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Appendix.

Appendix1. Parameter list
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[Summary of parameter list]
Partial excerpts on transition risk and physical risk parameters
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[Parameters referenced in support cases]

Transition risk (1/5)

Parameter

Reference: Companies

referenced parameters

Carbon tax

IEA WEO2019, WEO2020, NZE2050, WEO2021

PRI IPR FPS

Information of countries

Ministry of the Environment "Introduction of Taxes to Combat Global Warming"
IPCC "Mitigation Pathways Compatible with 1.5°C in the Context of Sustainable
Development” Below 1.5°C pathway

ASKUL Corporation, ORIX Asset Management
Corporation, Kyushu Railway Company, Shin-Etsu
Chemical, Mitsui Mining & Smelting, YASKAWA Electric
Corporation, SCSK Corporation, GUNZE, Nishi-Nippon
Railroad, Nippon Paper Industries, Fuji Oil Company,
Maruha Nichiro Corporation, UACJ Corporation

Carbon price

Border carbon

IEA WEO2021

Ministry of the Environment "Recent Developments in Carbon Tax and Border
Adjustment Measures"

ICAP (Average of EU-ETS in 2020)

Fuji Oil Company, UACJ Corporation

Electricity price

IEA WEO2018, WEO2020

ASKUL Corporation, ORIX Asset Management
Corporation, Kyushu Railway Company, Mitsui Mining &
Smelting, SCSK Corporation, GUNZE, Nishi-Nippon
Railroad, Nippon Paper Industries, UACJ Corporation

Ministry of the Environment's "Draft Japanese Commitments," "Toward Significant
Reductions in Greenhouse Gases by 2050"

IEA ETP2020

Target set by countries

Ministry of Foreign Affairs of Japan "Climate Change: Japan's Emission Reduction
Targets"

Ministry of Foreign Affairs of Japan "Domestic and International Developments
Concerning Carbon Neutrality in 2050"

Agency for Natural Resources and Energy “Basic Energy Plan”

UNFCCC “Thailand’s Updated Nationally Determined Contribution” (October 2020)

Kyushu Railway Company, Shin-Etsu Chemical,
YASKAWA Electric Corporation, SCSK Corporation,
Nippon Paper Industries, Fuji Oil Company, UACJ
Corporation

e |

=

)

2

= Target values for

o emissions

S

=

7+ | Carbon

o |emissions
targets/policies

Target unmet penalty

in each country |~

IEA WEO2021

Fuji Oil Company

Annual target of forest
area decrease

Indonesia NDC “First Nationally Determined Contribution REPUBLIC of INDONESIA”

ASKUL Corporation

Spread of
environmentally friendly
vehicles (EVs and FC

IEA WEO2020, NZE2050

Nishi-Nippon Railroad

buses)
Carbon
emissions . Eoretstry Agzn_(l:_y 'ijfoBrest Env’fllrgr]ntmentf'l'sx and F"oorest Envir&)frlr;er_;_tp'l;??s/ier Tax .

. ) »  Customs and Tariff Bureau, Ministry of Finance "Overview of the greemen ' )
Fargetslpollmes Logging tax (CPTPP) (tax rate differences, etc.) Nippon Paper Industries
in each country «  Forestry Agency "Provision of Information on Legally Logged Timber, etc.

(Logging tax)

4-3 ¥ The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardless of whether or not they are actually used by each company.

[Parameters referenced in support cases]

Transition risk (2/5)

Parameter

Reference: Companies

referenced parameters

Carbon emissions

targets/policies in

each country
(Plastic Regulation)

rate

Recycled plastic usage

« EU Government

« Plastic Recycling and Reuse Association, European Plastics
Strategy

- JPCA

« EU Technical Expert Group (TEG), “Taxonomy Report
Technical Annex"

ASKUL Corporation, Shin-Etsu Chemical,
GUNZE, Fuji Oil Company

(Japan)
Changes in the energy

Power Generation Mix

« |[EAWE02019,2020, 2021
« PRIIPR FPS2019
« Japanese Government

Energy Plan (Draft 2)”

« Agency for Natural Resources and Energy "Outline of the Basic

Kyushu Railway Company, Mitsui Mining &
Smelting, YASKAWA Electric Corporation,
SCSK Corporation, Nippon Paper Industries

[lpx Fuel price

increase/decrease rate

« |[EAWEO02020, NZE2050

Nishi-Nippon Railroad

QOil supply < |[EAWEO2021 Fuji Oil Company
« |EAETP2017
ZEV ratio »  Shinichiro Fujimori et al. “The marker quantification of the ASKUL Corporation, Kyushu Railway

Shared Socioeconomic Pathway 2: A middle-of-the-road
scenario for the 21st century”

Company, Shin-Etsu Chemical

Dissemination of

)Su uonisuel)

EV rate of new vehicles .

|IEA Global EV Outlook2021

SCSK Corporation, Nippon Paper Industries

renewable energy and
energy-saving

EU Inventory

« |[EAWEO02021

UACJ Corporation

technologies

Global

» Cisco "Global IP Traffic Forecast by Cisco VNI, 2018-2023*

Telecommunications
Volume Trends

Nomura Research Institute, "Nomura Research Institute, Outlook
for ICT and Media Market Size and Trends through FY2025"
SMART CITY PROJECT

SCSK Corporation

Development of next-
generation
technologies

Spread of environmentally
friendly trains

East Japan Railway Company “Production of hybrid vehicle (fuel
cell) test vehicle using hydrogen as energy source and
implementation of demonstration test” June 2019

Kyushu Railway Company

Change in the number of
passengers between

.
private cars and buses due

to decarbonization

IEA NZE2050

Nishi-Nippon Railroad

4-4 X The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardless of whether or not they are actually used by each company.



[Parameters referenced in support cases]
Transition risk (3/5)

Reference: Companies
referenced parameters

Source

Parameter

» 1Al “1.5 DEGREES SCENARIO A MODEL TO
DRIVEEMISSIONS REDUCTION”

» National Institute for Environmental Studies, “Estimating
the Impacts of Carbon Constraints on Metal Production
and Use on a Global Scale” (2021)

Recycled Aluminum

Utilization Rate UACJ Corporation

Aluminum price »  World Bank “World Bank Commodities Forecast” UACJ Corporation

» Sebastiaan Deetman et al “Scenarios for demand growth
of metals in electricity generation technologies, cars and
electronic appliances”

World Bank “The Growing Role of Minerals and Metals
for a Low Carbon Future*

World Bank “The Growing Role of Minerals and Metals

Copper demand forecast Mitsui Mining & Smelting

Zinc demand forecast Mitsui Mining & Smelting

MEGATRENDS AND REGIONAL AND MARKET
SECTOR GROWTH OUTLOOK FOR ALUMINIUM
DEMAND” (2020)

