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Key Points

v Quantitative projection of global energy supply and demand through 2050,
using two scenarios:
(Reference: Current Trends & Adv.Tech.: Maximum Climate Action)

v CO, reduction requires deployment of all available technologies across
sectors.
(1) energy efficiency, (2) renewables (especially solar and wind), and in
the longer term, (3) CCUS will make particularly significant contributions.

v" Fossil fuel demand faces significant uncertainty. Stable supply remains
essential over the coming decades.



IEEJ © 2024

Scenario Framework

® Created global energy supply and demand outlook through 2050.

Conducted model analysis incorporating latest energy and socioeconomic data. Estimated energy demand by type
and CO2 emissions for 44 regions + international bunkers.

® Established two scenarios with different technology and policy progression assumptions.

Both are forecast-type scenarios examining “what if” scenarios, not backcast-type scenarios (which calculate
backward from targets to determine “what should be done”). Target achievement is not necessarily incorporated.

Technology Penetration Ambitious [Advanced Technologies Scenario]
tAmount of low carbon-tech. Target (Adv.Tech) _ o
*e.g. Renewables, Efficiency Maximum implementation of policies for

energy security and climate action, with

technologies deployed to maximum extent
(considering feasibility and acceptance)

[Reference Scenario]
Continuation of current trends in energy
and environmental policies.

/prese " fime— *Does not imply fixed current policies/technologies




Primary Energy Demand:

India and ASEAN at Center of Demand Growth

® Reference: Primary energy demand increases 14% from 2022 to 2050.
Real GDP doubles during this period. Efficiency improvements and industrial structure transformation suppress demand.

® Adv.Tech.: Energy efficiency improvements accelerate, and primary demand peaks before 2030.

® India and ASEAN drive demand growth in both scenarios, pushing up global demand.
Global emissions reduction requires engagement of these two regions plus other emerging/developing economies.

Primary Energy Demand (Global) Primary Energy Demand Change (2022-2050)
==Reference ==Adv.Tech. World e
International Bunkers 2 India —
o 14.9 - 17.0 &, ASEAN —
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10 238 Middle East e
%Lu Latin America —
UE_, Europe/Eurasia - = Reference
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Advanced Economies pummmmmrs
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CO, Reduction: Energy Efficiency, Renewables and CCUS

Energy-Related CO2 Emission(World) ® Reference
Gt-CO
40 i - While demand continues to grow, energy
transition trend suppresses emissions.
3411
35 329 326 325 326 32.7
0 I I 1) Energye Adv.Tech.
Efficiency . (1) energy efficiency, (2) solar/wind, and
25 I 2) Solar, (3) CCUS play key roles in global reduction.
20 mm Efficiency I Wind, etc.
Electrification 205 .. . . .
Noear L 3)ccus ° (1)and (2) contribute significantly from
15 == \Vind, solar, etc. AN 2030, CCUS expands after 2035.
Bio-/synthetic fuels
10 Hydrogen 129
Other non-fossil fuels et oo - Gap remains between “2050 Net Zero”
> i“gg"?;ggag“gggg“" o target, particularly challenging for
- BECCS/IDACCS * | | emerging/developing nations and non-
—Reference power sectors.
(5) —Adv.Tech.
2022 2030 2035 2040 2045 2050

*Although not originally applicable to energy-related CO,, the offsetting effect is included
for reference. 5
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1) Energy Efficiency:

Different Priority Areas by Region/Economic Level

Sectors with particularly effective efficiency improvements vary by region.

® Advanced economies ® Emerging economies focus ® Developing economies (africa,
show improvement in on industry. Other Asia) Show major
efficiency across sectors. Maijor industrial production in reductions in residential.

Transportation can show China and expected growth in The household transition from

India/ASEAN make efficiency

particularly large improvement due TRrSEmE S G,

to xEVs with far better efficiency

traditional biomass (wood).

than ICVs.
Yo,
. O
/16 &, 0, % U 4, < %
Cq O Q. 4 ' ’)) ‘9/ '7/° -
’76 059, S ‘9% T o, 6'\7,1, 4:9@ 7 % s, %

Difference in ; I . . . - - ® Transport

Final Energy Demand

[Adv.Tech.-Reference] g Industry
> Buildings,
(2050) -400 otc.

