72 O NS RIR T A - A RIZ L B 5 ERfm O
BB I Z < 2D T ENRAIAEND, e aiiEi 77 o FEEE Tl AKBRIENFLY L,
T VH LD Porthos 7Y =7 MNENEITF S5,
72¥5, CO2 WU » [NHAN X, W « BEEDEW D RKE < 6 F (LWL, Pk
I - W, BREREE, BEoyEE, TR TEE. DAC) (IS, —EFEAMESNE R D ain
HATHWDEDLEH L), BATLERITIHET X MEAKRERBEEEbATWS, Wb
PE AT Ao CO2 W72 ETHlE L. /L7 CO2 Z S Tl 2 7 mt 2t
2%,
ARIETIL, AT 5 CO2 WY - [EINBIEDOFH] & L CTLL T &2/,
« 2T )VH LD Porthos 1= 7 b (Shell/Pernis £l 2 &7 4 oD CO2 HEH
%)
- Honeywell UOP @ #jitifTBsE CO2 WRIX - [AIUXELffy
- TCM #t : 77 7 v ¥—+%& > % —Mongstad

(7) BOhpT 7 v 2 2 EEET D 8o @ mn

KEDOE D7 AT AKX =T 0 —F AT 7T AL D e WETmEAHITRAS

LD T HILF—DH) T0%1% Heating I TH V| Heating HHDO = R/LF—D 95%X A F — L

FIIBREN BN TS, #-o T, FEo0BJRE LT, HAEEEBNZFATL Z &0

BHET, I Scope 1 3 LN Scope 21285 CO2 HEHEZIRT 2 2 LIC¥B35E LT

Wb,

ARETIE, AMER T 122280 T, =0 & U CHAFBEE ) O ARG F &

L TR & #R T,

» Pyramid E&C #1: “Reduction of carbon intensity in refining using electric reforming”
UM AT O PR B O FEBLZ AT, “Electric reforming” % B %
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D BLERE., Th—Rr U4 7L CO2 BB AN - MBSO B &l B
2022, 2022

2) REFEEE (METD, 2050 40 —R >y =a— TS 7Y — B EIg (2021
#6418 H)

3) HRIRIE, TR AR, FRAANE, TRUMPTEEMER O T ke CO2 HEHE), b
nT w7, %45 8% 17, PP21-28 (2022)

4) IEA, Global Hydrogen Review 2021

5) IEA, Energy Technology Perspectives 2023

6) IEA, Global Hydrogen Review 2022

7) IEA Hydrogen projects database public version 2022, https://www.iea.org/data-and-
statistics/data-product/hydrogen-projects-database

8) IRENA, MAKING THE BREAKTHROUGH, “Green hydrogen policies and
technology costs” (2021)

9) METI &R~ /L —JT, KRB INEBS /7 F =7 ERRBIREIBOR N B S
Al (20214512 A 13 A)

10) BloombergNEF, “Hydrogen Economy Outlook Key messages”, March 30, 2020

11) Oxford Institute for Energy Studies, “Cost-competitive green hydrogen: how to
lower the cost of electrolysers?”, Jan. 2022

12) IRENA, “Hydrogen series Part 2: Green Hydrogen Cost Reduction: Scaling up
Electrolysers to Meet the 1.5°C Climate Goal”, March 2021

13) ARENA, “Commercial Readiness Index for Renewable Energy Sectors”, 2014

14) IRENA, “Making the breakthrough: Green hydrogen policies and technology costs”
(2021)

15) Power-to-X market overview; https:/power-to-x.de/power-to-x-market-overview-92-
electrolyzers-from-17-manufacturers/

16) Global CCS Institute, “Global Status of CCS 2021”

17) METI FEEEANERBER, (24T 4 7= v a VEIRICOWT), 202242 A

18) Global CCS Institute, “Global Status of CCS 2022”. 2022 4 11 A

19) Global CCS Institute, “TECHNICAL REPORT, STATE OF THE ART - CCS
TECHNOLOGIES 2022~

20) Global CCS Institute, “Technology Readiness and Costs of CCS”, March 2021

21) Gaffney Cline & AFRY, ” CCUS deployment challenges and opportunities for the
GCC”, Jan. 2022

22) Global CCS Institute, [GCCSI A > %A h& T AL X U —:45Q R THR LSRN
72 CCSFrfbBln A 27 ¢ 7], 202143 H 24 H

23) IEA, “Direct Air Capture, A key technology for net zero”, April 2022
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24) N. McQueen, J. Wilcox et. al., Prog. Energy 3 (2021) 032001
“A review of direct air capture (DAC): scaling up commercial technologies and
innovating for the future”
25) G. Leonzio et. al., Appl. Sci. 2022, 12, 8321
“Analysis of Technologies for Carbon Dioxide Capture from the Air”
26) Energy Transitions Commission (ETC), “Carbon Capture, Utilisation and Storage in
the Energy Transition: Vital but Limited”, Nov. 2022
27) JETRO (HAHE GRS . TR TEANEL D —R T T4 07 (HifR) R
FPL, PR ERGIHEOBMR) . 202149 H 10 A
28) IEA, “Global Action to Advance Carbon Capture and Storage”, 2013
29) World Bank Carbon Pricing 2021,
https://carbonpricingdashboard.worldbank.org/map_data
30) METI &= /L% —7, [GX FEBUZ M 72 AT EHI OV TS, 202342 H 14 H
https://www.enecho.meti.go.jp/category/others/gx/
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2022 F 6 A% 11 @ B BAREITRZE #WE= Concawe i

JPEC 2 EEHp

1. #=
JPEC sttt & o—>o & L HAMEHEZ EMiL 72,6 H 16 H.17 HIC 2> 1F Concawe
(“Conservation of Clean Air and Water in Europe”) & it L 72 1E5HRIEHNE %, LU T O v ik
j— 5 o

2. HE: 5P &, 7o 77 L
(1) HF: 20224 6H 16 H (K) PM—6 H 17TH (&)
(2) % : Concawe HFHTR#E (7)) 2y kL)
(3) &
SHNE, oS L LT, BMMEBAR»LOFRERETET Y 2 v 2L HRBUNBIHRM2 > 02 %
i L7z, (36 H 16 HD &)
+ Concawe Mr. John Cooper, Director General
Mr. Jean Marc Sohier, Concawe Director

Ms. Alessandro Bartelloni, FuelsEurope Director ft 7 %

OXBUNZEEZ R (DG Move) Dr. Alex VOLKERY

- XEU HARBUFZRSES AH—EFELE

- ¥JETRO 7'V = v &b ZHXE

- XHMRERw 2 v & — B AR

- JPEC FFHES, POARER., WAmiE. CHEVL EHTER

(4) 777 A

Time Speaker Topic
15:00 M. John Cooper Director General Welcome and general introduction
M. Jean-Marc Sohier Science Director, Concawe Welcome and objectives of the conference
15:20 [M. Yusuke Mochida Senior Managing Director Opening Remarks from JPEC
| 15:20 | 16:00 |Keynote Speaker => M. Axel VOLKERY (DG MOVE) Decarbonisation strategies for transport

Session 1 Industry overview and long term vision

16:15 | 1620 |Jean-Marc Sohier Concawe Concawe driving forces and work Program

16:30 | 16:50 |Yusuke Mochida JPEC Recent Trends in Japan‘s Energy Policy

Session 2 Alternative fuels and circularity, research activities

17:10 | 1730 |Alba Soler Concawe Biomass availability and BioDiversity

17:30 | 17:55 |Yusuke Mochida IPEC Outline of JPEC and its Advanf:e Technology & Research Institute
About it's open after renovation in September 2021




FRIDAY 17th June

Session 3 Industry Decarbonisation and emissions _ Refineries and Transport

9:00 9:30 [Jun Akimoto JPEC Petroleomics Technology & Plastics Resources Recycling Laboratories
9:30 9:50 |Kazuhiro Inamura JPEC Synthetic Fuels Research Laboratory
10:15 | 1045 |Giuseppe Valastro Concawe Air Quality -> "Ambient Air Quality Directive compliance" (vs. new WHO guidelines)"
10:45 | 11:05 |Jean-Marc Sohier Concawe Fit for 55 analysis
11:20 | 11:50 |Roland Dauphin Concawe Evaluation of plug-in hybrid vehicles in real-world conditions + LCA simulator demonstration
11:50 | 12:10 |Roland Dauphin Concawe Optimal electrification of passenger cars in a battery-constrained environment
12:10 | 1230 |Alba Soler Concawe e-Fuels study
12:30 | 13:00 |Jun Akimoto JPEC Concept of the future refining industry, the Roadmap toward decarbonisation
S 4 Policy, regulation and other strategic activities
14:10 | 1420 |Emanuela Sardellitti FuelsEurope FuelsEurope activities and priorities
14:20 | 14:55 |Jean-Pierre Debruxelles FuelsEurope EU ETS and CBAM
14:55 | 1525 |Kazuhiro Inamura JPEC Policy and technical challenges for carbon neutral energies in Japan
15:25 | 15:55 |Marta Yugo FuelsEurope Transport fuels, Policy and regulation
15:55 Wrap-up, conclusion
16:15 |End

(J) JPEC, (C) Concawe

Ed»b

(J) Yuki Ikama, (C) Damien Valdenaire, (J) Toshikatsu Hikita, (C) John Cooper, (C) Alba Soler,
(C) Giuseppe Valastro, (J) Jun Akimoto, (C) Roland Dauphin, (J) Kazuhiro Inamura,