5'_:| Lead demand forecast for a Low Carbon Future® Mitsui Mining & Smelting
a _Changes in cobalt, nickel, and platinum |+ World Bank “The Growing Role of Minerals and Metals Mitsui Mining & Smeltin
—- |important demand forecast for a Low Carbon Future* 9 9
o

§ |CresiEs - CM group, IAI ‘AN ASSESSMENT OF GLOBAL

= | prices

3

=

Aluminum demand forecast UACJ Corporation

ASKUL Corporation, Kyushu Railway
Company, Shin-Etsu Chemical, Mitsui Mining
& Smelting, GUNZE, Nishi-Nippon Railroad,
Fuji Oil Company, UACJ Corporation

IEA WEO2020, NZE2050, WEO2021
Agency for Natural Resources and Energy "Basic
Energy Plan”

Fuel price (QOil price, coal
price, natural gas price)

* 2ii “The Transition Risk-o-Meter Reference Scenarios for

Financial Analysis” Kyushu Railway Company

Iron price

Energy intensity » Japanese government Shin-Etsu Chemical

*« SMART CITY PROJECT “Smart Cities, the world's most
important national strategy”

Statista “Smart City Market revenue worldwide 2019 —
2025, by segment’

4-5 3 The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardless of whether or not they are actually used by each company.

Smart city market size and

M2M traffic . Shin-Etsu Chemical

[Parameters referenced in support cases]
Transition risk (4/5)

Reference: Companies

Parameter
referenced parameters

Industrial robot market size in major

- Shin-Etsu Chemical
countries

Japanese Government and others

ASKUL Corporation,
Nippon Paper Industries

Sales of sustainable certified product Nielsen “Product Insider”

Purchase intention by ethical « Dentsu, “Ethical Consumption Awareness Survey 2020” | GUNZE, UACJ
consumption « Deloitte, “Millennial Generation Z Annual Survey 2021” | Corporation
_ImprO\_/ement rate _of energy consumption | | IEA WEO2019 YASKAWA Electric
intensity (Industrial sector) Corporation
« |IEAWEO2019 .
Market size of industrial robots « International Federation of Robotics, World Robotics YASKAWA Electric
. Corporation
2019 Industrial Robots
= Market size of AC servos for industrial gﬂjr'vg,',za' 2020 Featured Mechatronics Parts Market YASKAWA Electric
% o . robots . |EA WEO2019 Corporation
(2} anges in . -
=3 important products/ _ _ o _Research Station LCC, Global market forecast for YASKAWA Electric
g - Market size of industrial inverters inverters Corporation
= P +  Estimated from IEA WE02019 P
o . i u i
= Neodymium dysprosium demand Sebastiaan Deetman et a.l .Scenarlos. for demand . YASKAWA Electric
growth of metals in electricity generation technologies, .
forecast A " A Corporation
cars and electronic appliances
Server Market Trends * IEAEV Outlook2021 SCSK Corporation

« IDC Japan “Server Market Trend in Japan in FY2020”

Johann D. Bell et al “Pathways to sustaining tuna-

Maruha Nichiro

Migratory Tuna Catch dependent Pacific Island economies during climate .
» Corporation
change
« Ministry of Agriculture, Forestry and Fisheries "Future .
Bait fish stocks Prospects for Adaptation to Climate Change Impacts in Maruha N'Ch"o
" Corporation
FY2008
_ _ . GIobaI_Cr)ange_ B|ology_ Sounc_ﬂ p_hysmlo_gmal knowledge Maruha Nichiro
Fish size and principles in modeling shrinking of fishes under

climate change” (August 2017)

Corporation

4-6 X The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardiess of whether or not they are actually used by each company.




[Parameters referenced in support cases]
Transition risk (5/5)

Reference: Companies

)Su uonisuely

Parameter Source
referenced parameters
Changes in the volume of air * 2ii “The Transition Risk-o-Meter Reference Scenarios .
) . s Kyushu Railway Company
passenger for Financial Analysis
Number of engine-powered vehicles | IEA ETP2017 Fuji Oil Company
on the road
« Xymax “Economic analysis of environmental
Changes in customer management”
reputation / behavior * Smart Wellness Office Research Committee “Improving
the sustainability of environmental real estate and its
Increase / decrease in rent due to added value . B , . ORIX Asset Management
. Japan Real Estate Institute “Investors' perceptions of )
environmental performance . » Corporation
real estate ESG investment
* JRE "Economy of ESG Investment” (DBJ FY2019
Seminar “Sustainability and ESG Investment in Real
Estate- GRESB evaluation result announcement and
real estate ESG Investment outlook-")
+ |EA ETP2017
. . . * MLIT "Energy consumption reduction targets in global | ORIX Asset Management
Energy intensity of buildings . . )
warming countermeasure plans based on the Paris Corporation
Agreement’, p.1
Zero emission target of Tokyo « Tokyo 8RIX As_set Management
orporation
Compliance with GHG
emission regulations * IEA WEO2020 S ORIX Asset Management
Emission factor for grid electricity m:ﬁtw of Economy, Trade and Industry "Basic Energy Corporation, Fuiji Oil
* RITE "Scenario Analysis of Carbon Neutrality in 2050" Company
« |EA ETP2017
Mandatory introduction of ZEB / « Agency for Natural Resources and Energy General ORIX Asset Management
ZEH (Government goal) Energy Policy (July 2018) Corporation
« METI

4-7 < The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardless of whether or not they are actually used by each company.

[Parameters referenced in support cases]

Physical risk (1/3)

Parameter

Source

Reference: Companies

=

Loss of labor productivity due to
heat stress in the industrial sector

ILO “Working on a warmer planet” (2019)

referenced parameters

Mitsui Mining & Smelting,
GUNZE, UACJ Corporation

Increase of hot summer days

WRI “The Aqueduct Global Flood analyzer”
World Bank “Climate Change Knowledge Portal’

ASKUL Corporation, Mitsui
Mining & Smelting, UACJ
Corporation

Increase of temperature .

World Bank “Climate Change Knowledge Portal”

ASKUL Corporation, Kyushu
Railway Company

Relationship between temperature
rise and electricity demand

IEEJ
General Information Processing Center, Mie University "Visualization
of Air Conditioning Efficiency by Power Analysis of Server Room"

Kyushu Railway Company,
SCSK Corporation

Relationship between temperature
rise and air conditioner sales

World Bank “Climate Change Knowledge Portal” (Temperature rise)
Ministry of the Environment, Ministry of Education, Culture, Sports,
Science and Technology, Ministry of Agriculture, Forestry and
Fisheries, Ministry of Land, Infrastructure, Transport and Tourism,
Japan Meteorological Agency, "Climate Change Observation,

Increases in n .
the average Prediction and Impact Assessment Integrated Report 2018 - Climate
temperature Change in Japan and its Impacts"

UACJ Corporation

Relationship between temperature | *
rise and demand for beverage
products

v
>
<
@,
o
=
=k
)
=

National Observatory of Athens “The Impact of Climate Change on the
Pattern of Demand for Bottled Water and Non-Alcoholic Beverages”
(2014)

UACJ Corporation

Increase in Aluminum Demand by
Sector

CM Group, IAI /AN ASSESSMENT OF GLOBAL MEGATRENDS AND
REGIONAL AND MARKET SECTOR GROWTH OUTLOOK FOR
ALUMINIUM DEMAN” (2020)

UACJ Corporation

Track buckling rate

ELSEVIER “Impacts of climate change on operation of the US rail
network” (2017)

Kyushu Railway Company

Air conditioning cost .