00
Advanced Economies Emerging/Developing Economies



1) Energy Efficiency: Delayed Effect of Improvements

Average annual improvement of
primary energy demand intensity (World)

2010-2022 2022-2030 2030-2040 2040-2050

® Energy Efficiency: Delayed

EffeCt Of Improvements' ST Reference -1.4% -2.0% -2.2% -2.0%
Intensity improvements in Adv.Tech. Advanced (history) -2.5% -3.1% -2.7%
become particularly evident after
2030. Average fuel economy of

passenger vehicles Average years of |
. . _ equipment use (example
® Flow efficiency (new equipment) (Adv.Tech., World) quip ( ple)

(eXIStm_g equipment) with delay _ 50 Industry  Blast Furnace 10~25

- Particularly pronounced in industrial 40 Boiler T
sector with long equipment lifespans

) . Buildings  Air Conditioner 10~20
Early action is necessary for 30

significant efficiency improvement by e 30~

2050. 20 Transport Passenger 10~15
Vehicles
Improvements in flow 7 _

10 efficiency are belatedly Airplanes 20~30
% 0 reflected in the stock Power Thermal 25~40
% Solar PV 15~30

2022 2030 2040 2050
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2) Renewables:

60% in Advanced, with Total Generation Increasing Significantl

TWh
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Power Generation (World)

= Hydrogen

m Other renewables, etc.

= Hydro
® Nuclear

Natural gas with CCS

= Natural gas

m Qil
Coal with
m Coal

Reference

39,903

()]
~N
o
(]
—

Adv.Tech.

® Power generation in 2050 requires
1.6x (Reference) and 2.0x (Adv.Tech.)
vs. 2022 levels.

- Substantial power demand increase is
unavoidable in both scenarios.

- Particularly in emerging/developing economies;
urgent need for generation and transmission
expansion.

® Adv.Tech.: "Renewables (excl. hydro)"
increase dramatically to 60% of power.
« Mostly solar and wind; implementation at this

scale requires fundamental intermittency
countermeasures.

® Nuclear expands particularly in
emerging/developing economies.
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ment Potential in Industry and Power Generation

® Adv.Tech. projects total CCUS deployment of 5.1 Gt-CO,, by 2050.

Power sector shows largest reduction potential for point-source CCUS.

In industrial sector, CCUS becomes a key decarbonization method for sectors with limited
electrification potential, like steel and cement.

Carbon removal (BECCS, DACCS* in this outlook) expected to be higher cost but valuable for offsetting
residual emissions.

CO, emissions and reduction/removal by CCUS

20 180 (World* Adv.Tech.)
18
16
14 12.9
12
10
8
:
4
2
0
w/o CCS Power Industry LNG etc. w/CCS BECCS DACCS w/CCS
excl.CDR +CDR

*BECCS: Bioenergy with CCS, DACCS: Direct Air Carbon Capture and Storage
Both qualify as negative emission technologies directly reducing atmospheric CO,



Fossil Fuel Demand Uncertainty: Wide Gap Between Scenarios 4

® Large divergence in fossil fuel demand between Reference and Adv.Tech. scenarios.
While pursuing energy transition, stable fossil fuel supply remains necessary.

e Oil shows the largest demand difference, with road transport accounting for over half. Uncertainty in EV/HEV adoption, and
ICE efficiency improvements.

e Natural gas and coal demand differences primarily driven by power generation and industry.

Mtoe Primary Energy Demand (worid) Primary Energy Demand (worid, 2050)
Mtoe

6,000 4,878

5,000

Oil 4,533
Others Others
4,000 Industry
g R oad 2,956
3T : 3,000 2,95 USt
2000 1,657
Reference 1,000
......... Advanced
O { f ‘ ‘ | ’
Adv. Ref.

