WESME
K BHARBET RLX—2023 2028 FEETOHHTETH (FE2E EmA /A BREH
(Renewables2023 Analysis and forecast to 2028)

Renewables
2023

Analysis and forecast to 2028

1



H X

EXECUtIVE SUMMATY ....ooiiiiiiiiiiiiiiiiiee ettt ettt e e beesaee e 7
Chapter 1. ELECETICITY . ..coiutiriiiriieiieiie ettt sttt ettt ettt st e e esaeenaees 14
Global fOreCaSt SUMMATY.....iciciiieiiiicciiieciee et esiee et e e et e e teeesebeeebeeesaeesrseesnseeeraeessseenns 14
Net Zero Emissions by 2050 Scenario tracking.........coooeevieieiiiiiiiiiiiieieeee e 25
Regional forecast trends....oouiiiiiiiieieeie ettt et e 28
Technology, market and policy trends.......cecvierciieeiieeie e 48
Chapter 2. Transport BiofUels ..........cceoiiiiiiiiiiieiieeeeee e 94 « HIER
Global fOreCast SUMMATY......cicciiiiiieeiieitieeieeeee et e esere e beesteeeteeesbeesaseesebeesaseeensseensseesnnes 94
Net Zero Emissions by 2050 Scenario tracking.........ecveevveeecieesieeeceierieeeieesveeeveeeeve e 102
Technology, market and poliCy trends........c.eeeriieiiieriieeee et 107
Chapter 3. HEAL ....couviiiiiieiieeeee ettt sttt 114
Global fOrecast SUMMATY.....c.iecciieeeiieeeiieiieeeiee et e eieeeeteeeteesseessseesssaesssaeessseessseessseessseenns 114
Net Zero Emissions by 2050 Scenario tracking.........ccveercveeeeieercieeeciienieeeieesieesveeeeee e 122
Technology, market and poliCy trendS........c.eiecuiieiiieiiieeiee et 123
Special section: Biogas and biomethane.............cocoviiiiiiiniiiiiiniiiceeeee 131
B ST oo D Tod Lo s N PSSR 131
S TeY = R o o b AU 132
Biogas and biomethane fOTECAST .....ccviiriiieiiiiiiieiieciee et eee e eae e ree e 137
Net Zero Emissions by 2050 Scenario tracking.........ccveerveeecieeireeeceienieeeieesveeevee e e 140



%0 BRI TR

QRO EITE

PrEEE D3N A ABREHIH © BUR D IE % ZE 5 |

NAFIREOTFEIL, 2023 4E S 2028 FEICH T Tk 5 EM & i LTI 30% (380 fE Y v b ) Hk
RKTDETHIND, N4 AR ORTEE L 2028 4 F TIC 23%ML 2,000 £ v P ic7x 3, FEN]
BET A —X¥NETR) = ABRZOWIND 357D 2 2D, BOBAAFT 4 =L EANLF T 2 MR
BLos i 3,

NA BB OFHTFEDIZ L AL IF, FHE, FICT7 7NV AV EAYT . AV ETHDL, ThH3H
Eiz i, %l&»%ﬁ%ﬂ&ﬁ HEEHRIE RN, BEARFERET vy L EHL TS
IR =N NAFT 4 =¥ LD I =h6®ﬂﬁﬁﬁ%%ﬁbfwéoﬂktl\h%ﬂ\HK&
8@%L!%@F&%%ﬁmtfw5ﬁ BREABEOW K, HligPR o[ E, N4 A REloEa A b,
PR A 2 COHERIC L ) IR O NIIBREN TH 5, BEWRERT 4 —E VR e N4 4V 2y
~ BREH \unawﬁﬁmztﬁﬁﬁﬁaﬁéo

R DNLET — 2 Tld, BEFEOBEESS L E 1, 1L Wi ToNA FRBEERL KT 2720, FED
BRI TFHIOIZIE 3 I (ARED 12060 FF oAy b IviaviF A b ovF s+
7 vaviEsiR),

BN (E) EBFEX A TNE)D S5EZ L DAL FBRBRIEEOMMY, 24 V7 — &, 2011-2028 4

Five-year biofuel demand growth by fuel (left) and economy type (right), main case,
2011-2028
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Five-year biofuel demand growth (left) and road transport demand growth (right) in
emerging economies, main case, 2023-2028
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Biofuels and renewable electricity in transport (left) and avoided oil demand (right),
main case, 2022-2028
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Notes: (Right) R-elec = renewable electricity used by electric vehicles. Electric vehicle renewable electricity use is consistent
with our main case renewable electricity forecast. Avoided oil demand for electric vehicles accounts for the higher energy
efficiency of electric vehicles compared with combustion vehicles. Electricity use for cars, trucks, vans and buses is included,
but rail transport is not. (Left) Row = rest of world. Mboe/d = million barrels of oil equivalent per day. Oil displacement
estimates exclude biofuel use in each region and assume electric vehicles substitute for vehicles in the same class (i.e. an
electric SUV replaces an equivalent internal combustion vehicle or hybrid). The full methodology is available in the Global
EV Outlook.