IEA “The Future of Cooling”

ASKUL Corporation

Forest fire outbreak situation .

AP-PLAT

ASKUL Corporation

Forest fire incidence (Vietnam)

Forest and Grass Fire Risk Assessment for Central Asia under Future
Climate Scenarios

Nippon Paper Industries

4-8 X The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardiess of whether or not they are actually used by each company.




[Parameters referenced in support cases]
Physical risk (2/3)

Reference: Companies

Parameter

referenced parameters

Effects of climate and land - use change scenarios on fire

probability during the 21st century in the Brazilian Amazon Nippon Paper Industries

Forest fire incidence (Brazil)

Forest fire incidence (Japan) |+ Forestry Agency, "Recent Mountain Disasters" Nippon Paper Industries
'ézﬁgs)erature rise: Underwear World Bank “Climate Change Knowledge Portal’ GUNZE

Temperature rise: Cotton * FAO “The future of food and agriculture Alternative pathways GUNZE

Cultivation to 2050”

The Potential Global Distribution of the White Peach Scale
Pseudaulacaspis pentagona (Targioni Tozzetti) under Climate | Nippon Paper Industries
Change

Ministry of Education, Culture, Sports, Science and
Technology and Japan Meteorological Agency "Climate Nippon Paper Industries
Change in Japan 2020" (December 2020)

Increase in insect infestation
(Japan, Vietnam)

Increases in the Probability of heavy rainfall
average temperature (Japan)

Projected changes in summer precipitation over East Asia

Probability of heavy rainfall with a high-resolution atmospheric general circulation model | Nippon Paper Industries

ysu |eaisAyd

(Vietnam) during 21st century

Probability of heavy rainfall « Assessment of multi-model climate projections of water Nippon Paper Industries
(Brazil) resources over South America CORDEX domain pp P

Rise in sea water temperature ‘ :;aii(;,,ARe Climate Change 2021 The Physical Science Maruha Nichiro Corporation

Changes in dissolved oxygen |+ IPCC ARG “Climate Change 2021 The Physical Science

. L Maruha Nichiro Corporation
in seawater Basis

« [PCC ARS “Climate Change 2021 The Physical Science

Ocean acidification .
Basis'

Maruha Nichiro Corporation

SCSK, Nippon Paper

Sea level rise Sea level rise « |PCC “Fifth Report”, “1.5°C Special Report” .
Industries

4-9 ¥ The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardless of whether or not they are actually used by each company.

[Parameters referenced in support cases]
Physical risk (3/3)

referenced parameters

ASKUL Corporation, ORIX Asset
Management Corporation,

Kyushu Railway Company, Mitsui
Mining & Smelting

ASKUL Corporation, ORIX Asset
Management Corporation, Kyushu
Frequency of floods, Flow « Ministry of Land, Infrastructure, Transport and Tourism, Railway Company, Mitsui Mining &
rate “Proposals for Flood Control Plans Based on Climate Change” | Smelting, GUNZE, Nishi-Nippon
Railroad, Fuji Oil Company, Maruha
Nichiro Corporation

Reference: Companies
- Item Parameter Source P

Flood damage in urban areas WRI “The Aqueduct Global Flood Analyzer”

Flood occurrence probability |« Ministry of Land, Infrastructure, Transport and Tourism, "Impacts | SCSK Corporation, Nippon Paper

Increasing . " i i
extreme (Japan) of Climate Change' Industries, UACJ Corporation
' | weather
- |conditions Oceurrence of tyohoons and | * MOE:-JMA and Others [Climate Change Observation / ORIX Asset Management Corporation,
~ | (typhoons, cvclones P Forecast and Impact Assessment Integrated Report 2018 - Mitsui Mining & Smelting, Maruha
-1 | heavy rains,| %Y Japan's Climate Change and Its Impact-] Nichiro Corporation
% CCallit; Number of d f Tokyo District Met: logical Ob tory Websit
storm umber of days per year o « Tokyo District Meteorological Observatory Website N .
E surges torrential rainfall * World Bank [Climate Change Knowledge Portal | Nishi-Nippon Railroad
etc.) » IPCC “Mitigation Pathways Compatible with 1.5°C in the Context

of Sustainable Development” ORIX Asset Management Corporation,
* MOE-JMA “Outline of IPCC Fifth Assessment Report -Working | Mitsui Mining & Smelting
Group 1 Natural Science Basis-" (2014) (p.41)

*  WRI “The Aqueduct Global Flood analyzer”

Average sea level rise

Shin-Etsu Chemical, YASKAWA

Water risk by base (flood, * Technical Study Group on Flood Plans Based on Climate - )
drought) Change "Study on Flood Control Plans Based on Climate Electric C_orporat|on, GUNZE, UACJ
" Corporation
Change
E;d;:;ﬁnttydlsaster oceurrence |, A-PLAT, Climate Change Adaptation Information Platform Kyushu Railway Company
Domestic Disaster Response |+ Yano Research Institute "Research on Disaster Prevention Food Niopon Paper Industries
Product Market Trends Market” (2020) PP p

4-10 % The parameters surveyed in the course of support program by the Ministry of the Environment are shown regardless of whether or not they are actually used by each company.



IEA World Energy Outlook 2020, 2021
[|EA WEO’ ETP] IEA Net Zero by 2050

Report on transition scenarios published by the IEA (ieaenergy Technology Perspectives 2020

What is the International Energy Agency (IEA)? (i

B Organization established in 1974 after the first oil crisis to avert oil supply crises (to establish a stable energy
supply and demand structure) of the member countries.

B The objective is to promote energy security through collective response by members to the physical disruptions
of oil supply.

B Energy-related surveys, statistical compilation, and publication of various reports and books.

B There are 30 members, including Japan.

