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Net Zero Emissions by 2050 Scenario (E1) Shares (%)

2020 01 2030 2040 2050 2021 2030 2050

Total energy supply 542 592 624 561 524 532 100 100 100 1.2 <05
Renewables 45 63 74 172 307 373 12 £} 70 99 58
Solar 1 5 5 34 87 124 1 6 23 23 11
Wind 1 [ 7 28 67 85 1 5 16 17 9.1
Hydro 12 16 16 21 27 30 2 4 ] 3.2 2.3
I Modern solid bioenergy 24 33 S 58 73 7a | 6 10 14| 55 26
Modern liquid bioenergy 2 4 4 12 14 12 1 2 2 12 36
Modern gaseous bioenergy 1 1 1 7 12 15 li] 1 3 21 8B
Other renewables 3 4 5 13 26 34 1 2 6 12 7.1
Traditional use of biomass 25 24 24 . - e na. na.
Nuclear 30 29 30 43 59 63 5 8 12 8 26
Unabated natural gas 115 13% 146 105 34 14 23 19 3 -36 -7.8
Matural gas with CCUS 0 o 0 8 21 27 0 1 5 kL] 15
Ol 173 172 183 143 76 40 29 26 7 27 <51
of which non-energy use 25 29 31 34 32 29 5 6 5 11 <02
Unabated coal 153 157 165 86 15 2 26 15 ] -1.1 -14
Coal with CCUS . o /] 3 13 14 ] 1 3 91 29
Electricity and heat sectors 200 228 242 246 31 381 100 100 100 0.2 16
Renewables 21 37 40 107 228 293 17 43 7 12 7.1
Solar PV o 3 4 27 69 97 1 11 26 25 12
Wind 1 [ 7 28 67 85 3 11 22 17 9.1
Hydro 12 16 16 21 27 30 [ B 8 32 23
Bicenergy 5 9 10 18 33 38 4 7 10 6.5 46
Other renewables 2 4 4 12 31 a4 2 3 12 15 8.9
Hydrogen - - . 3 7 7 1 na. na
Ammonia . . - 1 3 3 0 1 na. na
MNuclear 30 29 30 43 59 63 13 17 17 38 2.6
Unabated natural gas 47 55 57 40 1 1 24 16 ] -3.8 -14
Natural gas with CCUS - - - 1 3 4 - 0 1 na. na.
oil 11 7 8 2 1] 0 3 1] -13 -17
Unabated coal 91 99 107 a7 0 ] 4 19 0 86 -33
Coal with CCUS - 0 0 2 8 9 0 1 2 89 28
Other energy sector 51 59 61 65 72 75 100 100 100 0.6 0.7
Biofuels conversion losses - 5 b 14 16 13 100 100 100 10 2.7
Low-emissions hydrogen
Production inputs - 0 1] 14 41 58 100 100 100 126 35
Production outputs . o 0 9 28 42 100 100 100 131 37
For hydrogen-based fuels . 2 9 14 23 34 na. na.
For other energy sector - 0 ] 0 5 1 na. na.

HAIEA, “World Energy Outlook 2022”1z MRI /%
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Table 1: Feedstock conversion pathways (adapted from Pavilenko et al., 2019)

Yield (tonnes liquid
Feedstock Conversion pathway | fuel/tonne feedstock) Source
GREET, 2018, Pearlson

Waste olils HEFA 0.9 et al. 2013
Ag residues Gasification-FT 0.2 GREET, 2018
Forestry residues Gasification-FT 022 GREET, 2018
Municipal and S
industrial waste Gasification-FT 0.07 GREET, 2018
Cover crops Gasification-FT 0.2 GREET, 2018
Flue gas ATJ (ethanol-to-jet) 0.46 Tao et al., 2017
Electrofuels PEL

HF)ICCT, https://theicct.org/wp-content/uploads/2021/06/Sustainable-aviation-fuel-feedstock-eu-mar2021.pdf &V MRI /&%

EERBEENR-ZHNEDD TELT —ENORABRE LT o/HERN 2.2(3)4) DEHNETH D,

& 2-7 FFEBERSICHTS HEFA,FT GRDRFBIARIELERNR

H2Z4E FT BRshER BEREHAE(MI/t) | FT AERCHEAE(MI/t) | TROREE) | THRORERE)
HEFA 39,800 0.9 0.9158
BEEE-tIIO—RFR , ) .
s%ﬁ%“ﬁ t % 18,000 40,500 0.2 0.45
HRITRE 19,000 0.22 0.4689
BEZEY) 20,700 0.07 0.137