(C) Jean-Marc Sohier, (J) Yusuke Mochida



3. W&
(1) fHfeaHE
[7 —~] Transition to a climate-neutral economy: decarbonisation strategies for transport (and

industry)
[#3# ] Dr. Axel Volkery, Deputy Head of Unit “Sustainable and Intelligent Transport”

Directorate General for Mobility and Transport European Commission

O BKIMZ ) —v T 4 —VOPFARICE T 2 FER M L LT, [Sustainable and Smart Mobility
Strategy | (Fift il A~ — b Y 7 1 ¥kMK) | [Fit for 55 (2021 4 7 A) & [Repower EU |
(2022 F 6 H) DIREMIEICOWTHIALS 5 7=,
Feferlge e v ) 7 4 BRBgIC B Cid, IO 1 D 3IEFICHHECH v . EmEiiic s
T, SERICH L BN IIE~ D KB 1T 2D 2 2510 SRR BEITFRE ICRER 2 TD
FibtrlRe BRI L ETH 5,
Lo Ly WY — v 7 4 — v B A @RI Cid® 2 &, 2050 4F @M o HEH
HE 90%HIK S 2 LEARH Y, IEFHICKELZFEL LoTw 5,

Sustainable and Smart Mobility Strategy

A MORE RESILIE SINGLE EUROPEAN
TRANSPORT AREA: FOR INCLUSIVE CONNECTIVITY

ACHIEVING SEAMLESS, SAFE

AND EFFICIENT CONNECTIVITY

AN IRREVERSIBLE SHIFT TO
ZERO-EMISSION MOBILITY

° Reinforced Single Market:

. Seamless multimodal transport
- more investment in infrastructure and fleets;

‘ 90 % reduction in transport emissions;
based on digital solutions;
- deepening and enforcing internal market;

o All transport modes are made ° Unleash full potential of data; - making our system crisis proof.

more sustainable;
° Fair and just mobility (that is affordable

. Develop and deploy connected, cooperative,
and accessible);

@ sustainable attermatives are available;
and automated mobility services;

‘ Right incentives are in place for

Enhanced safety and securit
Sittainabls thoias e Paperless freight transport in favour of fast, . y Y

digital procedures.
m European
Commission

Z DFy, 2030 FF TOHEH & HAN—FT XL, RYIDENA =T F 7L LT [Fit for 55
EIRIELZ, 2 X b, mERAT R E LY 55%HITK 3 2 BRI BERHH A %2 53K
XHL-DIFEmMBPED SN TWD,



Climate Fit for 55 package
Social - 4
Fod ) (14 July 2021)
Emissions lrading\‘\ Gaiton
forroad transport - Foider 3
and ki / \\ Hiethatien + Implementation of
,/ EU_Emissions \
§ ot power i, ) European Green
it \ "ion /ey Deal
—8 Change, and ;- -8 Taxation
\ Forestry / X 3 Directive / P .
e " / Fit for T « Bring EU policy
szt \ EE \ Dreans framework in line
\ o w2 / A\ % 5 - . i
> Shaina i) § "ty ) , with climate objective
Regulation  / Directive 0, H 1
: /' Ateratne o of -55% emissions by
Infraz‘(‘tel:iture ,\ i 2030
i co2 \_ Regulation E ll
ki -Z;:L-.H ; > emissions  \ / FuelEU [ ,Wl’
-«’"’3‘;‘\; & e ) Sy Wi . 13 initiatives, of
- "/ RerweEs which 11 with direct
ozt effects on transport

B L 72 8% & L Cid. m > 72 b oLkl AMKEHI % Hi5 L . [REPowerEU | &
LT, Ao AN —, ZALF—HEoLkt, HEMREZ AL —DEADEE o7z
STEOBMILEIRE L 72, FAEREKE L A A A 2 i3, #HLWHEREE X 1, 2030 £
¥ TIC 2,000 /7 F v OFAERTREKE (1,000 /7 b VENAEFE, 1,000 7 VEA) EA,

RePowerEU: joint action for more affordable, secure and
sustainable energy (March/May 2022)

+ Terminating dependence on fossil fuel imports from Russia well before 2030:
* energy savings
« diversification of energy supplies
» accelerated rollout of renewable energy

« Strong link with the Recovery and Resilience Facility

+ Scaling up and speeding up of renewable energy:

 increase the headline target for renewables from 40 to 45 % for 2030 (plus RFNBOs 75% in
industry and 5 % in transport)

« 10 million tonnes of domestic renewable hydrogen and 10 million tonnes of imports by 2030
* Increase production of biomethane to 35bcm by 2030
+ Taking sectoral action
» E.g. Green Freight Package in Transport in 2023
« E.g objective to increase hydrogen electrolyser capacity ten-fold — electrolyser partnership

+ Taking international action: task force for joint hydrogen and gas purchasing, three main
hydrogen corridors, international partnerships

EU 2 8&fEH» b 3 — v v N2l ¢, COVID XV 7 I v 7025 DREATICHILT 5 7=
DICEKIE L 72 RBERIRE B Td H 0, EU ZBLPIREFHHO NE 2R T 52, &T
OIMBRENL, EFREEFEZEE L 2 ThIE7R 5 e,

@ EU N, ERSEEE o
WEBUERL BT L WEERTIR O EED Pz &0 @2 it 32 ic, Ny 7V =7
TATVARCKKET 74T v A%, L OMO AR RINTE L,
KRR DB AICBI L T FuelsEurope & E-fuels Alliance % H1.[» & L Tlthe Renewable
& Low-Carbon Liquid Fuel Platform| 234&) L CTv»% (RLCF Alliance), fifi2e & #EEAMM %
4



1) 8 &g By AT A L Refe nT RE A B REL & B 3 2 72 0 1T SR > & 4 B R T 12
Haml, WEOREEZXZ ZEEZEMELTEY, 712 KHE—HAEERTFEINTWE, HA
DODHEMLTE, FA—F v A Lo T3,

SUSTAINABLE & SMART
MOBILITY STRATEGY

Alternative fuels propulsion systems

Aviation + Waterborne transport Road + Rall

Zero-Emission Aircraft
Alliance

o |

RLCF Alliance

s | Battery Alliance i
: = i !
Sustainable Alte_matwe ! Battery Electric !
Power for Shipping e e i e
Hydrogen Alliance {

< i
S :

1 I

1 ] s

: ; Derivatives (Ammonia) H

1 I

I

I

|

|

Bio Fuels

https://transport.ec.europa.eu/transport-themes/clean-transport-urban-
transport/alternative-fuels-sustainable-mobility-europe/renewable-and-low-carbon-fuels-

value-chain-industrial-alliance_en

@ HEEULKICHBITBRESTar v b

(KB (HDV) #9313 2 Bk EEAfr o 75 ki ic 2w ]
KBEICOWTIE, FHEFREINR E 25 CO2 PEH 7 2 HH O SETR D el 25D & 1
THY, 2022 FRICWEMMBEES I VIREINIABLTH S, T2, FBEBRELRE
HOMH CTHED 2 LERH 2 F TR L TH Y| fREHEICOWTIL, @i ~o T 4 E
AEIE %8 L 72 FERTRE = o4 L ¥ — 455 2 BhICKIHI 237 41, [Fitfor 55) 12 &1 % 2%
BWN—2A L5,
PR FEALHANT IF. BB & LTIE 2030 FEFE CICAFAREL BbN 3 FEE I TIRATEH .,
HDV ©%56, Ny 7 U —5 5 LNG, ¥4 ABREL WAL AR & BLCER 4 Bl o3 M AT RE ©
HYH, INoLDMAEDbEICRELEZ TS,

GimEER I 351 2 LR E BN D ST A IC D v T
FREETITIC B0 b T LB L DR OB O Bk 4 T EIR S L) B,
SE LT ML, FIF 4 2 BRI X V. LNG, 7 v E= THERIEIIELA TH Y |
[FUEL EU Maritime ] IC &5 W Cld, HEEELZM Lo r v F—(HHRY %Y © GHG 74
L L, Biffipartea B L 2ikEt e LTw 3,

(BfticfiHE N Ny 7 ) —FERO AFAlgEM: Ic o »w ]
RERPEEFHL THY | BMNBEEICE W TIE, KBRS CFEME o0 E E L FFEE o
HE A Y (Raw material alliance), FEFER 75— F—> v 7L b K> T 3,



Tz, WES . V3 A 7V icBAS 2 BP0 i BIGIR 2 2B L. 2L MR ol E
IS THANRAG I X 2 RIA 2 e R & REFERIOEH. V94 2 voizfin b
DHLY f AL Z X > T 5,
GiEiginEER M o Btk B IC B 1 % e-fuels DIEEIC DWW T]

BREDOT 7n—F 1%, BUFICD 7z 2iamOfR. 7 — A" Thborufiilit hoTwna
Fy, MR E K BEANE EV EREEME CH 0 | FEEICITEAMT T Tl R v, oo
HIJR D ERE L T 2%, FEE BTz HUE L2 8fl<cd 7,
RO BOIR YT U AT, 2030 FEORAHEMGD 5B, EV 25 THA, TV Y VHEHRE 1
B8 THEDHIAATHS, TV VHICIEH B AA efuels ZFIHT 2FH 1L TE, CO2 HE
HAKETIEA L wdS, FEEIALF —EHDIL TR, WL R>TWn3, /-,
IV VHICHT 52 —n 7THIEOMERIED LN TNEDHZDDTH S,