World Energy Outlook (WEO)

Net Zero by 2050 (NZE2050) Energy Technology Perspectives (ETP)

Energy
“Technology
Perspectives
yoyle]

World Energy
Outlook

2020

l A report on energy supply and demand published every B Describes the process of energy technology innovation.

i autumn. | { @ Focusing on opportunities and challenges for expanding and
;@ World Energy Outlook includes medium and long-term ! accelerating clean energy technologies. |

i energy market forecasts.
B NZE was additionally published in May 2021 after the
WEO2020 was announced

Source : IEA website

4-11

[(Reference) The Outline of IEA WEO 2020 : Delayed Recovery Scenario (DRS)]
DRE expects a 10% reduction in GDP due to COVID, a reduction in fuel consumption based
on it, and changes associated with it

Figure 1.2 >  Gross domestic product and primary energy demand

by scenario Table 2.1 = Real GDP average growth assumptfions by region and scenario
Gross domestic product Change versus pre-crisis in 2030 STEPS/SDS el
3 150 2010-19 201925 2025-40 201540 2015-40
= i MNorth America 2.3% 1.4% 2.0% 19% 14%
e s U [ ) United States 2 3%, 1.3% 19% 1. 7% 14%
S
o S e g LY 210% Central and South America 10% 18% 31% 2.7% 22%
x
3 . i = o iz i
T A0 SRttt R Brazil 0.7% 12% 3.1% 2.6% 20%
c T -
- Y/ 23 i 15% Europe 19% 14% 15% 15% 11%
75 -20% European Union 16% 132% 1.3% 3% g
2020e 2025 2030 World EMDE Advanced Africa 3.1% 2.6% 4.4% 3.0% 359
economies n : - . — 2 3 %
South Africa 15% 10% 28% 23% 19%
Energy demand Change versus pre-crisis in 2030 Middle East 299 11% 319 255 21%
g 150 Eurasia 2.2% 16% 21% 20% 16%
=
: . 5% Russia 1.6% 13% 16% 15% %
g 125 Asia Pacific 55% 42% 4.0% 35%
< -10% = ; e
5 china 2 4 408
< 100 - e S
£ -15% ndia 4.9%
apan
75 -20% 3
2020e 2025 2030 Coal Gas  Oil Nuclear Ren. Soattienst s == e — L 63
------ Pre-crisis STEPS DRS Reaching 2019 levels Abicii] 34% 2% 4% 3.0 i )

A weaker economic ouflook puts many aspects of global energy into slow motion

10%

The Scenario of World Economy Stagnation due to COVID
GDP will recover to 2019 levels in 2023. Energy demand will return to 2019 levels in
2025. World economy shrinks 10% of STEPS in 2040

Source: IEA World Energy Outlook 2020
4-12




[Overview of IEA WEO2021]

IEA World Energy Outlook 2021

Besides detailing the NZE, APS, and STEPS as main scenarios, it also describes the SDS
scenario, which is the scenario for achieving the Paris Agreement targets

Scenarios in WE02021

Changes in energy sector CO2 emissions and
energy investments needed over the next 10 years

Temperature rise of 2.6°C in 2100
and rising thereafter
2.6DS (2.6°C~ scenario)

New
Temperature rise of 2.1°C in 2100
and rising thereafter
2.1DS (2°C scenario)

The Scenario of Achieving the target of Paris
Agreement, Peak at 1.7°C around 2050,
followed by a decrease in surface
temperatures
1.6DS (below 2°C scenario)

The Net Zero
Emissions by
2050 Scenario

Clean energy policies and investments are
rapidly increasing, Advanced countries reach
net zero ahead of others

(NZE) 1.4DS (1.5°C scenario) %
20
Source : IEA website o
4-13
[IEA WEO2021 : Outline of Announced Pledges Scenario (APS)]
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1o 505
2000 2010 2020 2030 2040 2050

Investments in energy sectors for achieving NZE
(1.5°C) from the STEPS (2.6°C and over) state

Investments that support
conversion to alternative
fuels with emission
reduction benefits

Elimination of fossil
fuels with no emission
reduction benefits

Investment in low-
emission technologies
such as low-emission
fuels, CCUS, direct air

capture, etc.

Material efficiency and |"
behavioral change

2020 2025 2030

IEA World Energy Outlook 2021

There is an “ambition gap” for APS between the NZE scenario, which aims for net zero
emissions by 2050; there is a need for decarbonization of the electric power sector and clean
energy investments in emerging and developing countries

Average annual number of decommissioned coal energy
plants and volume of fossil fuel used
in the WEO2021 APS and NZE scenarios

Breakdown of measures for closing
the ambition gap by 2030

Historical APS
In the next 10 years, coal energy
| plant retirements will quadruple, with

1
1
a particular increase in emerging :
1
1
1

100 -

GWw

and develog ng countrles
50 - = l"'" - =

1
=01 0= L -
2001-10 2011-200 2021-30 203180 2041-50 2021-30 2031-40 2041-50
B Advenced economiss Emerging market and developing econarmies
w '] Demand
2020
150 PRSI e 2030
L]
= 1 2050
315 | E— B STEPS
APS
(3
WZE

[ APS and NZE ambition gap ]

ol Matural gas Cizal

Source : IEA World Energy Outlook 2021

fuel, CCUS, Carbon

Halt on new coal
............. investments

Electrification, hydrogen]

Dioxide Removal, etc.

BE diniined Aupided
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F T S T (RO - . .. S
Decarbonization Behavioral
o) of the electric 2l Tonenoer bitissrstiii R
power sector change

16 -_— - -

o T NZE
Cost-effactive tachnology measures (6.1 Gt C0w-eq) o

il 40 [5i Bl
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11e Jo jjey "xoidde
jJuawisaAul ABiaug

B APS coal demand far exceeds NZE levels due to lack
of targets in major emerging markets and developing
countries

B Expanding cost-effective energy sources such as wind,
solar, hydro, and nuclear could close about 60% of the
electric power sector gap for APS and NZE

*’Behavioral change” includes increased energy efficiency and demand reduction measures in the

final consumption sector, such as strengthened efficiency standards for home appliances and

414

policies emphasizing material efficiency in industry



| IEA World Energy Outlook 2021 |

[Parameters in IEA WEO2021]
Carbon price, CO2 emissions (1/3)

Timeframe Country / Region

Category Datasets Several

Past| '20 | '30 | 40 | '50 | '60 | 100 | Global Japan
areas

Carbon |CO2 prices for electricity, industry and energy production in selected
price regions by scenario

O

0
©)
O

CO2 emissions by sector and scenario

CO2 emissions in the WEO-2021 scenarios over time O
Methane emissions from fossil fuel operations and reductions to 2030
in the Net Zero Emissions by 2050 Scenario

CO2 emissions per capita by region in 2020 and the Announced
Policies Scenario in 2030

Emissions reductions in the Net Zero Emissions by 2050 Scenario
relative to the Stated Policies Scenario

/Annual change in energy-related CO2 emissions O
Number of countries with NDCs, long-term strategies and net zero
pledges, and their shares of global CO2 emissions in 2020

co2 |CO2and methane emissions from energy and industrial processes in
the three scenarios, 2030

o)

O|O0 |0 |O]|0
O|O |0 |O
O

O

0|0 |0|0

emissions

Global energy-related and industrial process CO2 emissions by
scenario and temperature rise above pre-industrial levels in 2100

Emissions reductions from end-use efficiency, avoided demand and
behavioural change in 2030 between the Announced Pledges and Net O
Zero Emissions scenarios