HIFT) BFECEEL Y MRI VL

H AR ) =V EROBESRIL IRENA & ETSAP 7 —AIZ k5L TRED@Y THY . 55 LEE,

#& 2-8 ETSAP.IRENA [CHIFBHREAS ) — IV ERDELERNER

Table 3 - Summary Tables - Key Data and Figures on Bie-methanol Production

‘Overview of indicative data for (bio-)methanol production from literature

Mo bl

Feedstock LT '""'_“;'“'“ PR ductioncost® | energyuse® | Efficiency® (%) m&”"m, e “”: ;
pecly (ki) (EURM methanol) (GJt)
Coal 220 (China) 150-300 > 35 50-60% n.a.
1,900 (Trinidad & ) ¥
Natural gas o 100-250 29-37 60-70% 08
Wood 400 (proposed) 160-840 n.a. 50-60% 0.6
By-product/ 200 (Netheriands) .
400 (proposed) 200-500 na 50-60% 06
16 (lceland) y
CO; 40 (pro d 500-900 na. na. na.

a) Estimates based on Figure 2
B Values for conventional methanct from UNIDO (2010 for big-methancd, non-renewalbie energy use is highly dependent on Source of process enengy
(steam and electricity)
€) Beedermann et al. (2006); Hansen (2005); Bremberg and Cheng (2010). Efficency is defined as the ratio of the process outputs 1o the fuel inputs
(based on lower heating values).
d) Cradle-to-factory gale emissions indications from Majer and Grangroft (2010). The value for wood refers to short rotation coppice, whereas the value
Tor waste streams refers to logging residues.

Data Projections Typleal projected international values and ranges
Technology Variant Coal Natural gas Wood By-product/ waste CO,
- S . Global; major production hubs in Chile, | Canada,

Current regional application China MENA region, Russia, Trinidad & Tobago | Sweden Metherands, Sweden | lceland

. Around 90 plants globally; production of 45 million tonnes .
Global capacity in 2009, with 60 million tonnes expected in 2015 Around 200,000 metric tonnes per year
Lifetime/capacity factor >25 years | 85%

. Gasification efficiency is expected to improve by 5-10% through technology innovation, but limited

Technology expeciations efficiency improvements expected in the syngas-to-methanol step

HFF) ETSAP/IRENA, https://iea-etsap.org/E-TechDS/PDF/I09IR Bio-methanol MB Jan2013 final GSOK.pdf

FEEMI DA X FEENZRIL jefma(https://www.jefma.or.jp/jefma/53/pdf/metan.pdf) 2k Y 51% L ERE.
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2.7.3 CCUS applied to emissions from fossil fuels

A total of 7.6 Gt CO; is captured in 2050 in the NZE, almost 50% of which is from fossil fuel
combustion, 20% is from industrial processes, and around 30% is from bioenergy use with
C0; capture and DAC (Figure 2.30). The use of CCUS with fossil fuels provides almost 70% of
the total growth in CCUS to 2030 in the NZE. Yet the prospects for the rapid scaling up of
CCUS are very uncertain for economic, political and technical reasons. Here we look at the
implications for reaching net-zero emissions in 2050 if fossil fuel CCUS does not expand
beyond existing and planned projects.

Figure 2.30 = CCUS by sector and emissions source in the NZE
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2-4 IEA NZE I3-UAICHIF B8R CO2 [ERE(DAC DIEEZSR)
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& 2-12 BAYFIA BRI FTIAICHITBEIRCO2EERET NI GRRRIER R