—  Concawe 2> 53, &b —n 7 D& AIC X b EHlflitg2 EF L, Bl AN 2 3 E )8

EL 72 ) AR EOBAMBARL 25 (BRIMNBESBE T 2w > U 4) Rip4ETnoo

HroTlEE LEBSEERL -,

(2) Session1 25
[7—-] Challenges Mission Strategy Priorities
[¥3#] Mr. Jean Marc Sohier, Concawe Director ~ (TotalEnergies 7> & Hi[a])

Concawe & L COMMBSHIH 2 H AR T 2 RIFICH L Co#F 2 75 % 5itH

(3 B )
Bz L FCELTE 2o TaT e Cnb, 7Y —vEHOEAC, il
BEROAL LT AN F—EHREE L L b, EERICKLE L & 28 ) TFEHE-C,
FERMEVEE R BEIMOT v 7 7L — FHICOWTHREZED TV 3,
BLmATE o ETS (FEHAERGHIE) . CBAM (REEBFIEA =X L) oFiHcown
TGt ZED TET WD,

€2
FEHE & KA D 2 — v 7 Bl 0 E A D2 ERHliic o v Tl Tk 0 IEF ICL L VB &
b RIAB DL, FERTE R RDRBEIZAH S,

[(K&E]
PEREPEH 7 25 CERBEARER A ZE OO VUG SN TEL o TH Y | % OBl
IZOWT, H L WiERWE OBl o B ECEIhio 2 v 754 7 v A ARRF L AL F —
~DBIT. HHOBRSHHEDHIc O T H AR AT A TV 3,

[#M] Reach
BRINIC 35 CTld, FRfErTREE D 72 0 O L L EYVE I A ET S hCTs ) BiE,. %<0
TN T 5, 2023 FFICIIRPIDHERERNTE 32 TiEL Ko T 5,
BREMILIE 247 9 BEETRM & L, "o ) 27 iCBb 2 IEFICHEEATRTH 205, 2k
<., SO, BECERE~OHEICOWTHT Y, ERNTHERSMEZ LT T\
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Vo HARDERS WY —F O, 5%, CO5THmE T 2ROV TE K,

Strategic topics addressing Climate, Environmental &
Health impact of Refining Industry

Refineries Euels
Electrification & Green Power Reguirement ¥ Euro 7/VIl evaluation
Conventional Refining syst. Adaptation ¥ Constrained environment: Systemic evaluations of

Z transport solutions
Low Carbon Feedstocks, Fuels & Technologies .
o Light-duty (incl. Fuel specs and renawable fuels)

Life Cycle Analysis of current and future fuels
© Heavy duty (incl. Fuel specs)

L T

Refining & Transport . .
©  Maritime and aviation

Yo Ei & CEaM. fvpliion Sdmpiicatians © Gaseous fuels (L/C-NG, H2, NH3}
( NG, H2, NH3)

v Energy supply ¥ / Security
{uding reacwable ctectricity for e-fuels

¥ Road fuel surveys

Air Quality Toxicity
¥ Industrial Emissions Directive (IED) and EPRTR ¥ Chemical Strategy for sustainability
¥ REF BREF ¥ _Revision of REACH
¥ Ambient Air Quality Directive (AAQD) ¥ New endpoints ; terrestrial toxicity, endocrine disruptor
¥ Compliance at Refinery Sites (ED), neurotoxicant, immunotoxicant, Persistant,
L g = s Bioaccumulative/Mobile and Toxic (PBT/vPvB/PMT/
© Low Carbon Energy Transition
vPvM)
© AQand Climate Links ¥ Animal Testing program for Health and Environment
© Natural events and biogenic emissions © Development of New and Alternative methods

(NAM)

(3) Session 2 2> &
[7—-~] Alook into sustainable biomass availability in the EU towards 2050.

A deep dive into the biodiversity impact Challenges Mission Strategy Priorities
[¥3#] Ms. Alba Soler, Concawe  (Repsol 2> & Hilfl, Marta ® %)

@ 2050 FOBRINIC BT 254 A~ ZJFRFF AT REE I D CiFRL
275 0 : EU Commission: 2030 Climate Target Plan
https://ec.europa.eu/clima/eu-action/european-green-deal/2030-climate-target-plan_en
%% 1 : Transition towards Low Carbon Fuels by 2050 (Concawe-HP A & D 1&#R)
https://www.concawe.eu/wp-content/uploads/Rpt_21-7.pdf
2% 2 : Concawe-HP T[4 DGR (2021 48 H)
https://www.concawe.eu/publication/sustainable-biomass-availability-in-the-eu-to-2050/
GEED|
(Bt REZ S 4 A~ X F R ORI ATEYE (REDIT @ IX ~¥— F A/B) (%, 2030~2050 4FIC
20T, EEE B 0N AREITREZ TR TE 5,
—  Concawe DENNA A~ 2« v F U4 (HARL) ICBWT, @M 0N 4 A RRVEE I i3+
DIEFHRARE R ANA R« BT v v ABH Y WA (F110%) 2EET 2 L. K4 4~ 2F]
FARTREME S F ) A T HIKITERLTRETH 5,
(EU BN DELER 2 Rkt FTRE N A A~ 2 M AlREE]
ETONA AR 7 2 —D (R, W, A FBEREY) OAFHIL 2030/2050 4 %
TIC 400-530 Mtoely & 7% (&~ 7 U A), (2030/2050 12 50-60 Mtoe DB A
ZERE L 720)
NAF I ANVF—HMICE T 2 EU HANOBLER L fikt v RE N A A4 ~ 2 FI Al RE & 13,
7



2030/2050 fFF TIZ 215-370 Mtoely (K~@E>FVA4) TH 3,
E B LS (B, 2. 135)%%@?) DA A= R JFRE %? (5K 175 Mtoely) &7 L 5|

i B DR RN R (3

i}b/@f% 5%%}: &07’1—0

2050 FTCONAARBIFE (&95-351)

Wi BETd ., Concawe FHIE
s MVEAS N
2050 FTOENXFAMN RIAAL (ARERIRER!)
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EU Commission: 2030 Climate Target Plan

17.9.2020 Commission Communication COM(2020) 562 final
Fig.63 (Left) and Fig. 77 (Right) @ 2030_climate_target_plan_figures_en.xlsx

0 50 100 150

2050, in Mtoe
Concawe
S 215-370
83 Mtoe/y
ES S !
= biomass
= (estimated
E domestic
e EU biomass
& for
£ b
E s ioenergy)
g F

e T

W Agriculture  ® Forestry

200 250 300 350 400 450 500

Wastes




Enough sustainable biomass for road, aviation and marine biofuels

Three 1.5-C demand scenarios exploring different penetration of LCF into Transport

e ——

& BioFUES
[1): Blomass imports potential In 2030: 50 Mtoe/fy (20 Miosfy of blofusls) Contawes Ieenenios (2050]

£OM aliacanon 1o ather Bioenergy secters {130 Moy} would imply ~S0 Mroe/y of tiofusls R Lo Ryl e
-~ Fefuels / % bofgels

ts potential In 2050: 60 Mtoefy {~30 Mzoefy of biofuels)
other bigenergy sectors (170 Mtos/y] would Imply =120

[FHE])
FIART vy 2RI 5720103, BIEYOIEKE LB 30E O £ & FEkC,
XL AR 7594 F = — VORRBBETDH b,
@ EMLREE~ DB (5 )

NA X R FFET B IO ICHEREZMA L 256, I D XS B r 52 50 %5
WI2HEZHWIC, ¥ 774 F=—v EURICBET 20 2D TH Y. 2022 FFRICITAEKT

ELTETH S,
@ HEILELLOEHa AV
[ R D 2050 4FE o ffEE| &I o)

2050 4F i) By 1A HE R BB FRZE O 50% 3 2 % N4 ARk L e-fuels k*ﬁﬂz LTWw3, 4y)
I, SAFRE 7T v b B E HVO) 23 d R D BARHET 25, Rk o — R4 F

< RAFEENC X B3 77 v P, X 51T 2035 LRI e-fuels 7T ~ b @ﬁ)\fb fE 4 2050 FEHFE T,
tlm— 2% & efuels # A A VICHHY T BEFERENICET 2 L OHREDHHR ER> T3, (TH)

LCLF #FHT5 M, IREEEREL 20~504 (& 75018, met0m)

e 2030 | 2055 | 0 | 1050 e
LCLFiE(ER | | |~ = { " [ W‘ W
o " a0 T ] R A |
z W77/ Ftefiels) | ~0 | ~130 |~ | ~T60 H | \ Z

TT :‘ |

I o -
X | I
I o f | i i
skl LARRL
-0 00 —0 -0 O.J'J? ? rI‘,‘nrln N Wh Mih An Mih nn‘ﬂnwrn‘ﬂmrmn‘nn‘nﬂ n @in mlin akn

2034 3 8 40 2041 2042

WFf:Concawe |



(4) Session 3 2> 5
[7—=] Air Quality -> "Ambient Air Quality Directive compliance" (vs. new WHO guidelines)"
[#3%#%] Mr. Giuseppe Valastro, Concawe  (Air Quality. EM 7> & i)

O Concawe D RKVEUWE~DELY fHAH
HRFAME LUGET 2720 ICEICUTOKE 7oy =7 F 2D Tw 23,

R D NOx ORAFR AR T 27201, a—a v O FEAFTHICHE S W
REEHEDIERER Y — V2 RAE L. 2 %21T> T %,
MEECHLZEERF 2 & O P A KR I ) E 38 A
FEEEERFTIC s W TE, RAEGIYEREDHED  — X — KR4 7 —dkoPEHHIE F ¥ v~
— v DFE
wHHEIC BT 2 “RIGRWE ORE DT + — G RWE (NOx . HREEERILAY (V
00)) DFRAERIKRSFMIC XV ELAINE D, fafEL LAY VE~DFEE GV EZ ST L
T3, Joint Research Centre (JRC) & HEEEL T\ 5,