0]

Global electricity sector CO2 emissions and generation by source in
the Announced Pledges and Net Zero Emissions by 2050 scenarios

0]

CO2 emissions from coal-fired power plants by age and scenario Ol O | OO

CO2 emissions by branch and final energy consumption by fuel in
industry in the Announced Pledges and Net Zero Emissions by 2050
scenarios

4-15 Source : IEA World Energy Outlook 2021

[Parameters in IEA WE02021] | IEA World Energy Outlook 2021 |

CO2 emissions (2/3)

Timeframe Country / Region
Category Datasets Several

Past| '20 | '30 | 40 | '50 | '60 | 100 | Global Japan
areas

Cost-competitive steel production from innovative technologies and
related CO2 emissions in the Announced Pledges and Net Zero OO | OO O @)
Emissions by 2050 scenarios

CO2 emissions and final energy consumption in transport in the
/Announced Pledges and Net Zero Emissions by 2050 scenarios

Cost-competitive stock of electric cars in 2030 and 2050, and CO2
emissions reduction in road transport to 2050 by scenario

CO2 emissions by end-use and final energy consumption by fuel in
the buildings sector in the Announced Pledges and Net Zero O | O
Emissions by 2050 scenarios

Methane emissions from fossil fuel operations to 2030 by scenario O | O

cO2 Methane emissions abatement from oil and gas by policy tool O

€mISSIons  Behavioural change impact on energy-related activity and CO2
emissions

Share of CO2 savings from behavioural changes and materials
efficiency in NZE, 2021 - 30

CO2 emissions and intensity by scenario, 2020-2030 (Total
emissions)

CO2 emissions and intensity by scenario, 2020-2030 (Emissions
Intensity)

CO2 emissions per capita by region in 2020 and 2030 in the
Announced Pledges Scenario

Energy use, carbon intensity and CO2 emissions by sector and
scenario, 2020-2030

Energy and industrial process CO2 emissions and mitigation levers
in the Stated Policies and Announced Pledges scenarios, 2020-
2030

4-16 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]
CO2 emissions (3/3) , Energy demand (1/8)

Timeframe Country / Region

Categor Datasets
9o Past| 20 | '30 | 40 | 50 | 60 | 100 | Global | SV | japan
areas
Energy intensity by sector and scenario (@] O O
Electricity sector CO2 emissions by scenario, 20102050 | O | O | O | O | O O
Global average emissions intensity of oil production (@] (@] O O
World CO2 emissions oOjlo|O0O| OO @)
World CO2 emissions OO | O] OO @)
CO2 .

emissions Vorld CO2 emissions oO|lo|]o|O| O O
World CO2 emissions ojlo|]o|o| O @)
Total CO. emissions o | O | O (@) (@) (@) O
Electricity and heat sectors CO. emissions OoO| O | O (@) O O @)
Total final consumption CO. emissions O| O | O O (@) (@) O
Key estimated global indicators for energy demand and o o
emissions, 2020 and 2021
Qil, natural gas and coal demand in the Stated Policies o o o o
Scenario in World Energy Outlook 2021, 2020 and 2016
Change in global electricity generation, 2014-2021 O | O @)

diﬁ;%% Final energy consumption by source and sector to 2030 in o o o o
the Net Zero Emissions by 2050 Scenario
Global solar PV, wind and unabated coal-fired electricity
generation in the Announced Pledges and Net Zero o o] O] O] O O
Emissions by 2050 scenarios
4-17 Source : IEA World Energy Outlook 2021

[Parameters in IEA WE02021] | IEA World Energy Outlook 2021 |

Energy demand (2/8)

Timeframe

Country / Region

Category Datasets Several

Past| '20 | '30 | '40 | 50 | '60 | 100 | Global Japan
areas

CO2 emissions by branch and final energy consumption by fuel in industry
in the Announced Pledges and Net Zero Emissions by 2050 scenarios
CO2 emissions and final energy consumption in transport in the
Announced Pledges and Net Zero Emissions by 2050 scenarios

CO2 emissions by end-use and final energy consumption by fuel in the
buildings sector in the Announced Pledges and Net Zero Emissions by
2050 scenarios

Total primary energy supply by fuel and scenario OO |O|O|O
People without access to electricity and access rates by region in the
Stated Policies and Net Zero Emissions by 2050 scenarios, 2020-2030 @]
(People without access)

People without access to electricity and access rates by region in the
Stated Policies and Net Zero Emissions by 2050 scenarios, 2020-2030 OoO| O | O O
(Access rates)

Global total energy supply by scenario and low emissions energy supply
sources by sector, 2010-2030

@)
O

Energy
demand

)

Change in global total energy supply by fuel and scenario, 2020-2030

Energy intensity and energy demand per capita in selected regions in the
Announced Pledges Scenario, 2020-2030

Energy supply and demand by fuel and sector, 2020 and 2050

Change in energy demand to 2030 and demand avoided due to energy
efficiency and electrification in the Stated Policies and Announced Pledges (@] O
scenarios

Residential space heating energy intensity and energy demand in the
European Union in the Stated Policies and Announced Pledges scenarios

0|0 |00
O |0
Ol0 0|0

@)
@)
)
O

Global electricity demand and generation mix by scenario @)
Drivers of change in electricity demand in the Stated Policies and
Announced Pledges scenarios, 2020 to 2030

4-18 Source : IEA World Energy Outlook 2021




[ IEA World Energy Outlook 2021 ]

[Parameters in IEA WEO2021]
Energy demand (3/8)

Timeframe Country / Region

Category Datasets Several

Past| '20 | 30 | 40 | 50 | '60 | 100 Global Japan
areas

Share of electricity in useful energy demand and final
consumption by sector and scenario

o | O O

Hour-to-hour flexibility needs in the United States,
European Union, China and India in the Stated Policies O O (@)
Scenario, 2020 and 2030

Range of maximum variation in daily electricity demand in
the European Union and India in the Announced Pledges (@)
Scenario, 2020, 2030 and 2050

Oil demand over time and low emissions fuel demand in
2030

Change in oil demand by scenario between 2020 and
2030

Oil demand and supply in 2030 and 2050

@)
@)
O

Energy |Liquid biofuel demand by type and scenario
demand

Changes in natural gas demand between 2020 and 2030

Key changes in natural gas demand in the Announced
Pledges Scenario, 2020-2030

Drivers of change in natural gas demand in selected
sectors in the Announced Pledges Scenario between
2020 and 2030

Coal and solid bioenergy demand by scenario @)

O 0|0 |0

O /0o|0|O0O|O |O
O
O

Change in coal demand by scenario between 2020 and
2030

Global coal demand by sector to 2050

Wind and solar PV generation and electricity demand for
sample days in Q1 by region in the Announced Pledges
Scenario

4-19 Source : IEA World Energy Outlook 2021

O 0|0 |O0]| O
O 0|0 |O0]| O
@)