HISERICO2 & 2030% 2040 & 2050 & HE R
B | BIRE | EIRCO2 | BAM | @IRE | MIRCO2 | FAM | BRE | @IRCO2 | &
BHEJ] [GtCO2] | ®HEJ] [GtCO2] | ®IEJ] [GtCO2]
I A | NAARIY 2.00 | 0.666 | 0.073 3.50 | 0.831 | 0.160 5.00 | 0.997 | 0.275 0.055
AR | NM#A9/— | 0.09 | 0.666 | 0.002 0.299 | 0.831 | 0.008 0.507 | 0.997 | 0.017 0.034
BB | HEFA 0 0.666 | 0 0 0.831 | 0 0 0.997 | 0 0.081
® | FTAmRH® 0 0.666 | 0 0 0.831 | 0 0 0.997 | 0 0.073
RENAFTR 58 0.666 | 41826 | 73.0 | 0.831 | 6.57 74 0.997 | 7.99 0.108
R )
E % | BRXSY 0 0.666 | 0 0 0.831 | 0 0 0.997 | 0 0.055
R | BEXS/—) 0.507 | 0.666 | 0.011 0.507 | 0.831 | 0.014 0.507 | 0.997 | 0.017 0.034
LSFO 34.0 | 0.666 | 1.75 28.0 | 0.831 | 1.80 22.0 | 0.997 | 1.70 0.077
LNG 29.0 | 0.666 | 1.06 20.0 | 0.831]0.916 1.0 | 0.997 | 0.604 0.055
DAC — — 0.12 — — 0.62 — — 0.98 —
HRRIEE (E)) 2030%F | 2040% | 2050%
=125 38.6 34.1 45.2
INAZ R AR/ EESRERSK
BEXY/—IV 20.5 18.1 24.0
AT 0.64 2.87 4.78
DACH3k
BEXY/—IV 0.34 1.52 2.54
HAT) ZTEE R LY MRIFERL
& 2-13 BREIDFUAICHIFBEURCO2E - SR ERE
HISRRICO2 & 2030%F 2040 F 2050 & R
5
MEHR | ERER ERCO2 | MM R | ERE | @ IR C O 2 | MHPR | @IRE | @IRCO2
BHIEJ] [GtCO2] | HIEJ] [GtCO2] BIEJ] [GtCO2]
A | NAARSY 2.00 | 0.666 |0.073 |3.50 |0.831 |0.160 5.00 | 0.997 | 0.275 | 0.055
AR
B | NAXH/—)b | 0.09 | 0.666 | 0.002 | 0.299 | 0.831 | 0.008 0.507 | 0.997 | 0.017 | 0.034
% | HEFA 0 0.666 | 0 0 0.831 | 0 0 0.997 | 0 0.081
FTEBH 0 0.666 | 0 0 0.831 | 0 0 0.997 | 0 0.073
AEN1ATZ | 58 0.666 | 4.1826 | 58.0 | 0.831 | 5.22 58.0 | 0.997 | 6.26 0.108
BERIREED
E¥ | BRXTY 0 0.666 | 0 0 0.831 | 0 0 0.997 | 0 0.055
FA3k
BHX9/—) | 0.507 | 0.666 | 0.011 0.507 | 0.831 | 0.014 0.507 | 0.997 | 0.017 | 0.034
LSFO 34.0 | 0.666 | 1.75 28.0 | 0.831 | 1.80 22.0 | 0.997 | 1.70 0.077
LNG 29.0 | 0.666 | 1.06 20.0 | 0.831 | 0.916 1.0 | 0.997 | 0.604 | 0.055
DAC — — — 012 | — — 0.62 | — — 0.98
FERIREE(E)) 2030%F | 2040%F | 20504
BEAY Y 38.6 29.1 35.8
INAATREIER/ SRR
BEXY /=) 20.5 15.5 19.0
BEXY Y 0.64 2.87 4.78
DACHI®
BEXY /=) 0.34 1.52 2.54
HAT) BHEERL LY MRI EK

BB & BRIREI D T I —/ 7)) — VDB DOV TIZIA I WEW I2E > TEFIVTIREIND,
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3. ME3XbE

AFABICBITRRAANMITROEZEZIESIHABE 2 T-oTW 5, EEELLETHY  EERIIIE
CAPEX(JRFaANE), OPEX, Rt/ HITAEAR. KEREMA. KR/ PR E - IrI A NE2fE B
F 52 L CRET B30 5 & BB L 7, RETCIRFEEREMRA L HB U OB AT 3E LA O\ Tl
T 5, BEENSEEXNTO RN ER DRI HE L TR L7 — 451,