@ W I 1T 2 KA B O BEEH A & B S )
- BREERSE RS
7Y =T 4 —NVIRPIDOWESRD 2022 FO2 ICREI N ML TH 5, X Y EE R
BEBE (WHO) I X 2 KRG REPEH 0 BEEfE (2021 9 AXR) iE WAl e 22 BdL,
- I ERE O 5 O OIEEHRYE ORI -
NOx, SOx, PM. 2% v, VOC., 7 vE=7 O ED LR HH & h, mEEEC 2029
FECOPEHFIHENFESI N TS,
- EB
- FEFEE M O e R -
SHDERP AT N EHMNC BT RWKFET vy = 7 + BHEHERGICEE Y 5 2 5 7]
2By, EHTREFRL Vv PEEZ LN,

WHO 2021 AIR QUALITY GUIDELINES
WHO 2005 |AAQLV |Excedances Interim 1 Interim 2 Interim 3 Interim 4 |AQG Level
Se= 7]
LA S
PM2.5 pg/m3 Annual 10 25 35 25 15 10 5
Daily 25 2 75 50 37,5 25 15
PM10  pg/m3 Annual 20 40 70 50 30 20 15
Daily 50 50 35 Days a year 150 100 75 50 45
03 pg/m3 Peak Season 100 70 - - 60
8 hours 100 120 |75Daysin 3years 160 120 100
NO2 Hg/m3 Annual 40 40 40 30 20 - 10
Daily 200 200 |18 Days a year 120 50 - - 25
502 Hgim3 Daily 20 125 125 50 40 - 40
co mg/m3 Daily T 4
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@ BMics Tz RAE08IR (2019 4F)

NOx #fflicd 2 & 7uay b INFHERICONT, HEDORME (1 HA—FLH7D 40 <

A0 T L) Tid93.5%BHEHL Tn252, WHO #HTHEM (10~427uvur7L56) L33
EEAEIT19% L 7m0, PMICOWTHFEIEE GRIK 25/798%—#HTHIE 5,/3%) TH 5, BUE

VEDOBICIIERETREIRTH S,
@ GBI AV
[FPEEE M o e | o HEH El G i o w ]

NOx Tli Ak Z & &% 5o 2 EKEERM (2019 5 39%) ITOWT, BINEESD

2050 FEDEFT AT — ATl 10.9% & 7t > CH Y . [FEMAREIHEELIT S KX /n
&Of‘l‘%o

PM ic oW T, FE2 5 o mADOES (53%) L7-> Tk D, 2050 £E (A 1) T H

&

WS 2R3, RERRE 2 UEAEHcE 2 iz, TRAZEXICEEIZ 5 2 L TilERED
RiAEns, ~AF¥F—Tlk, BEHAA A e — X =23 FLINICEILI NS FiAR L 7n o

T,

PM D HER A A LUSL DFEEE| ST 0T, BEEESM (247 L —F) o

0% &M ENTEY Z0FHEGIIKRE W, (EV TH 2O L nialgElER)

(5) Session3 2>5H

[7—~1 Fit for 55 modelling
[533#& ] Mr. Jean-Marc Sohier, Concawe

(O RED (Renewable Energy Directive, FHER[RET AL ¥ —f55) DA v o¥27

RED I (2009), Rev. RED I(2015), RED IT (2018) #5484 iC & v 4 ABkHELE B 12 2

LC&E7, HEL LTHEMTH - 72,

| | 28 Total Biofusls Volume
kb/d ’
700 | =—=EU 28 Total Ethanol Volume RED 1I: Volume up by
- 16% (2020-'30) or 80 kbd!
EL! 28 Total Biodiese| Volume ol
500 o
500
2
400 a0
2009 RED-|
2020-RE:10%
300 2018 RED-II
T 2030-RE:14%, Adv. Bio: 3.5%
200 Rev.RED-I
< 2015
100 / ‘//—’__
D L
D & oo DD 0 W W LD R A At O D LD
0P S e e NG N n ol D ok att af af o
R FFE R RPPREPRPP PP PP
Sounes” Wood Mackenzie

(=¥

PN
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@ 7Y vy

[Fit for 55] OFEFHiL L <. 9. EREEHEIHMTIC OV 0D F Y A %ER L,

Bl Rt T o FiE LiIcowT, EVOEASLHBKE D = 4 v ¥ —%Eom £, ~ 4
TV FEeTITTAvnAT )y FOBADED TR L7, £7-. [Fitfor 55] OHIEEL
LT, fiZe & HERMT~ 02, FAETRET AL X —459 OWET & PRI [H 5 0 ESF & v
S BHEEHERL T\ 5,

® JEEEE © BB

CO2 HEH MM (2030 4E AB5%) %7 THHIEFRGE ZHE L 32 &, 2030 FE A X
BEV (N 5V —RELQHEBHE) 2311% (2,900 HTEMHY)., 7774 v A4 7Y » FER
5%(1,200 T EMHY). AEt4,100 TE EHEHIE NS,

@ JEEERE - e

#iEE [ReFuelEU Aviation| 1€ Tf&/R & #1172 SAF (RED Annex IX Part A) & RFNBO

(RED Annex Part B) OE ARG Z KM+ T\w5, 72, 2019 F£D JET AEHERFEE 48
B b v~ % 2024 L L, LBEOFREMEEE 2014~2019 4F L FETHEL T
%,

Step 1. CO2 standards - Basis for modelling

INPUT. Impact of level of ambition (2030) - Light Duty

Approach: PC (55% reduction vs 2021) and Vans (50% reduction vs 2021) in WLTP

Sales composition inspired in HIGH ambition scenario proposed by EU COM

Table 4: New cars aned vans powertrain compasition in 2030, 2035 and 2040 under
differvat target levels (TL) uplivus

Table 3: Target levels under the options idered (% reducti I d to 2021 Cury Vi Additmnal
starting point) 2030 iceve | pHEV | BEV | FCEV |1cEv+ | prev | BEV | FCEV demand
TL O 615% [ 133% | 243% [ 06% | 716% [147% | 1A% | 83% :
2028 2030 2035 240 [T Low EC I T T T D T T reduction
. = " , z S : : ) . e e i o T e t
Cars | Vans | Cars | Vans | Cars | Vans | Cars | Vans ' TL High 045 | 14.3% 2 % . 40 % of
- B OO Y L CEELT T .
TL_Low 15% | 15% | 40% | 35% | 60% 55% B B0 Lo w5 | 160% hybridisation of
= - : e, = T Low [ 38.]% | 20.1% [ 3K ICEs
TL_Med 15% | 15% ot 0% N 4 | T0% e | 1ooss | roos L Med T8 | 218
= TL_High 0% | 0.0%
TL_High 15 | 15%w] 60% & S0% | 100% | M0% [ 100% | toob 20
L - - Energy
¥ Lo 46,7 | 17.6% e
TL Low | 18.3% | 19.0% 2% 52, 2% Efficiency
55% target for PCs as an intermediate value between TL Med 00 | 00% [ 870% | 130% | 0.0% [ 00% | B56% | 144% 3
Med and High target levels (not reported in detail) TL_High D00 | 0.0% | 899% | 10.0% | 0.0% [ 00 | 9340 | T.0% 1mprovement‘of
*inclading HEV und gas fuslled vebicls new pawertrains
Source: EU COM (July 2021)

®

EEAR ¢ e

[FuelEU Maritime] O$2Z TR INHH K1 A AT 2 —H 7Y o CO2 #HR T,
2020 1 2025 F A 2%, 2030 F A6%) %AV IAHR, MRIFREIX, 20 FHOFE O BIK
ZIEEELCTwE & LTwd, HEE INERFREHMTZ, £ 2EROERKE WRILT
HBE, WNRERZMEIOFEREIZ, LNG A %) — L EE2 &R, WNREILDICLT NS,

(6 REDII (Alternative LCF Scenario)

Ao RED I @ HEHl % 7= 372 <k, REDIIEAEME (GL#EH A13%) ICiZE v 3.
A115%ICIEE 5, 2Dk, HEMZERICIZHEEREREOEAZEIC 10%H 2T HEH
HolorEIncns

12



AL 72 Hiffi©H 52 HEFA (HVO) BLERFoHEHE % BIE X 0 5K 30% 1IR3 5 2 E 03
HB, HWiT, wro—2PREEYHED AN A< R FRHT X 254 AR OB AR 2 15
I E 2, efuels DBA WI1EHLMY) LHbET, wK10EHL F v DEAREN
BYHETH Y, FIFL _ABBREEL T ARnWI e hb, A= FAE2ARVEIFY
FEimoTWn5b,

_levels and projections;

2030 GHG emissions
% energy 4 cnzrgy Absalute values
Additional Fuel ar =nergy carrisr Targst/can ino multipliers) with multighers - no multiplier
Annex X Part A| 1a% 1%

! Tatal Ren. Electricky TE%
and RFNBO,RCF:. flan_ slectricity in raac transgart 07% ars 1a%
required to | fian, lectricity in rail transpart 05y o84 13k
comply with : e electricity in alf other 00w o0% 0.o%

|
santai 116% 78%

sub-mandates E Lompliant biofuels 11.4%

. Foad-cmn 7% energy (MAX) 7.0% 70% scu
! ¥ Advonced porr 4 fand bisgas) 22% energy (min) 7% 29% 0%
! [Delta:~+10 | Advanced part 8 17% mamrgy (MAX) 17% 17 1%
Mtoe <> + 209 /  SFue0/acF 2.8% eaergy (min) 16% 8% 24%

i
« i | fusls fo-fuels / 2-42) 124 1a% 13

vs baseline ) | sxfndlfons tef -

| 25 intermediate (2] for fossi fuel pracducsn 13% 13% 134
s Total RES-T target fall transzart sectors) 13% GHG intans imin) 153 1w 13%

iP In order to comply .
| with Part A/B,
| reduction of ~30% of |
Part B in HEFA 1
" (far below the current;

in the 1)

