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Fossil fuel and industry

“IIIIIIIIIIIIIIIIIIIIIIIII.

B|ll|on tonnes CO, per year (GtCO2/yr)
40 P1

20

0

|

A EE I EEE NN EEEEEEEEEEEEEEE N TR NN ENEEEEEEEEESE AN NN SN EEEEEEEEEEE

-20

2020 2060 2100

P1: Ascenarioin which social,
business, and technological
innovations result in lower energy
demand up to 2050 while living
standards rise, especially in the global
South. A down-sized energy system
enables rapid decarbonisation of
energy supply. Afforestation is the only
CDR option considered; neither fossil
fuels with CCS nor BECCS are used.
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BECCS

a Billion tonnes CO, per year (GtCOa/yr)

P2

n

i
)

2020

P2: A scenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with

limited societal acceptability for BECCS.
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P3: A middle-of-the-road scenario in
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.
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P4: Aresource and energy-intensive |
scenario in which economic growth and |
globalization lead to widespread ‘
adoption of greenhouse-gas intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are ‘
mainly achieved through technological |
means, making strong use of CDR ‘
through the deployment of BECCS.
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Decent Living Standards (DLS)

e Rao and Baer (2012) . Rao and Min

(2017) Tl&. Decent Living standards
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H #8) C. Wilson et al., The 'High-with-Low'
Scenario Narrative: Key Themes, Cross-Cutting
Linkages, and Implications for Modelling, IIASA
Working Paper (2023); J.S. Kikstra et al.,
Environmental Research Letters 16 (2021)

DLS Dimension

DLSDEFE L I RILF—EHNE

Activity

Construction
Energy Intensity
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Operational
Energy Intensity

Nutrition 1653-2066 kcal/cap/day - 0.8-6.6 MJ/kcal

Cooking 1/hh 0.047 G1/app 2.2 G1fapp/yr

Cold storage 1/hh 3.8 Gl/app 0.58 Gl/app/yr
2.1-8.7 cap/hh with 10.1-

Housing 2 3.3G)/m? -

14.7 m? floorspace/cap

1.2 GJ/unit (cooling)

0.0-88.3 M1/m?¥/yr

10.1-14.7 m? (cooling)
Thermal comfort
floorspace/cap ) ) 0.0-1110.8 MI/m3/yr
1.2-1.3 GJ/unit (heating) _
(heating)
Water 65 |/cap/day 0.24 KJ/I 2.36 KJ/I
Water heating 30 |/cap/day - 1.1-3.2 G)/cap
Sanitation Provided to all 2.9 Gl/cap 443 M/cap/yr
2.4 ka/yr (global North
Clothing alyr (g ) 129-744 M1/kg
1.3 ka/yr (global South)
Footwear 0.9 kg/yr 38-217 Ml/kg
Health $1024/cap/yr 3.03 GI/$
$1093/student/yr
Education (primary)
$2224/student/yr (lower
secondary)
Phone 1/hh 110 MJ/phone 28 M1/phone/yr
Bigger screen 1/hh 0.99 Gl/television 0.72 Gl/television/yr

8527 pkm/cap/yr (rural =

0.009 M1/p.km (bus)

148 G1/unit (car)

0.21-2.0 M1/p.km (bus)

1.0-2.5 MI/p.km (car)

Mobility 1.24*urban) 0.035 MJ/p.km (rail) 0.10-0.96 M1/p.km (rail)
) 0.54-1.7 M1/p.km (2/3-
7.9 GJ/unit (2-3 wheeler)
wheeler)
Roads 3.8 T)/km -
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high wellbeing with low resource use

decent living F A T
standards

inclusive, decentralised innovation,
with social support mechanisms

adaptability to local needs,
and local learning

CROSS-
CUTTING

peer effects and
network effects

managing complexity on
shared infrastructures

LINKAGES
digitalisation % S innovation
FoHIVIE coordination and A/ ~N—3>
governance

H#) EDITS WG3 Narratives group (A. Grubler, G. Nemet, S. Pachauri, C. Wilson), The 'High-with-Low' Scenario Narrative
(2022); C. Wilson et al., The 'High-with-Low' Scenario Narrative: Key Themes, Cross-Cutting Linkages, and Implications for
Modelling, IIASA Working Paper (2023)
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Online
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Keigo Akimoto?, Fuminori Sano?, Yuko Nakano?,
and Tae Yong JungP

aResearch Institute of Innovative Technology for the Earth
(RITE)
bYonsei University

[E=]

« Scope JFFHE([E. HROFIRRETOHEE
1h ok, RSOV HIZBLTIE,. FEM
TEIRLF—ZEERRL. BFHEIRICHFEET S
BT, FERLELNLIE, BEL-TED
Scope 3HHEIIEKRL., T4 XTIV T4T
12H75%,

. ZDI=&. NdlEE#E (avoided emissions) |
Zh&. EHBL. EEDEREERIELELSET
SEIMA

« LAL. BXFFMEZEREITEIR—RSIVDEEL
EDFENH S,

v RITEQOHBRIRILF—LIATLETIL
DNE21+[2 k> T, 2E& L& 8D D, tHR
[ZHFT5THIRERE IZRE

v HBIRBAE(EVA\YTY— E—FRUTH
i) DERNLGEROEEMEIEHE

Cumulative CO2 emissions reduction

Cumulative CO2 emissions reduction

[GtCO2]

1

1

[GtCO2]

BEV BFCEV @PHEV mHEV
2

0

k\—\

8

6

4

2

0
2020 2025 2030 2035 2040 2045 2050

I;If(ﬁﬁi%s BBE)DHADEIFMEBRE (1.5 FU+4)