[Parameters in IEA WE02021] [ IEA World Energy Outlook 2021 ]

Energy demand (4/8)

Timeframe Country / Region

Categol Datasets
S Past| 20 | '30 | 40 | 50 | 60 | 100 | Global | S¢Y¢"@ | japan
areas

Duration curves of variable renewables, storage and
demand-side response in the United States in the (@) (@] O (@] (@)
Announced Pledges Scenario
Reductions in coal, oil and natural gas use from switching
to electricity and low-carbon energy by scenario, 2020- (@] O (@] O O
2050
Ratio of peak to average monthly natural gas demand in
selected regions © o o o
Changes in natural gas demand in selected sectors in the
European Union and China in the Announced Pledges (@] O (@] (@] O
Scenario, 2020-2050
Global oil and natural gas demand and declines in supply
by scenario © © © © o o
World energy supply oO|]oOo|oO0o| 0| O @)

Energy

demand |Oil demand O | O | O O O @) (@)
World liquids demand Ol O | O O O
Natural gas demand O| O | O (@) (@) (@) @)
Coal demand O | O | O (@) (@) (@) @)
Import dependency in developing economies in Asia and
the level of supply concentration for oil and natural gas by (@] O (@) O
scenario
Fossil fuel use by scenario (@] O O (@)
Low-carbon hydrogen and hydrogen-based fuel demand o o
and supply by scenario in 2030
Annual change in oil demand and supply, 2020 and 2021 (@] O

4-20 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]
Energy demand (5/8)

Timeframe

Country / Region

Categol Datasets
el 40 | 50 | 60 | 100 | Global | Y@ | japan

areas

Past

N
o
o
o

Transition in global total energy supply by source to 2030
in the Net Zero Emissions by 2050 Scenario

Change in electricity generation by source and scenario,
2020 to 2030

Nuclear power capacity by scenario, 2020-2050

Unabated coal-fired electricity generation by scenario,
2010-2050

Qil, natural gas, coal and low emissions fuel use to 2050 | O

0|0 |0 |0

Consumption of liquid, gaseous and solid fuels by
scenario

Oil use in passenger cars and petrochemicals by scenario
Energy between 2020 and 2030

demand |0il supply by scenario O

oOjlojo|O0O|O|O|O

ojojo 0|0 |O |0 |0 |O
oj/ojo 0|0 |O |0 |0 |O
O

Changes in oil supply in selected countries in the Stated
Policies and Announced Pledges scenarios, 2020-2030
Low-carbon hydrogen-based fuel consumption in aviation o
and shipping, 2050

Natural gas use over time and low emissions gas supply
in 2030

Changes in upstream resource development and
marketed natural gas supply by scenario between 2021 @) (@)
and 2030

Natural gas imports in selected regions by source in 2020
and by scenario in 2050

Changes in natural gas production by region and scenario
between 2020 and 2050

4-21 Source : IEA World Energy Outlook 2021

[Parameters in IEA WE02021] [ IEA World Energy Outlook 2021 ]

Energy demand (6/8)

Timeframe Country / Region

Categor Datasets
9ot Past| 20 | '30 | '40 | 50 | 60 | 100 | Global | SV | japan
areas

Low-carbon hydrogen demand and production in selected o o o
regions in the Announced Pledges Scenario, 2050
Biogas production by use and scenario in 2020 and 2030 (@] O O
Cost ranges for global development potential and o o
volumes of sustainable biomethane by scenario
Coal mining jobs and production in China, 2008-2019 (@] (@)
Solid bioenergy supply by scenario (@] O O
Energy supply to 2050 by scenario (@) o | O
Total final consumption by the number of conversion

Ener steps from primary energy supply in the Net Zero O (@) @) O (@) O

9y Emissions by 2050 Scenario

demand
Value of international energy-related trade by scenario (@] O O (@)
Natural gas import requirements by scenario OO | OO @)
World final consumption OO |]O0O| 0| O (@)
World energy supply O|lo|o| 0| O (@)
World final consumption oOjlo|oOo| 0| O (@)
World energy supply oOjlo|oO| 0| O (@)
World final consumption OO |O| OO (@)

4-22 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]
Energy demand (7/8)

Timeframe Country / Region

Category Datasets Several

60 | 100 Global Japan
areas

Past

N
o
w
o

'40

gl
o

O

World energy supply

World final consumption

Total energy supply

Renewables energy supply

Oil production

Natural gas production

Energy Coal production

demand

Electricity generation

Renewables generation

Solar PV generation

Wind generation

Nuclear generation

Natural gas generation

oj/ojojo|j/o|jlo 0|0 |]O|O|O|0O|O
ojojojo|j/o|lojO0|jO0O|]O|]O|JO|O|O O
ojojojo|j/o|lojlo0o|O0|O0O|]O|O|O|0O O
o/lolojoo0ojo0ojo0ojOoO|jO|lO|lO 0O|0O]O
o,ojojojojojojo|lO|lO 0|0
o,ojojojojojojo|lo|lO0O 0|0

ojlojlojo0o | 0|0 |O0O|0O]|O

Coal generation

4-23 Source : IEA World Energy Outlook 2021

[Parameters in IEA WE02021] [ IEA World Energy Outlook 2021 ]

Energy demand (8/8) , Energy mix (1/2)

Timeframe Country / Region
Category Datasets Several

Past| 20 | '30 | '40 | ’50 | '60 | 100 Global Japan
areas

Total final consumption (@]

Industry consumption

Energy  |Transport consumption
demand

O |0 |0
O|0O |0

Buildings consumption

Changes in key gas-based electricity indicators in
selected regions in the Announced Pledges Scenario,
2020-2030

O
O
@)
O
O
O

Key indicators of energy system change by scenario O O

The rising share of low emissions fuels in the energy mix @) @)

Electricity system flexibility by source and scenario, 2020
and 2050

Fuel substitution of oil, coal and natural gas by low-
carbon gaseous hydrogen and synthetic methane, 2050

o]0 |0 |0

Energy mix |Phases of renewables integration by scenario O | O (@) (@)

Progress with economic and energy diversification in
selected producer economies

Categorisation of producer economies by economic and
energy diversification performance

World electricity sector

OO0 |0 |0
@)

World electricity sector

4-24 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]
Energy mix (2/2) , Price of key commodities/products

Timeframe Country / Region

Category Datasets
Past| '20 | 30 | 40 | 50 | 60 | 100 | Global | S2Y®@ | japan
areas

World electricity sector Ol o] O | O] O (@)

Energy mix |World electricity sector O O O (@] O O
Global energy system today and in 2050 in the Net o o
Zero Emissions by 2050 Scenario
Oil, natural gas and coal prices by region, 2010 -2021| O | O (@) @)
Average household energy bills by fuel in the Stated ol o o o
Policies and Net Zero Emissions by 2050 scenarios
Impact of a commaodity price shock on average ol o o
household energy bills in 2030 by scenario
Fossil fuel prices by scenario O] O | O (@) (@) O