Relevance of potential
expansion of list Annex IX +
refevance of cap on Part 8

@ ETS (HEHHERS HIE)

—2030 GHG emissions vs proposed cap—

EEKEFIICE AR L I NA-HH O ETS Tld. 2030 FFOHEH EHIIRE 1L A43% & 72 5
THH, BB T2 L 1{ES5 TH v &5 GEEREELSM S o EIA 1T 15%

Hilfe) o

PRELD B CHIR S 5 & 75 & FEATREMMBIOB AR T 415 L T o 08035 0, &EiLicL
TR ORI ATRELEC A v 7 I AR DFED H V. BEREO ¥ v v 732 TH
DIRINZEESICHIER L T3, BUR. Fr v ZI3MEEOEMBERIC XY R0 23 2
TAETH Y, AL T 2 LD 505, AIREEER L L CHIL > TEfT T 28 ¥

DI DL VWORHETH H 5,

ETS - GHG emission reduction

EE WV Rl (i B fidiriges) X. = &7] Aviation & Maritime (with Industry)
) G

o i W s
! W new ETS in separate ETS
Objective: ‘43% GHG emissions (cap] reduction in fossil GHG (TTW) Objective: -ﬁ1 % GHG |absolute) In 2030 v= 2005 for industry, avistion
fn road in 2030 vs 2005 and maritime transpott. Upcoming revision for free allowances

Manufacture and
ctivity, EU, Q1 2010 - Q2 2021 construction
)

»

s o 0, Sk <3
- - - - - -‘-“W -~ . -

|

Transport -
Households

v

LELEE BL R B BRI LR S SL L B 1
e ]
E B, ...| | B B
||:_::: ....... -
sl 5T —
12 o CONCAWE
s for T et of pour macte s e Proth s - EurteTal dharnsd W

https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-20211129-1

13



(6) Session 3 2*5

[7——=] Evaluation of PHEVs in real-world conditions An introduction to Concawe’s vehicle

LCA GHG on-line simulator
[#3%#%] Mr. Roland Dauphin, Concawe (Fuels Quality and Emissions)
(25 nFER] 202246 A 20 H

https://www.concawe.eu/publication/evaluation-of-plug-in-hybrid-vehicles-in-real-world-

conditions/

O HEAHEH T2 GHG > I 21— ZAFICOWT

Hiljo CO2 PEHHEAIEICIZ T — A4 THh L 0PEHZ T Tthl, HEEL AL —F ¥
V7 DA CE‘?J@Lf:%F&% G747 A7 (LCA) %EET 2LELDH 5,

Wi B ORI 13k~ TH Y | ME— DR OIS ZRFE T 2 F 3B L Wh, SRAaEFE D L
W23 5720, ¥ 2L —ZOWERITRIERM

EFTNVEME (FY VAT )y FE) X 35E» 5, EfTHHCIREZEZEZEL, 2—7
4 V7 4 —$548 (UF : XPHEV 237 EiHFER (FICEXREMEH) TETT2HE) vy
7Y AR AEHEINCIERILTE 2 AT LRHFEL 72,

Bz, 15kWh oy 7Y —CHEHRET 256, UF 277 87%2% (TR,

T84 775%0)?;'!5.%5\ MECEROFHREICO W HHEEMEZEHITX 3,

ctor under real-world conditions, using
100
A gasoline PHEV with a 15 kWh LT L r—
battery capacity recharged every day [
has an average utility factor of 77% - 3d
) ) ‘g eof [/ ,.--""/’ o
A gasoline PHEV with a battery § |/ / |1 v
CaPaCitY has ey r //’/ﬂ/ (/-A:'_'::-:‘:
s = [ / ) = i e
an average utility factor of RO A 0
“‘ g '_7’-::2'_:_,{:-* e rech twice a day
. . =" :
A gasoline PHEV with a battery i | _‘ :
capacity has | -
an average utility factor of i
0 g 10
5 10 15 20 25 30 35
Battery capacity [kWh]
Concawe

v 74 vCcHHTES XS

77 7 OB ELER (Manufacture). fkEls

Hsk O PRI R, K EER
OHEHER, RVH GRS
i fiE

(Fuel TTW)

(Fuel WTT) (ZF4r[RERREL 2> & 9 20

Ic3° % (2022 4 9 HUKE), JPEC b AW (fkig)
(Electricity) X H i3 3 2 758
b & TR A PR
IERAEICHEE GHG 22 bR hz 7Ly v b o
(N4 ARELE) Lo Td, B ARBILEL K22 2L dAEETH 2,




Beawwting an slertrificar b |evel | esdoser betarvior.

LCA GHG emissions of pmr car in ml Hh )\ j] %ﬁ:

BHD pesibed |g C3Twgiun]

fur sy B pavereiess of B wim s

"Beta" M'uy 2022 Firmms ik na bussboms o ot fantlom son et san @
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| P pOSSTTETS Gy TS O AN el = HICT ans (ML Pug-n SO (88 end
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Pl - T B0 Wt Al Gver i Wy Cpoie ey degun o0 ey a6 Laned (£ el
:uun\n wrtle] Al COMEt of (e deG CHOON KBTIty Of ERCT 0. TR M aCSe ECH K0V I CEvgn
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(7) Session 3 225

[7—~] Optimal electrification of passenger cars in a battery-constrained scenario
[#3# ] Mr. Roland Dauphin, Concawe (Fuels Quality and Emissions. TotalEnergies 25 A1)

@© WY HHOE

2030 £ £ TOREFIc BT, Ny 7 U — oI RN (HER) <HlisH 28558, Sy T
— & EDXHITTERT2DHRRR D2, GHG HEHHIERSN R OBl 2 & UEE) ) B o B fE ]

BAYIalL—YavaEiTol,

What is better?

Q‘ : + Objective: Minimize WtW CO2 emissions of 10 new passenger cars

+ Under a constraint of 100 kWh of batteries to produce them

/ 2 pathways \

~

—

+ Batteries allocated to BEVs (50 kWh each) + Batteries allocated to PHEVs (10 kWh each)
« 2 BEVs = O BEVs
+ 8ICEVs = 0ICEVs
+ OPHEVs = 10 PHEVs, assuming 40% electric drive (Utility Factor)
Sales composition Electrified mileage: 20% Sales composition Electrified mileage: 40%
PHEVs Electric drive BV KES Electric
0% 0% drive.

=

S

@Q;mawe

@ vIiar—vaviER

TREFRI 22 56E T T b, 2030 fEICIA T Tld, PHEV 2SEHIRTE O et 7r T EREREE L 7o

%, ¥3 PHEV ZEA L,

Ny 7 ) —of AR RN (fHEE) KIS UTBEV #EAL T
W H, GHG HRRIC IR TH 5, (RABDNy 7Y —+PHEV 25%0581)
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Minimizing life-cycle GHG emissions: Full EV Penetration Scenario

Optimal sales mix subject to battery supply constraint

N " Conservative Real-World Utility Factor for PHEVs: 23% (PHEV-20) 2 39% (PHEV-54)
Key Assumptions:
» Total numbers of I sales: 16M
falamPe ot s H i ey O PHEY Ceev © Dattery Sunply (Rizht Axes)
» Max share of EVs (BEV+PHEV) in new sales: B
R - 100% s 500
100% during 2021-2030 (subject to optimisation) o == [ 3 g = E =
# Real-World Utility Factor - Conservative § o 223 E g
> Battery range (size) for BEVs: Linear increase w B § ; £ ‘? L o] 500 e
400 km (58 kWh) in 2020 = 500 km (71 kWh) in 2030 g fg Z % ¥ g e g S
» Netzero battery trade 4 g =0 g £ _ = | & | 400 ?
» E10eq as the proxy for biofuel for combustion ¥ 0% o] H
engines (No additionsl low-carbon fusl) ga i L S E
» Electricity LCA carbon intensity (sCO2eq/MJ) § e O 3
Linear decrease: 122 (2020) = 69 (2030} 2 . 200 E
" £ 30% i
- Battery carbon intensity (kg CO2eq/kWh] T o ) o 44 E
- % i - A
Linear decrease: 5 20% o £ ﬁ Bl 5 1
BEV: 56 (2020) > 65 (2030} & e R | & w0 E
PHEV: 108 (2020) 2 73 (2030) e A
» Wehicle energy use MJ/km [WLTP): Linear decrease o% 2095 4
JEC 2015 data {2020} > JEC 2025+ data (2030)

Notes:
2020 sales mix represents the historical data (not optimised)

Battery ranges (sizes) of PHEVs are optimised subject to battery resource constraints

21 @ncawe

Ronz Ny 7V &2 RABIEHL>2>,. GHG HEHEHEZ 3 2 1ci, EhaE
b 53, HEV ® BEV X 03 PHEV (20~100km OffifEERE (%) ©1~2 H
BEORE) PEFE L, (%60 kmofiiiiigtc Ny 7 1) —AFE, 12.5kWh %)