2010 2020 2030 2040 2050

Gas Coal
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Transition in Powertrain for Vehicles:

Behind Large Uncertainty in Global Oil Demand

e [Reference] Oil Consumption from ICV/HEV grows significantly in emerging economies.
« Vehicle ownership in emerging/developing economies will double by 2050 from 2022.
- Oil demand varies greatly depending on fuel efficiency improvements and powertrain choices.

e [Adv.Tech.] Efficiency improves by EV/PHEV.

- While EVs see mass adoption, ICEs and hybrids maintain presence especially in emerging/developing
economies. Vehicle choice important based on power mix, range requirements, and usage frequency.

Vehicle Ownership (By Powertrain)

Advanced Emerging/Developing
Economies Economies
Billion
2.0
1.5
1.0

-

2022 2050 2050 2022 2050 2050
Ref. Adv. Ref. Adv.

m|CV m HEV m PHEV mEV FCV NGV 11
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Summary

v CO, reduction relies primarily on (1) energy efficiency, CO2 Reduction Framework
(2) renewables, and long-term (3) CCUS. [Adv.Tech.] Power Sector  Non-Power Sectors

e Energy efficiency enhancement provides 6.2 Gt-CO, reduction; fEneray Consumption 1) Energy Efficiency
early action essential due to implementation lag.

21.3Gt

Fuel

® Renewables (excl. hydro) covers around 60% of total generation; Suitching
variable renewable capacity exceeds twice average load. 2) power =
transition i
® CCUS promising for large emission sources in power and .
3)CCUS

industry; 5.1 Gt-CO,/year capture (including CDR).

(Industry etc.)

3)CCUS

(Power)

v" Primary Demand and Power Generation Trends Intensity—

® India, ASEAN show dramatic primary energy demand increase. International climate action must
include these regions.

® Global power generation in 2050: 1.6X [Reference], 2.0X [Adv. Tech.]vs. 2022.

v Significant Fossil Fuel Demand Uncertainty.
® Under current trends, gas and oil demand may continue growing through 2050.
® Uncertainty drivers: road transport for oil; industry and power generation for gas/coal.
e Stable fuel supply remains critical through 2050.
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Thank you for your attention