# HP hot-water supply ®HP heating

4.0

3.5

3.0

25

2.0

1.5

1.0

0.5

0.0
2020 2025 2030 2035 2040 2045 2050



AlIZEBRIRILX—FE~ADF Lill]

nature Masanet, llluminating Al's energy impacts: the role of industry,
COMMENT | 22 April 2024 | Correction 01 May 2024 EDITS annual Workshop(2024)

Expected scale of emissions impact from Al growth

Will Al accelerate or delay the race < (positive o negative >
to net-zero emissions? Indrecteffects of Al on

-

scientific breakthroughs and
As artificial intelligence transforms the global economy, researchers need to explore socio-economic shifts
scenarios to assess how it can help, rather than harm, the climate. Defined by "
+ How Al is deployed, used, it B ez
increase or decrease
and governed

By Amy Luers & Jonathan Koomey &, Eric Masanet &, Owen Gaffney & Felix Creutzig & Juan Lavista Ferres & & Eric Horvitz

Indirect effects
enabled by Al applications

. . . o . . . missi
Continued and substantial efficiency innovation across the hardware -software-infrastructure pmsenseodd
spectrum will be needed to offset rapidly rising compute demand!

Defined by:

* How much energy future

q A Al models require
?
Continued efficiency progress? « How carbonintensive availabe—

Rising digital service demand energy supply will be.

¢ Computing technology (e.g., optical chips)
¢ Cooling technology (e.g., liquidcooling)

«  Network technology * Artificial intelligence

¢ Increasingly connected world

* Software and algorithmic efficiency
Net systems-level energy and resource savings
(enabling effects)

Increasing value of scenarios to decision makers
Increasing uncertainty complexity in projections

* Population and affluence increases

¢ 5G and data traffic

¢ Blockchain

* Rebound effects and induced demand
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Article  Open access  Published: 24 August 2021 . -
Global scenarios of resource and emission savings from nature communications
material efficiency in residential buildings and cars

stefan Pauliuk &, Nike Heeren, Peter Berrill, Tomer Fishman, Andrea Nistad, Qingshi Tu, Paul Wolfram & Edgar

G. Hertwich &

Nature Communications 12, Article number: 5097 (2021) | Cite this article
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residential buildings
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a) Material production for pass. vehicles and res. buildings, global (H#1) Pauliuk et al. (2021),
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Lighting and appliances electricity per capita

nature reviews clean technology

Review article

Housing for well-being with minimal
energy and material demand

J. Zhang et al., (2026)

# Check for updates

o Annex | countries M Existing policy

[1 Non-Annex | countries [l Aspirational benchmarks

Actual trends
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Science Leverage demand-side policies for energy security

Conventional supply-side approaches overlook potential benefits
NUNO BENTO, ARNULF GRUBLER, BENIGNA BOZA-KISS, SIMON DE STERCKE, [..], AND TIAGO ALVES ~ +3 authors | Authors Info & Affiliations
SCIENCE - 25 Feb 2024 - Vol 383, Issue 6686 - pp. 946-949 - DOI 10.1126/science.adj6150
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145E DT EZFAT. 4BEMN121588I1C 145 E x 1215122V T4 EN T E-EL
BEZAMBRDRKESELLE Lo LI-HEEEH
(REB/E100H0S5AIIFEREBZNR A KEZ=LY) Shading indicates the number of countries where energy security improved (@) or worsened (@)based

on the given indicator due to the intervention. Policy interventions appear in decreasing order of performance.

PE 1—Import diversification @ UE 1—Low-temp. heat demand reduction Index values relativeto 200 UE2 - TRANSPORT  LE1- LOW-TEMP. FE1- FUEL PE1- IMPORT
i e a preintervention g SUPPLY INDICATORS ELECTRIFICATION ~ HEAT DEMANDREDUCTION SUBSTITUTION DIVERSIFICATION
® FE 1—Fuel substitution @ UE 2—Transport electrification baseline of 100 100
80 Share of nonfossil fuels
£
0 Import independency
Compound Shannon Shannon diversity —
diversity index PE index PE Shannon diversity index PE
Compound Shannon . 3 Compound Shannan diversity
diversity index PE with : : index PE

import diversification \ Import

" independency Compound Shannon diversity

\
Supply ? index PE with import diversification

Demand
DEMAND INDICATORS

Compound Share of
Shannon FE nonfossil fuels Compound Shannon FE
Compound Shannon FE including
electricity by source
Compound Savings in Final energy efficiency
Shannon FE primary
including electricity energy demand % of energy expenditures/GDP

Savings in energy expenditures/
fossil total PE/GDP

by source /\
\ ///
-
Savings in energy expenditures/

Final energy ‘ / ‘ \\ Savings inenergy GDP

efficiency V4 \ expenditures/GDP

Savings in primary energy demand

%ofenergy  Savingsin energy -
expenditures/GDP  expenditures/fossil Total (improved net of worsened) 138 114 88 10
total PE/GDP

FE. GDP PE. £ [ Total worsened 12 23 29 g

final s - d tic product; U ful .

nal energy Bross domestic proau primary energy usetul energy. ITolall p v 150 13? 11? 19
(ll:lj Hﬂ/ \) Bento et al. (2024), Science FE, final energy; GDP, gross domestic product; PE, primary energy; UE, useful energy.
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communications sustainability The undervalued quality-of-life benefits of
A Nature Portfolio journal demand-side energy and climate
strategies

M Check for updates
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Substituting fossil energy with H, in high-
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(HHE2) Grubler et al. (2026), Communications Sustainability
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Heating via electric Thermal retrofits, changed
heat pumps thermostat settings
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Substituting fossil energy with H, in high-
temperature applications in industry
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Reduced demand for materials via recycling, longer
use and lightweighting
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