PHEV (iififEiE 20~40km) DA, 5 HIC 1 HoFEETH, HEVS BEV XV

GHG #FiEHRIcHEM E #Z 2 b5, PHEV & BEV OEAMGHIC BT 2857 L 72 5
2—=74 V74 —4EE (UF) £30%TH 5205, FFcNy 7V —H 4 XD HEHI/NE »
PHEV (20—40) [ BEV DNy 7V =34 XICfb 63, lkm%z B> Tw3,

. PHEVs should be rolled out before BEVs to
2 o minimize CO, emissions above this utility factor
T 0%
£ PHEV BH781;
£ so%
-
] o
£ 3o d
E"; 200 | 4 =
‘%‘ PHEVs do not minimize CO, emissions
10% : % =
= PHEV 741|483, below this utility factor
L oo%
= REERE3FEEEREEEERESEER888E
L COboo|ld 38 0Ll oGl ctc|lds Qo
[-- -] m o - -] [-- -} o m|m m o - | o o o o o m o B |
PHEV 20 PHEV 40 PHEV 60 PHEV 80 PHEV 100
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Real-world UF of a PHEV recharged

every 1 day,

A
l

! —
ml_ o053
__|: 00b-A38
" 00€-A31
% 002-A39
| [ 009-A34
l—s 005-73Y
| [ 0o-A34
ol O0E-N3H
P 00z-A34
—e 009-A34
— 005-A34
— 00t-A38
AT
00z-A3d
—% 009734
— 005-A34
— 00p-A38
Y nog-A3g
e 00z-A31
\T — 008-A39
—e 005138
— 00p-A38
— 00E-A3A
e 00z-A3d

PHEV 100

PHEW 80

PHEV &0

PHEV 40

PHEW 20

55588888

b —

SA3Hd 10} Jopey Aujnn usna-jeaig
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(8) Session 3 2> &
[7—~] E-Fuels:
A techno-economic assessment of EU domestic production and imports towards 2050
[55%&] Ms. Alba Soler, Concawe
@D E-Fuels O%%

AR (E-Fuels) o8& iciz, FET AL ¥ —Ic X 3EM OkFE) shE L CO2FHITK
ELAREL T2, BARRIC, BECKREGIC X 2 HEBRRT AV F =233 R P ICHE)
RFEIICTHEIR CTE 22— v FUPER Yy I, HRPA—X 7Y THEMTH 5,

Key assumptions Full load hours (h/yr)

Electrolysis efficiency and CO source HPY mWindonshore ®Wind offshore & Curtailment
I T T
Al
s s = e | o~
=]

Concentrated source Concentrated source cu"ﬂ::t;;t:gﬂmme Central EU 7
P 45% (Conc. source) -
|CO; concentration (%) 45 45
R T o v Y - ©
7’
Renewable electricity GHG emissions s [ - @
40 :
- I ope oo I &
— Chile 5,230
=10 i Mamlenan(e 4
s Y - <~ ©
o

z B
525
g0
oNIS
10 0 1.000  2.000 3.000 4.000 5.000 6.000 7.000 8.000
Df\
5 ! l l ! l Full load hours (h/yr)
ll e
Note: Curtai [Fasihi et al 2016]

e: Curtailment estimated at 5% [F
(((Concawe
\Ar. -

Norway Germany Spain Saudi Australia Chile Marocco
Arabia

BLUEREIR C L D AN F—HER W, EMARRIEEECE 2, Fuy 74 VK
LEBBEHMUBEROE WA — F) DIZE A EIIIEBENC EPFREE > T b,
—Ji, REESEFECTHEDOE e H2 ¥ e NH3 13H L WHliC [ v 7 7 2048 L 55,
I S 7z CO2 P b D ERIE, DAC % HELL 72856, ZhR1E 10% KA ~ M RE LA
%o et ® Ry 2Nl 2 2 L AMIChko T3,
Results: Energy balance - North EU, 2050

Lower energy efficiency linked to higher processing fuel routes: routes with higher drop-in
fossil replacement in existing fleet
Increase of ~10% points in efficiency if concentrated CO, source vs DAC

4,0 & Foy 74y = e

0% £
60% 5
=
= = 50% %
nergy expen s
| o2
£ i 5 =
] 0% &
=
| ]
————— ~~- S ——— | i ——20% G
Energy in the fuel e %
(1 MJ) =
. [
H4 MeOH MTG MTK FTK FTD i

B Energy consumed (DAC) L 1 Energy consumed {(Concentrated CO2 source)

=@ Efficiency (DAC) ==@== Efficiency (Concentrated COZ source)
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2 E-Fuels fIflE (CtG: Cradle to Grave) © GHG #EHE
- AERELD CtG GHG HEHE R 1Z, R_TD 27 = 4 CRETH V. {LAERED S DR
B EE I LT 93~97% DRI ZEK T 5 2 LB TE 3,
- FfiASERE T 2 2 LI X D 2020 £ 5 2050 FICH T T, SERBAEIELER O CtG GHG BE
HE I 7% 3 5 & TAE,
- BLEICEAER H2 WA E 23R Yy )V TEN L THA L2854, CtG GHG HEH
B3 9-60%I¥ 3

Results: GHG emissions - North EU, 2050

Cradle-to-Grave (CtG) emissions are similar for all the pathways: The ones less energy-
intensive to produce are more energy-intensive to transport

+ Cradle-to-grave:
Infrastructure
(construction and
end-of-life)

+ Maintenance and
operations

Well-to-Wheel:
Close to zero
except for
distribution (grid
electricity)

1 COZ supply M Electrolysis @ N2 Production B Synthesis & conversion B Distribution

*Source: JEC WtT Study v5, GaBi Database

Reduction vs fossil > [-sex| [-o7%] [-o3%| [-os%) [-oax| [-0axx| [-aa%| [-0as| "Additional reduction it RED, Wy foasil ey
comparator (94 gCO,eq/MJ) is used
P - > P
: . _079 . . . :
E-fuels achieve up to 93-97% GHG reduction vs fossil alternatives (\@ncawe

(3 E-Fuels 0#liEa 2
- E-Fuels o#lia X ¥, 2020 FiCi7 4 —E AR T 1.5~4.1 2 —v/J v b, 2050
FITi31.0~26 2—v/Y vy b iz s L RiATh, FcEhaxricgEIns,
HrArBENhaxt ¥4~6+1> FkWh (6~8 1) ZAHE
+ E-Fuels 3. A ABREI XY A 2 b & GHG HlIR= 2 F 255025, 2050 £ % Tl
Z DN 2,

Key assumptions: Electricity supply costs (€ct/kWh,) for baseline assessments*

The spread in renewable electricity supply costs may be greater within a single country than across
countries with similar geographies

14
EU-North: Offshore wind

EU-N—® A . A
12 ©2020 Other regions: PV/wind hybrid
o ® 2050 Example (€/kWh.):
1
s L : Sthors plant
Chile KSA -
EU-C—® EU-Central 2020  0.055 0.069 0.067*

=3

s

4~6 ¢ >+ /kWh ° 25 il — i
C 0.037 0.061 .053*
(6~8 ) Australia| 7@ : : SRRl 00 | i
EU-5

Electricity costs (cent/kWh,)

2
0 Same values assumed
0 1.000 2.000 3.000 4.000 5.000 6.000 for PtX plant operation
Equivalent full load period {h/yr) (incl. buffer storage)

* 5% everlap (curtailed) analogous to [Fasihi et al. 2016] for P¥/wind hybrid and including high voltage transmission except Central Europe
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Comparison versus fossil fuel costs ic Ve .

y F{JiE‘l costs ) GHG abatement costs
Crude-cil diesel today: 0.30%/l e eqyuatent il el o fi
450 - . 4 1400 Crude-oil diesel ~ kero taday: 8.4 €/Gl (reference)
4.00 ‘ |
£ 350 \ |
€ 3.00 ‘ 1
F250 ] | ‘ |
g 2.00 i 1 | - |
§20 ’
£ 150 I | | |
= B
‘..amcx,lﬁ. B
050 1 I I | | i Il
000 == - = = | ‘
v o 2 3ls 3 vz W 5
v = _ 5 2 g gegpTgTE g EE 5 2 c %, -
£ £ E e £ 8 8 8 €5 5858 5228 8sF5 d|8F w
£ 8 2 : £ 3 fEd g5 200058 e Qg
= = &= ve ewygHTITEET=EE
g s 5 E 55 83 s 8 EEEEEEEE g2l c by < % |a
s B E EF ¥[x ¥(c | c 4 & L dod i §lggT bE by & i
e % & Ui o2 pe q ] @ i A oy
a = 2 3 @ s b C @ 5 ° o %
o 2 B oS a & S g
=0 o = ~N = o t

2020 | 2050 | 2020 | 2050 2020 2050 2020

o
=]
&
=]
LE

2020 2050 2020 2050 2020 2050 2020 2050 5‘

E-fuels show higher production and GHG abatement costs than biofuels, although the gap decreases

by 2050 =
@ IXK’}‘I‘I 0) E-Fuels %E’ 6: DU "C Table 15: Global e~fusls anErgy demand; gxp|vm!‘iup scenanos for 2050
[MELE] 2050 FRIEINT = || gy | rmre | oo et
MTOE WTOE
TWEICONT, 22007 — A2 RE _
Eloctricity 100 100
L7=vF )AL -, e-ligquids T 86 aFumls
R ) . . *8 w-mathane o [ & a-fuwls
K2 VA IEA 23 TS Biofusls 12 [ Shifted to e-liguids in
- ST high sceneria
5 € fuels O) = &#‘ 4| 6 i} 'ihl.".‘n_d i u-l.1m{i|:h|n
(66Mt0€/y) Iz %{j\ ‘5 7 — A high scenaria
Bigmethans L] 1] Shifted to emathane
%f/ﬂ— U j— : /\‘\/f j—i’ﬁ}s*;‘l, a E | fin high scenano
R e-hydrogen a7 LH a-fuels
W% efuelslCv 7 b & ¥ 3 pia o 2
r— 2z (129Mtoe/y) Total e-fuels ] | 119
| Tatal e [ L