® Summary and Tables are available on IEEJ website

https://eneken.ieej.or.jp/en/whatsnew/448.html

< Summary > < Tables >
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Nuckes 60 47 sa 53 ses a1 1267 136 ATt 41 21 27 65 1
Global energy supply and demand outlook through Hydro 21 25 27 29 428 40 484 530 56 17 14 15 28 41
2050 Geathermal 04 08 11 17 1 2 0 B M4 4T 40 42 11 28
Soiar wind. exc. [EE R ViERR S23 sa e o1 381 1T 266 26 W4 51 77 &8 1@
Biomass and waste 138 139 133 9 88 90 %0 147 138 1318 1300 1315 10 03 00 94 95
Future primary energy: India and ASEAN drive demand expansion Hydrog o1
I Our amalysis presents twe scenarios’ for global energy supply and demand threugh 2050 Final energy cansumption i [ —
Fellowng current frends, the Reference Scenasic prejects a L4% increase in glabal primary . - o
cnergy demand from 2022 to 2050. In cankrast, the Advanced Technologies Scenario, which 5 e S s mmr 40 I 20 2050 0
assumes the ambitious deployment of snergy and envirenmental bechnologits, shows = T2 1140 11768 943
emand will peaks by 2030 and fal 6% belanw 2022 levels by 2050. Caal 7 oew a2 ™ T8 9 S5 51 09 23 19 &0 56
I en == oo Ay i g Tt S e P e R
Taargme auad Developme Eooamaes perbealany bahs sind Aerovaboni ol Sodfheest Ecticry 2757 3006 329 3581 287 3105 3ms ez 25 12 20 3 @
“Mations (ASEAN) primary arivers.
Hest w3 W1 30 W M 05 1 06 36 33
Key CO; reduction pathways: focus on efficiency, renewables. and CCUS Hyarogen 08 09 09 Q9 El 74 132 247 na 31 na 27
Renewables and wasts wr s o st
| The Relerence Scemasio shows ghobal energy-selated cavbon diexide (CO3 emissions Indorty e 1ew aer 1m0
pisisning at 327 Ot by 20%0, a2 cficiency g ffset demand growth, The Advanced i T im amo aam
e : ALICL Buildings. etc 3379 3449 3539 3655
requires the convergence of various *Edmﬂhsm and mainly relies on three key pillars Non-energy use 1114 1160 1205 1246
gy oo - T (pes f P
2nd i), and carben capture, uSisation and storage (CCUS) deployment Electricity generated Advanced TecmologiesScenario
| Energy efciency improvements could defivex 62 GE-COs in reductions betwesn the z 5 = Z2EES
senares. The grstet pofential s in Emergig and Develaping Econemies, wheme = 37744 40956 44290 47956
cracial. This is erpecially Cosl BOTI A6 7189 6963 27 25 10 14 W % % 15 7297 568 4223 3243 254 44 52 49 21 44
cifical for Chins, India, and ASEAN, - 2 set to surge. on S5 am @3 e s 14 25 28 1 27 13 08 a5 e 2m s w0 61 45 S0 14 03
LR e SO Ay S, e Narural gas 756 BEIS 10275 11980 42 07 25 22 15 2 W 3 ST 7211 TAS0 B 77 04 13 A1 19 15
SiStEa ik s e Er e Nuciear 3301 334 334 3461 09 23 04 08 17 92 93 T2 30 432 A1 524 SE7 41 21 27 W 99
(I, i 0 T Hydro 5068 5312 558 STB1 22 43 09 10 18 15 4 12 4574 5347 STH 6162 6619 17 14 15 14 12
ou u g the rgy transltlon VR stk siciency s uren Msim the i rmord D uologsen Somemnts 200 ey Geothermal 197 215 20 242 31 43 20 33 03 03 04 05 B 21 2% 215 2 43 40 41 04 05
T Soiar photovonsics 6535 so2 9076 10109 e 187 35 78 - 41 1 @ Gon mast Tiom Taesy teews 212 52 95 1 3
| Remewable energy shows dramatic growth potential reaching nearly 60% of global Wind 5048 54 6760 755 2B 86 31 47 - 73 R 18 4931 672 867 TI0EO TIEl LT 52 69 1 2
g sleciicity generated in the Advansed Teshnologier Scemania [mcluding hydsc] Thir Cencentted solar power and marine 0 7 3 % 81 37T 12 19 - @1 a1 o ;2 3 3§ 45 45 45 01 o
[E IEW.‘ penstration Jvel maars mars tegioss vl have vasible senevable powes gemertion Biomass and waste im0 izt i3s e 57 a4 14 22 1 28 3129 iier i3 1AM 1St 57 17 25 33 28
capaty scesding & load Hyaragen - - - M 3 80 W7 na ne one 16
sterage. bransmissien infrastruchure, demand Tesponse systems inbegration with sxisting Others 02 01 01 £ 4 4 4 45 00 00 00 01 M
pumped stosage hydse and ion backup, and 5o o Carbon dioxide [€0;]
| Ovesall clectricity pemerated is prsjzcied to mcrease 1.6 times (Reference Scenaris) b foias 2z
{Adrmend Tchmologes Sanarc) fm 222 levee by 2050, sequiing mibeantal gid S et
Avoidance by carbon dicxide remaval [COR] 159 509 925 na na na
e o . - Energy and ecanomic indicators T
& g 2035 2040 2 2050 2030 205
N “mmnmmhmmmd"mkb‘d‘“"‘t |Gross domestic product [GDP] (§2015 bilien) 110594 126311 143085 163414 184008 27 26 26
8 i . lpita Frer iy eirrviren I
~ [GDP per capta (52015 thousand) B 16 18 19 18 20 19
oy gy consumption e cap 15 47 15 15 15 07 -0 08
© rinany vy consimatan s P os 20 k) 3 me w8 75 25 28 28
- erery-rested CO, emissonspar GO 2 96 w2 0 70 43 65 59
o] erergy reted (0, pr primary energy consumgtion” ttod

20 17 14 12 08 18 37 32 13