T EIEEEFAERTDOKE - T VEZTDIANABED O ATH S, —HELERE (XX, AR
J—=IV) DB FHEEIZZR) DD o722 DIEEETT-7,

- P —

f
o |

#Brown- (XA Ao Ea

— SRS
withou LR IIRE, ‘ (DACCUS)
| without CCS) 4, it 8 Se J (X928 -

COLNKREROCOZRE L LM,

ISAAHZ
FERY I ERER
EMAAE

3-1 KF-PUEZPICHITBMRIAXNHEDER

= — BAEASE
FY = AEBLUT N —KEEBHETIRHONE - T 0ER

HFT) B 4 FEERESERIEY

FEIZIMZTNANA AT A, SRR EID I A NREIZ OV TILERESE T RIS Y T E RS R T -BIz
FORPOBRBL 2 BINU-Z e 2B E 2 TG UTEIZ CAPEX OFBIIAMEE L 2> T W5,

3.1 IM7AYR

2.3 6), %2R, FRIANEREE UTRERBIRT VIV ER U220 Y DOIEBEIGREE A. T1
THORRBAREAE, BERNRURREIIISU TR 2T,
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3.2 G

BEAREEGERAZ ) —IVFHEEEREE INTOARER CO2 DAAMIDWTHMbE T o7, BN
LEBRRIDOITRE 8% CO2 fliMEDERE %l IRENA DX #E e SEIZTROBYRE U,
® FEZEMHR-NAAYAHR CO2 it : IRENA DOXEANS2020F XU 2050F DK CO2 ffitg %5l
FAU. 20304, 204 0FDAfitg 2 #7F CHEFH 21T > 7=, N1 A RARL D E E HE IR SR DAHHEIZ DOV TE
FfEZMEAELUZ,

£ 3-1 EERF-N1AYREF CO2 IR~

20305 20408 | 2050%F

EERFCO2EHE
(USD/t-CO2) 53.2 48.3 43.4

HT) IRENA “INNOVATION OUTLOOK RENEWABLE METHANOL” https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA Innovation Renewable Methanol 2021.pdf (Z MRI i
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol_2021.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Jan/IRENA_Innovation_Renewable_Methanol_2021.pdf

® DAC Hik CO2 ffitg: 2020FDMMitgId, FEEE 2 BEEL, (RIRRHE LML 2 —D3#»S DAC
? CAPEX, OPEX %5|FU#Et, 2050FZMF T, IRENA DOXERAS 51 A L722050F DAfF&IZHE
F R 2 LARE L, 20304, 204040 DAC H2kD CO2 flikg & #Et L7z,

& 3-2 DAC 3% CO2 Jxh

DACHIFCO2{f#s

|3 DAC 2R b (DAC : 896 ki'y)

mER 123 00075 5 M [ 123048
LN pfish/l = Al )
EER [T IR T ) y
RAHL 1450TT M,y | EHRE 015 Iy 20205
AR L] QIVEBER SHBRM A u
it 20,7
__
Il-i
[ex 133|ME 1 s M
Call0 14
] | i4.7
H (FA/kg-Coy) 5.4
[T EETIGI e 13l e E A=
| |
DACH+EE 23k (P g 000 16.7]

[ e e g
e ey | e

Fasl ]
DACHSECO2EHIE 20304 2040%F| 2050F

(USD/t-CO2) 259 179 100
) E VI PGB S R ARV R A (GRS M > 4—“ “ Bk 0D Direct Air Capture (DAC) %MD b

2050F
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4. CI{E.WtW fB

WtW & (CI fENIZOWTEMEEEMRE L ARRDE 2/ £ RA L2, BRIIZIZ, IEA NZE Y FVATH

S5NBT —R &Il MRBLE T O AR—AD TRAE L& 1T o7, TOHT—EHEMAFABEDEEYD
FRE IR D 7= D B RESERE VBN & 1T o 7, BFM AR RFHI OV T TRDBY TH D, FEEE
MORBEINTWROWERPEEDFFMIZEIE,

4.1

R BT O ACE DX MBAEERO T I F —T70— T 7L 7 —IIEOXEH LA,

[EA O NZE Y FVFIZEDIE RIFEE D CO2 HEHFEEALE 2040 FEIT¥ L2558 E U,
INA Z IR DR RHERIZE W T, BRI A EICL 28 2 (ALUC, iLUC £ £)IZERU TR,
NAFEBD WET HEHHEIR BRI LREDEFERS LOFRRHNED7-0HIZ a2 N1 U X0lE RS
THVWONSLAERBHIRE XS, ThoDfREE 2050 ERRATIEL2THIAERENLIN
TWBLEREL,