[CAPEX]
E-Fuels 7' 7 v b OAFERBIDMERIFT 1,000t BN 2 4E > F VU A Tlk, E-Fuels 77 v
b BT 2 A NRET AL ¥ — BMIGT 20 IC4T R CAPEX 3, 1~5 Jk2—mn
DOHiPH & FAE N 5,
FREPFIREE T, 320 f8~710 =2 —nm (D EAFALGI). L <1k 750 E~1,710
Ea—u (&b ARG ICTHY T 5,
EU © GDP ixf L Tl 0.2~1%ICHY L. ERK) 10 A o BUHATHE IS 3 5,
[+ 4R F]
WA 10 I km? & IEFICKE Vs, SRR o ATRE 7 LS (400 /7 km?)
D 2%ICHL T 5,
[EU ofF4alger s+ L ¥ —BHEEN]
EU ofArRET AV ¥ —BIRBE 3. BEOEHERED 7 5 (8 22,000 TWh/
) BELEZOLND, (KFEFET. KT KEH)
iz EU 27+% [E O #inik MBI E % 5621 E-Fuels T - 72354 12,000 TWh/4FE D F4E
AREBNIHEE D 7267,
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2050 £ F Tic EU27+UK IZH T, BEV, e-methane, e-liquids OFAERJRET L ¥
—FA% 100%& 3232 F ) A%EMEEST S L. 2,570~10,880 TWh/F DA AJREE 158

Zb72b7,

EU OFAERET AN F —B IR T v v vid,

%/A\ EVN
;

poNiti|

L. A VT TEBRA~DHESTEIC o T,

MENA @ & 5 7t DM CHBL S 2 BANI 22 TRETE 1L & D IC KR Z s, HIBCER - =4

NF—LERE LD Y 27 25,

Figure 103: Technical renewable electricity production potentials for Europe (Source:
LBST based on literature review)
30000
= =
£ | Ranges
% 25000 ® Exploited potential 2020*
> Best estimate: ¥ 22,000 TWh/a
g
E 200 4 Additional potential In
_g deep waters (50-1000 m),
= e.g. fMleating foundations
E 15000 +——
c
=
=
-
g' ORI = Additional potential on other surface areas
g 3% use of the available non-artificial areas,
8 170 MW/km?
T 5000 _
5 Electricity consumgtion EU 27 in 2020: ~3000 TWh*
2 e T ARG e e N ‘,
0 e o o —9= o g —®
Wind onshore Wind offshore Photovoltaics  Hydropower Geothermal OceanEnergy  Solarthermal
Data: [Brauner 2019], [Caglayan st al. 2019], [EEA 2008], [Elavaracan 2018], IRC 20139], [Ruiz et al. 2019], [LBST 2016], [Magagna 2015]
£2020 data: [Eurostat 06/2021], [IEA Cata Senices 10/2021]

%’[

p=(11}

(#i/2] JPEC & RUAEHE

SR E LI L TE Y., L Concawe-HP THABHFE (2022 F 7 H)

EC RSOV E

ELCHMRICAbRwEEZLN

Water electrolysis+tRWGS+FT Co-electrolysis+FT
500 500
450 —Electricity 450 ——Electricity
—Plant cost —Plant cost
400 ——QOperation cost > 400 —Operation cost
1 1
3 350 i S 350
@ @
o 300 & 300 i
© Renewable o /
_5 250 Electricity _5 250 ' '
g 200 g 200 | | f ‘ Renewable
g 150 g 150 I Electricity
= = 100
100 i : -
A8 Operati
50 Operation 50 [ 1 ’ Iﬁ;ﬂ,
L 2 I| Plant
0 ¢ ‘.l Plant 0 v
01 2 3 45 6 7 8 9 101112 012 3 456 7 8 9101112
electricity price ¥/kWh ¥1=€0.00714 electricity price ¥/kWh
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Concawe DT AE a2 X M5y F€kWh (TH) #fHEd+ 3L, FR»HEEa 2k
ENZENL 3221 (257€) /LiBLr230 (1.84€) /Li73, (1€=125H)

Z 1T Concawe 7% 2050 4F 1.0~2.66/ L L BT W 2 BUEOHFENTH v fH\ & L TEHEL
TWw3,

(9) Session4 2>5
[7—-~] EU Climate ambition and mobility transition

[#7#] Ms. Emanuela Sardellitti, FuelsEurope (Advocacy Strategy Executive)

O EEEEREEFY O ik EL I @ T 72 FuelsEurope DAY Y A4
T L v o CO2 HE47 2Bl HEEE{L 23 [Fit for 55| I THRE X, 202246 A 8
Hic e A SH (EU Parliament) 1 CERE ., EU BES (Council) 10iEE &
720 (RO&EIT6 A 28 HEDIER)
(2035 EDPEH EHIREERS. 2021 FFFEEHELL 100%., FFE Loz vy vHIRFES L)
B L C FuelsEurope Tld. KRFREIBBRFC~HE T 2R L LT LY Y
FEIEEARBRNGESD 3 DDFERICKH L THREL 22, 2200FHATIH, HLLIDH 2~
DR THRE Nz, REFETIHRE o7,
HEHATE, BINEEAOREAKICKNT 2, /2. XL WHEZ Rk 2 n%HED
H2E DHLTEY, SROFMIFFTAICS W, TH»L 7 7 v AR VEREELE I
25 = aBUFIZ. BREEIREEICN T 2 MK L . REMFIIRE Y I~ 2 2 AHEME D B
D, RORAY = —7 VEBfIX, EEROBEREAHL C LI TAH— 7 v T,
LWkt AT n %,
FuelsEurope & L CiZ, Fl&ficE, NV a—Fz—VICEDLIBARE DI LTAT AT
FrvX—vExRERT 5,

@ KEHED CO2 HtH 2 BlHlic 5w
BUTHIH] © 2025 4F % CTIT 2005 EXT L A 15%. 2030 % TIZ A30%
2022 4 3 H £ CHIIK BAR D BE AL & KR BRI D BB D RATTIEIC O W TERAE T
b, 2022 FFRE TICHINEER X VBEEM RIS L AT hTws, 7272, FEH
HE ANV OHIFOGEE CHRIEIFL &2 2 7REED B 5,
FuelsEurope (3. KMEDOELD 2 2 b 0REFE, KREBREI OFIFTREMEIC O W T, ]
ERRE L AR O A %D TV 5,

3 [Renewable and Low-Carbon Fuels Value Chain Industrial Alliance | &5/

AVAN—IZIAT 37D HP (B A% 101, 2022 4 6 A 2 HIFf)

https://ec.europa.eu/eusurvey/runner/rlcf-alliance-declaration
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GishEiesi)|

SECRETARIAT
Partnership for the 1%
year of the operations

ZZ FuelsEurope

STEERING GROUP
Ensures policy steering and monitoring of progress

DG MOVE | 77, <

% FuelsEurope

Europe ﬂ" J EL}:opeg & SAFRA
ROUNDTABLES
G EN ERAL ASSEM BLY 1. The ‘availability of feedstocks, synergies
All members. grouped in 2 chambers among seciors and the just transition
WATERBORNE AVIATION andvalue hai — Avion
Chair Chair i
15‘ year 4. Access to public ‘
FIncAnTIERl and private finance |

FINCANTIERI

(10) Session 4 2» 5
[+ —=~] ETS and CBAM

[#3%#] Mr. Jean-Pierre Debruxelles, FuelsEurope (Policy Executive)
[Fit for 55 1¥1J 2 EU-ETS DSGETHA & CBAM DIEMNAIC D W TRt & G
@ EU-ETS (JREEIGI> 27 L) BT 2 ZENEICOWT

EU-ETS 15413, 2018 FFICUGET & 1. 2030 4F HEELS 2005 1t A43% & 72 ) 2021 42 5
MEAT TN T 7223, SRIOUGE THIC A61% L T iz,

ETS + 7 2 —D HEZER L v icbe <, JEHiFEH (CAP) b s h, BEOKD
By (The Linear Reduction Factor : LRF) 7% 2.2% 725 4.2% ~3{t & 41, 2024 E (i
X, 117 H CO2 t oo ditE () 2k dh s,

ETS i34+ —2 v a VIEErolikE T v =2 M2 BT 2 HELEETH 0, Ak
%D, HlziE, TRL8~9 OHEffficH LT, 4 /=y av 77 v FEBEL CEEEZT
5ZLHMRTED, T2, CCUSHFEICHML, (EHE) 7Ly b 2ERTLE PR
KRBT 2B MRS N 2, P LEHIHICET 2 HFEEFICL>TE, Thd
bEWREHEALE o T3,
Fit for 55

Estimated CAP (current scope)

+ Implied 2024 Irf = 10.24%

1600
1400
1200
1000
800
500
400

* Annual reduction of 82.1 Mt/CO2

*  One-off rebase would be 117.3MtC0O2
in 2024 (78.2in 2023)

+ Capin 2030 =793.6 MtCO2
+ -61.8% for ETS sectors

MY/CO2

—New i in 3003 —New I i

Graph based on calculations by BNEF
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@ GEREEIRM (L@ ~oFHMHO ETS EA