Price of key o .

commodities [Monthly price indicators for selected commodities O | O O

Vaslsis Change in electricity prices and generation costs for
additional solar PV and wind generation in China, @) (@)
2030
Average pack price of lithium-ion batteries and share ol o o
of cathode material cost
Impacts of 2021 material price increases on the costs
: O (©)

of selected clean energy technologies
Average annual import bills and export revenues for o o o
selected critical minerals by country/region, 2015-2019

4-25 Source : IEA World Energy Outlook 2021

[Parameters in IEA WE02021] | IEA World Energy Outlook 2021 |

Predictions on production and sales, Technology (1/2)

Timeframe Country / Region

[oF:1=Te[e14% Datasets Several

Past| '20 | '30 | '40 | 50 | ’60 | 100 | Global Japan
areas

Cost-competitive steel production from innovative technologies and
related CO2 emissions in the Announced Pledges and Net Zero O O (@)
Emissions by 2050 scenarios

Cost-competitive stock of electric cars in 2030 and 2050, and CO2
emissions reduction in road transport to 2050 by scenario

Share of zero emissions vehicles sales in Canada and the United
States in the Stated Policies and Announced Pledges scenarios, O | O O
2020 and 2030

Market size and level of geographical concentration for selected
commodities, 2019

Battery chemistries and EV-related mineral demand growth in the
Net Zero Emissions by 2050 Scenario in the base and constrained @) @) (@)
mineral supply cases

Predictions
on
production
and sales

Seaborne crude oil trade by route and scenario Ol O | O O (@)

Estimated market size for selected clean energy technologies by
technology and region, 2020-2050

Global patenting for low-carbon energy technologies versus fossil
fuel and other technologies, 2000-2019

Number of countries that have adopted selected energy and non-
energy technologies, 1910-2018

Examples of commercial-scale project development for industrial
[Esreieey clusters, hydrogen and CCUS - B B - B - - o
Impact of behavioural change and materials efficiency by sector and
scenario, 2030

CO2 capture capacity by project and scenario, 2030

Planned and announced electrolyser installations to 2030 and their
proportion of required additions, 2021-2030
4-26 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]
Technology (2/2) , Policy/Regulation (1/3)

Timeframe Country / Region

Categor: Datasets
9ot Past| 20 | 30 | 40 | '50 | '60 | 100 | Global | SV | japan
areas
Mineral requirements for clean energy technologies by scenario (@] O (@)
Refining capacity and runs O | O O (@) (@) O (@)
Remaining technically recoverable fossil fuel resources, end-2020 (@] (@) O
'Srechnqlogy costs in selected regions in the Announced Pledges olo o o
Technology cenano
Technology costs in selected regions in the Sustainable olo o o
Development Scenario
Technology costs in selected regions in the Net Zero Emissions
by 2050 Scenario ©|0 O o
Capital costs for selected technologies by scenario O | O @) O
Technology costs in selected regions in the Stated Policies
Scenario ol o ©
Investment in oil and gas production and clean energy in the o o
Stated Policies and Net Zero Emissions by 2050 scenarios
Four key priorities to keep the door to 1.5°C open (@)
Selected indicators of clean electrification in the Announced olo o
Policy/  [Policies and Net Zero Emissions by 2050 scenarios
Regulation
/Average annual clean energy investment and financing in the olol o o
Announced Policies and Net Zero Emissions by 2050 scenarios
Average annual energy investment by emissions reduction o
potential, 2022-30
Employment growth in clean energy and related areas to 2030
4-27 Source : IEA World Energy Outlook 2021

[Parameters in IEA WE02021] | IEA World Energy Outlook 2021 |

Policy/Regulation (2/3)

Timeframe

Country / Region

Category Datasets Severa

Past | 20 30 40 '50 ’60 | 100 | Global Japan
| areas

Annual average coal power plant retirements in the Announced
Policies and Net Zero Emissions by 2050 scenarios

oO|lOoO| O OO O

Average age of existing coal power plants in 2020 in selected
regions and average age at retirement in the Net Zero Scenario
Changes in fossil fuel employment and energy areas with
overlapping skills in the Announced Policies Scenario to 2030

Energy investment trends by region (@) ©) ©)

Global fossil fuel consumption subsidies, 2010-2021e O (@]

Breakdown of measures to close the ambition gap by 2030

O
O
O |0
O
O

Policy/  |Average annual energy investment 2016-2020, and in the
Regulation [Net Zero Emissions by 2050 Scenario
Tracking progress towards 2030 milestones in transport and
industry by scenario
Average annual investment in clean energy by type and
economic area, 2016-2020, and by scenario, 2026-2030
Average annual investment by type and source in the electricity
sector, 2016-2020, and by scenario, 2026-2030

Tracking progress towards 2030 milestones by industry branch
and scenario

Average annual clean energy investment in industry by type and
source, 2016-2020, and by scenario, 2026-2030

Tracking progress towards 2030 milestones in the transport
sector by scenario

4-28 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]

| IEA World Energy Outlook 2021 |

Policy/Regulation (3/3) , Air pollution, Water stress, Covid-19 related (1/2)

Category Datasets

Past

'20

40

Timeframe

'50

'60

100

Global

Country / Region

Several
areas

Japan

Average annual clean energy investment in transport by type and
source, 2016-2020, and by scenario 2026-2030

O

Tracking progress towards 2030 milestones in the buildings sector by
scenario

Average annual clean energy investment in buildings by type and
source, 2016-2020, and by scenario, 2026-2030

Key indicators for the chemicals and light industry sub-sectors in India
in the Stated Policies Scenario in 2030 and cost-effective energy and
materials efficiency potential

Policy/ /Average annual electricity network investment by scenario, 2016-2050
olicy;

Regulation |Average annual upstream oil and gas investment by scenario

@)

O

Cross-cutting policy assumptions for selected regions/countries by
scenario

Electricity sector policies and measures as modelled by scenario for
selected regions/countries

O |0 |0 |0

Industry sector policies and measures as modelled by scenario for
selected regions/countries

Buildings sector policies and measures as modelled by scenario for
selected regions/countries

Transport sector policies and measures as modelled by scenario for
selected regions/countries

OO0 |0 |0 ]|O

O|lo|O0O|O]|O

Share of population exposed to various PM2.5 concentrations and

ol premature deaths from ambient air pollution in 2030

OO0 |0 0|0

Water  |Water stress exposure of freshwater-cooled thermal and nuclear
stress  |power plants, refineries and copper mines

Covid-19 ) ) . .
Related Share of population with at least one dose of Covid-19 vaccine