LEDBEY  RRHEEIZRD TANF =L uH b INE Y F VA DD, WTNDZY—V R, NA
ZFRIRELE. 2050 NS TH—RYy = a— bR gEL b L 3R E L,

KIZTIW O GHG 58EDEZ FIZLLTDE) TH S,

FIX CO2 IZ2W\WTIE, — KA ARHIBEHE I MELARRE U=,

CI{E(WLT HRLE) D&M

CHEEERAN OBIEZ TDFEHALTOLDRIRDEY | REEH /IZNA A< ZARRIRE ON1 7

HFO)IZ HEFA, FT AN R E L TEMS M7=, ZhHd CHEIZDWTRES Uz,

@2020 Fhm:
OCORSIA DT 7 ANVII7A 7V A ZIVHFHEDR 4-2 128175 HEFA, FT &50H (2020 F)DH b,

X &g e 2R THEDFEIEZERAL, & 4-1 DBV L UFERIDENIEZ.

Ot N1 Rt RIRRIZ, £H#F S EIZL SHEHE (ALUC, ILUC &BI0)IFFERBU TR,
OFFEENE A K& BEL, NS EE B LY,

@2050 FEf s N AP RRRIC, £ TETAHRESEINTOHEEEL, TOERE,
@2020 FnS 2050 FIINI TR THAD TIHLEKE,

& 4-1 HEFA.FT SRGHD WtW HRA1E

WtW {E(gCO2-ea/MJ) | 2020 & | 2030 &F | 2040 F | 2050 &F
HEFA 18.6 12.5 6.2 0
FT GEGH 7.1 5.0 2.5 0
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& 4-2 CORSIAICHIFT5 HEFAFT &RCHD CL{E

Table 2. CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels produced
with the Hydroprocessed Esters and Fatty Acids (HEFA) Fuel Conversion Process

Core ILUC LS
Region Fuel Feedstock Pathway Specifications LCA LCA -
v (gCO2e/MJ)
alue|_Value
Global Tallow 225 22.5
Global Used cooking oil 13.9 13.9
Global Palm fatty acid distillate 20.7 0.0 20.7
Global Corm oil Oil from dry mill ethanol 17.2 17.2
plant
USA Soybean oil 404 24.5 649
Brazil Soybean oil 404 27.0 674
Global Soybean oil 404 258 66.2
EU Rapeseed oil 474 24.1 T1.5
Global Rapeseed oil 474 26.0 734
At the oil extraction step, at
least 85% of the biogas
Malaysia & . released from the Palm Oil
Indonesia Palm oil Mill Effluent (POME) treated 374 32.1 76.5
in  anaerobic  ponds s
captured and oxidized.
At the oil extraction step, less
than 85% of the biogas
Malaysia & . released from the Palm Oil
Indonesia Palm oil Mill Effluent (POME) treated 60.0 39.1 99.1
in anacrobic ponds s
captured and oxidized,

Table 1. CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels produced
with the Fischer-Tropsch Fuel Conversion Process

Core ILUC LS
Region Fuel Feedstock Pathway Specifications LCA LCA Cco ;’MJ
Value Value (€02 )
Residue removal does not
Global Aericultural residues necessitate additional nutrient 77 77
oba gricultural residues replacement on the primary . :
crop

Global Forestry residues 8.3 8.3
Municipal solid waste 0.0

Global (MSW), 0% non-biogenic 5.2 52
carbon (NBC)
Municipal solid waste

Global (MSW) (NBC given as a NBC*170.5 NBC*170.5
percentage of the non- +52 +35.2
biogenic carbon content)

USA Poplar (short-rotation 122 52 7.0
woody crops)

Global Poplar (short-rotation 122 8.6 208
woody crops)

USA Miscanthus (herbaceous 10.4 329 225
energy crops)

EU Miscanthus (herbaceous 10.4 220 L6
energy crops)

HiFr) CORSIA “CORSIA Default Lift Cycle Emissions Values for CORSIA Eligible Fuels” https://www.icao.int/environmental-
protection/CORSIA/Documents/CORSIA Eligible Fuels/ICAO%20document%2006%20-%20Default% 20Life % 20Cycle % 20Emissio
ns%20-%20June%202022.pdf
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