(BRI ZT B S RENE]
HEOPEHHERGG IFIEE & L, EH R 223, A LR, LRF. MSR (Market
Stability Reserve, MiiG&ENY F—7) 26T 5,
2025 FFICEE T 4L, 2026 F DIESFERBHBFAET 5,
HEH P 2026 4E2> 6 F%E E 41, LRF 13 2026 £ TR+ 7 2 —ofEHE% 2005 F1t
43%HI T 5 2 L ZHIRICERE I N5,
a X MMflo7z®, MSR IZHEHFD 3 » AR o0 PP o ffitgkBEic -0 % | 8
M PR 2 U 3 %,
EU-ETS DI D 25%% M & 3 5 KARZ BN Rtk A e % 50r L, [HEHHER | 0Bk
Bk L Y~ DILR DS S 72 & THAMFE | Tl 3,

@ REEEFAE A S =X 2L (CBAM) OEAIILDWT

(% 22]

WMINFTE 21X, 2026 FICETARETHE X ICT—22INET L L #EEL., JEHHEA
B, H=—RV ) =7 =YY R7DEHWEFEEZEAFIC, NREFMZFEL B, B
Ry AEEERTMIZE TN Th Ry,

In the first phase:

CEMENT IRON & STEEL ALUMINIUM FERTILISER ELECTRICITY

+ Selected on basis of 3 criteria:
v' High risk of carbon leakage (High carbon emissions; High level of trade)
v Covering more than >45% of CO2 emissions of ETS sectors
v Practical feasibility

* In a second stage, extended to other sectors

ASIC BUAEER A>T IREI A M EEREZZLIWAEHS) 23 L. EU
WAL DB RS NS T 2 A L o T B,
WREM . TArI=v o, wA v b BEL EY) ~0 ETS PR EE RS X
2026 5 L HE 10% 3 2O L, 2035 FFICid¥rIc A %,
TR & L CHEGECHBLONR L 72 50l fflilo CBAM # & o EHEPEHE O A TH b b
HE (BLEREOEBLRLED L oFEH) ZE&E TR,
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= CBAM CBAM
State of CBAM Transitional partially fully

phase in CBAM phased in phased.in

Third country
emissions in w " —

CBAM sectors
-
Reduction of fres

allocation due to “Fit-for-
56

EUETS
emissions Emissions
in CBAM coverad by free
5 ] allocation

Emissions
covered by
free aliocation

2023-2025 2028-2035 2038 nnwards

[FE])
HEOERBES L LCid, BWHFOIL VR LB WHETH S,
MNETESIT, WiHEDO Y R—FiZ, WITO L —LOREFDOY 27 %E L En., BiE

ﬂﬁﬁk LCOIEYEZ2R7% ) fEltErd 5 & L, #ibas X OCHRBIBREE B3 2 W&

CBEWTED SN T W,
—ﬁ\EUE%ﬁi BETREB T, U _— M IFFEBRIC WTO O 7 & MCEET % AlREM:
BH B LTRSS,

[FuelsEurope ® CBAM #Fii (25)]

PSR RS — RO RBMIGICHED e — SR RET S e HEL T 5, ZNDBHE

W9 25 Ecld. EU 0BT ORISR A % SUE 3 2 BRIz, EU ORSEESE o FEREE 41
EHERR T A LEL D D,
ZOBEDD, RZEOEBFFHEA N =X LBUTOLI R DD THLIREZLEZL T 5,
MR SRR EE~Ox % A e Lz BORo A2 Ex 22,
EU OFEF 0551 % R#E L. WTO OBIANICHENL S %,
i X, CBAM OXRE%D 52 EE XD,
EU ORI O EFEH S ) 2K T 2 ¢ 37, IR A A =X a2 flBis & T
EUoENTEB L2 KR Y =7 -T2 oii#ET 5,

BLAAHLATHE R 2B T 2 20 ONIERTT G E. WA DHEFFK & OME Rl 2T

. XNnsz &,
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(11) Session 4 2°5

[7—=1] Transport Fuels into the FitFor55 package
[#%#&] Ms. Marta Yugo, FuelsEurope (Policy Executive)

[Fit for 55 <31 2k ARl O BUR 7M. 71 RED IIT (Renewable Energy Directive)

2D TR
O REDIII 13%GHG Reduction across all transport sector
FEARFTIC B =Tld, EEML 3 A A B RENBO,/RCF
RFNBO : Renewable fuels of non-biological origin

H2, H2-derived synthetic fuels (e-fuels)
RCL :  Recycled carbon fuels

RED Il - Transport

Scope All transport
2030 overall transport target: 13% GHG intensity reduction vs baseline
Submandates (energy)
Target * Food-feed crop 7% energy (MAX)
¢ Advanced part A (and biogas) 2.2% energy (min)
e Advanced part B 1.7% energy (MAX)
* RFNBO /RCF 2.6% energy (min)
Biofuels (food-feed crop, Annex IX A/B), biomethane, RFNBO (final fuel and intermediate) and RCF.
Renewable electricity
Compliance

Removal of main multipliers from RED Il but:
x1.2 for Annex IX A and RFNBO in aviation and maritime
x2 equivalent factor for electricity in numerator

(2 512 RFNBO,/RCF % %3 % FuelsEurope
FuelsEurope (LA F @ ¢, RENBO,/RCF % RED III i %) L 7 Bt & L CHie
- JERNE B 72 G~ O A IS % TR (Energy Independence)
- EU o R IcH Bk (IG5t 0 FB L HilEH o8l )

Renewable Energy Directive (RED Ill)

essential pieces, complementing role together with |
e-fuels (and electrification) to reduce GHG
emissions in transport

Feedstock Flexibility towards sustainable | Sustainatd)le aVa!atl)git\/ deemed enough 4
{,% low carbon fuels to meet demand (IC report) 4

FllcEliono et ~ Advanced and waste-based biofuel production in EU

RED-T

higher flexibility and ogy neutrality for ~175
biofuels, RENBO and Recycled Carbon Fuels R — Mtoe
(RCF) 2050

‘ Job creation (sGUp study) ‘
Feedstock and compliance flexibility are key to Scaling-up production of liquid low carbon fuels will
. SRR Secgr'ty of izl ar.]d enelfgy ' create more than a million FTEs jobs towards 2050 |
independence in Europe, boosting regional '
development (enhancement of circular ‘
economy and job creation)

Rules for e-fuels (RFNBO) and RCF are being drafted (concepts

such as geographical or temporal correlation on the table, also |
for imported RFNBO). Potential exclusion of CO2 from industrial
! sources for RFNBO production beyond 2035




4. REEESRICOVT

(1)

(2)

(3)

Concawe % f{Z L T Mr. Jean Marc Sohier 2 5

JPEC & Concawe 7 b Z N ZNEHTOEHREZ GO A ERRIEFHRKIN TE 72, 5% b Z DY
RAEMK, MEIEHoLHFERLDDICLTRE L,

DiEPICH 7255 L TH 523, E-Fuels DHMECHLIMATC DR FREHELER T 2 &, BT T
BETLCw5 2 L Z2Fb 3 Y L[ (Collaboration) TEELL K-+ %2F 205X 5%, 5% T
DY —HEATHEERTE 0D Lk,

JPEC %% L CHHHHFE B2 &

EIHIDIC, T DORFRDHTIC EU DIEHER R HGH A %2 1T o T 2 BUlFT 72 & DL %2 Zh - i
EiicE KEFBEETH o7, 6l - 7L v LTL N7z Concawe * Mr.Damien (JE&#4 3,

HAZ EU cctt&fmlﬁl&imb% LitZawnwd, S iciiBAL 22X 951, A—FKv=a—1+7
v (CN) EBO OB - EERB G L TMEL TR XS, Y —v A /= av Ty
Y F (GlE4) REZFHLCEI XA/ 2ATH S, 5EO EU DS 0FHHT, AR X
D X 51T (leading) L 220 )] (intensive) IZifED T3 Z & 2R TE 72, — /T,
JPEC OFi e L CFZERIF T 25k 2B L. EEMEr 62 FHICnwsZeicdbh, Tk
T Concawe flliC b E 5272 EZ D, TOEEDOERIE. HEX (JPEC - Concawe) DI
WA B LTI DICRGINT - ZRBTE 2 LICH B,

LSBT DT

1) 2o 6 HRTEMFTRERETEST 2, 7TH2 515 HSMNL 72 EHENR EU FHEEE L
T, JPECHloE DL LTHIET 2, SFTIRHMEICEOE L TOWEICLTHRL Y,
(e FHFFoh 7z, REOIRTIEN 2 2% DRI IZFHED W& DTk )

2) LD H - 72 JPEC & Concawe & O ILFIEGHO AJREMEIIMET L T & 72\, 11 HICTFE
LCTw3 ERTC & & EU ChHilfE T L3 ERAKICIE. HA2 D ST 2 FiERD T,
AT HEEFALCHETs L 23,

3) Xl [HKABEMSE] 13, HAIC Concawe A v N—Z48FF L CHIET 2 EE & /e

L al DFHEFE & Rk, HREHEE L A3 Sk T < 28, Ko HfEE LT 2023 4
12H%¥@%ﬁibfﬁ<(%%:1ﬂﬁh
- HAIcHficE 201k 6 HUMTH 5, £7- 1 HURRIZERERITE D TRET 720,
-EUMICIZ, 9 A2 S 10 HiZh I CHBIRVEDEEI TG R EAH VT 2w, /2 11 H
121X ERTC %% Concawe il Cd ZEHEE T 2 EE LY R0 H 5720

=
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