Source: IEA (2023), Global EV Outlook 2023.
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Biojet fuel five-year growth in demand and capacity additions (left) and feedstocks
(right), main and accelerated cases, 2023-2028
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Notes: APAC = Asia-Pacific region. RoW = rest of world. FOG = fats, oils and grease. Capacity potential is based on project
announcements. Main case potential capacity includes projects under construction, having obtained a final investment
decision or highly likely to be constructed. The accelerated case includes all proposed projects that have a planned production
date. “Vegetable oils" indicates soybean oil, rapeseed oil, palm oil and corn oil; “Residue FOG" includes used cooking oil,
animal fats and palm oil mill effluent; and “Other” covers wood wastes, municipal solid waste and unknown feedstocks.

Sources: Capacity estimates adapted from Argus and S&P data, and company announcements.
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E-fuel demand and planned capacity additions to 2030 (left) and levelised cost ranges
(right)
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Notes: FID = final investment decision. Aviation and road demand estimates are based on offtake agreements for e-fuels and
EU policy commitments to 2030. Marine demand estimates are based on offtake agreements for e-ammonia and e-methanol
to 2030. Planned capacity is based on the IEA Hydrogen Project Database. Planned marine capacity includes methanol and
ammonia specifically for transportation purposes. Fuel cost estimates are based on the levelised cost of production for e-
fuels and biofuels. Fossil fuel prices are market averages.

Sources: For SAF offtake agreements and global hydrogen offtake agreements for green ammonia: Argus (2023), The Role
of Low-Emissions e-fuels in Decarbonising Transport.
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Notes: The blended cost is the total value of the gasoline with ethanol, or the biodiesel/renewable diesel with conventional
diesel. Implicit subsidies are calculated by subtracting the gasoline or diesel price from the blended cost. The octane benefit
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Prices include production and distribution.
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Forecast implicit subsidy ranges in the main case, and historical averages, 2010-2028
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Notes: The blended cost is the total value of the gasoline with ethanol (left) and the biodiesel/renewable diesel with
conventional diesel (right). Implicit subsidies are calculated by subtracting the gasoline or diesel price from the blended cost.
Historical ranges are based on average annual maximum and minimum implicit subsidies between 2010 and 2023. Future
gasoline and diesel prices are equal to average prices between 2010 to 2023, whereas future biofuel prices are based on

estimated production costs using forecast feedstock prices from the OECD-FAQ Agricultural Qutiook 2023-2032.
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Biofuel feedstock demand growth by fuel and region, main case, 2023-2028

Ethanol Biodiesel and renewable diesel Biojet fuel
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Notes: RoW = rest of world. UCO = used cooking oil. Forecast feedstock demand is based on the production forecast,
planned capacity additions (with stated feedstock preferences) and policy-imposed feedstock limits.
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Value of low-carbon fuel standard-type policies based on carbon intensity, credit value

and fuel type (left), and carbon credit value based on existing carbon intensity policies
(right)

® 080 40% g 070 35%
S % 0.60 o 30%
0.60 30%
3 % 050 25%
3 040 o% £ 040 e
g T 030 15%
- —4 =
® 020 0% g 020 10%
(& S 0.10 5%
0.00 0% 0.00 0%
15 15 50
- Biojet fuel | Ethanol
@25 USD/tonne CO2 @75 USD/tonne CO2 BLCFS OIRA - SEC 408
@200 USD/tonne CO2 O Share fuel cost BIRA - SEC 45V @RenovaBio

IEA. CCBY 4.0

Notes: LCFS = low-carbon fuel standard. IRA = Inflation Reduction Act. Credit values in the left graph are based on the
difference between the example biofuel lifecycle carbon intensities (-15, 15 and 50 g CO2/MJ) and default lifecycle carbon
intensities for gasoline (85 g CO2/MJ), diesel (89 g COz-eq/MJ) and jet fuel (89 g CO2/MJ). “Share of fuel cost” is the value
of the carbon credit relative to the estimated levelised cost of production for ethanol, renewable diesel and biojet fuel in 2023.
US biojet credits in the right graph are based on an LCFS credit value of USD 75/t CO; and the value of Sec. 40B -
sustainable aviation fuel credit — beyond the minimum threshold and IRA Sec. 45V for hydrogen with a carbon intensity below
0.45 kg CO,-eq/kg H2. Biojet fuel in the United States is also eligible for the RINS under the RFS (estimated at USD 0.48/litre)
and the base Sec. 40B value of USD 0.33/litre. Fuel share is based on the levelised cost of producing biojet fuel using low-
GHG-intensity hydrogen and used cooking oil. Brazil's ethanol value is based on the average 2023 RenovaBio credit value
of USD 23/t CO: and the value per litre of ethanol at different lifecycle GHG intensity values. The share of fuel cost of these
credits is based on the estimated levelised production cost for sugarcane ethanol in Brazil for 2023.
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