4-29 Source : IEA World Energy Outlook 2021

[Parameters in IEA WEO2021]
Covid-19 related (2/2) , Other (1/2)

| IEA World Energy Outlook 2021 |

Category Datasets St
as

20

30

40

Timeframe

’50

'60

100

Global

Country / Region

Several
areas

Japan

%(;\g:dg Breakdown of global Covid-19 pandemic-related fiscal support

O

Real GDP average growth assumptions by region

Change in GDP per capita by quarter for selected countries

Government debt-to-GDP ratios for selected emerging market
and developing economies

oO|O0 | 0|0 |O

Ten-year returns of a global market benchmark versus publicly
traded renewable power and fossil fuel portfolios

Temperature rise in the WEO-2021 scenarios (°C)

Selected indicators in the Net Zero Emissions by 2050 Scenario

Global median surface temperature rise over time in the WEO-
Other -
2021 scenarios

Peak temperature rise in the WEO-2021 scenarios

O/o0|0|0O|O

Historical levels of sustainable debt issuance O

Global energy-related and industrial process CO2 emissions by
scenario and temperature rise above pre-industrial levels in 2100

Role of behavioural change in closing the ambition gap -

Population with an electricity connection unable to afford an
extended bundle of services in Africa and developing Asia

Population without access to clean cooking in the Stated Policies
and Net Zero Emissions by 2050 scenarios

4-30 Source : IEA World Energy Outlook 2021
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[Parameters in IEA WEO2021]
Other (2/2)

Timeframe Country / Region

Categor Datasets
900 Past| '20 | '30 | 40 | 50 | 60 | 100 | Global S;‘;f' Japan

/Access to clean cooking by technology and related
investment in the Stated Policies and Net Zero O
Emissions by 2050 scenarios, 2021-2030
Share of energy infrastructure capacity at risk of
destructive cyclones, 2020

)

O Population assumptions by region (@]

All regions: Sustainable Development Scenario
assumptions

O|O0 |0 |O
O
O

All regions: Net Zero Emissions by 2050 assumptions

4-31 Source : IEA World Energy Outlook 2021

[Parameters in IEA Net Zero by 2050] [ IEA Net Zero by 2050 |

Carbon price, CO2 emissions (1/2)

Timeframe Country / Region

Category Datasets , Several

Past | 20 ’60 70 | Global Japan
areas

[}
o
N
o
o
o

Carbon |CO2 prices for electricity, industry and energy production in
price the NZE

o

Energy-related and industrial process CO2 emissions by
region and sector in the STEPS

Total energy supply and CO2 emissions intensity in the
STEPS

Emissions from existing infrastructure by sector and region

O

O

Global energy-related and industrial process CO2 emissions
by scenario and reductions by region, 2010-2050

Global CO2 emissions by sector in the STEPS and APC

Global net CO2 emissions in the NZE

Global net-CO2 emissions by sector, and gross and net CO2

C_:O? emissions in the NZE
emissions

o/lo0|O0|O]J]O|O]|]O]O | O

Average annual CO2 reductions from 2020 in the NZE

Emissions reductions by mitigation measure in the NZE, 2020-
2050

Total final consumption and demand avoided by mitigation
measure in the NZE

Role of technology and behavioural change in emissions
reductions in the NZE

O |0|0|O0
0Ol o0|O0|O0O]O|O|O]O OO |O
O/ o0|O0 |00 |O|O]J]O OO |0O| O
O/ o0|O0 |00 |O|O]J]O OO |0O]| O

O|lO0]O|O|]O|O|O| O

CO2 emissions and energy demand reductions from
behavioural change in the NZE

O
O
O
O

Global CO2 emissions from aviation and impact of behavioural

; O | O O O
changes in the NZE
4-32 Source : IEA “Net Zero by 2050 A Roadmap for the Global Energy Sector”




IEA Net Zero by 2050 ]

[Parameters in IEA Net Zero by 2050] [
CO2 emissions (2/2)

Timeframe Country / Region

Category Datasets Several

'60 | '70 | Global Japan
areas

Past | '20 | '30 | 40

i
=]

Global CO2 emissions savings and car ownership per household
due to behavioural change in the NZE

CO2 emissions by sector in the NZE O

Global CO2 emissions from industry by sub-sector in the NZE

Global CO2 emissions in heavy industry and reductions by
mitigation measure and technology maturity category in the NZE

CO2 emissions from existing heavy industrial assets in the NZE

Global CO2 transport emissions by mode and share of emissions

reductions to 2050 by technology maturity in the NZE

Global direct CO2 emissions reductions by mitigation measure in
CO2 buildings in the NZE

emissions |Emissions reductions from policy-driven and discretionary

behavioural changes by citizens and companies in the NZE

Global CO2 emissions changes by technology maturity category

in the NZE

CO2 emissions in the Low International Co-operation Case )

and the NZE

CO2 emissions in the Low International Co-operation Case and

the NZE in selected sectors in 2050

CO2 emissions O]l O] OO

ojlojJOo|O|O|O

Annual CO2 emissions savings in the net zero pathway, relative
to 2020

Global energy-related CO2 emissions in the net zero pathway and o)
Low International Co-operation Case
4-33 Source : IEA “Net Zero by 2050 A Roadmap for the Global Energy Sector”

(@)
cojojojo|jolojlo|jOo|J]O|]O|]O|O|O O
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[Parameters in IEA Net Zero by 2050] [ Lo e )

Energy demand (1/3)

Timeframe Country / Region
Category Datasets Several

60 70 | Global Japan
areas

o
Q

@

o
N
o
o
S
IN
o
i
=]

Total final consumption by sector and fuel in the STEPS O

Electricity generation by fuel and share of coal in the 0O
STEPS

Total energy supply by source in STEPS and APC @)

Total final consumption in the APC

Global electricity generation by source in the APC

Total energy supply in the NZE

Total energy supply of unabated fossil fuels and low-
emissions energy sources in the NZE

Energy
demand |(Global total final energy consumption by fuel in the NZE

Global final energy consumption by sector and fuel in the
NZE

Global electricity demand and share of electricity in
energy consumption in selected applications in the NZE

oOjlojo0olO0]|]O0O|]O0O|O|0O|O0O

O|lO|]O |0 |0

ojojo|o0o|j]O|]O|O | O|O|0O|O
ojojo|jo0o|]O0O|]O|O | O|O|0O|O
ojojo|o0o|]O|]O|O | O|O|0O|O

ojlolo|]O0O|O|O|O|O|O

Total bioenergy supply in the NZE O

Additional electricity demand in 2050 and additional
investment between 2021-2050 for selected areas of
uncertainty

Reduction in total final consumption due to behavioural
changes by fuel in the NZE

Global bioenergy supply by source in the NZE O o | O O @)
4-34 Source : IEA “Net Zero by 2050 A Roadmap for the Global Energy Sector”

(@)
O

O
O
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IEA Net Zero by 2050 ]

[Parameters in IEA Net Zero by 2050] [
Energy demand (2/3)

Timeframe

Country / Region

Category Datasets Several

Past| 20 | '30 | '40 | ’50 | '60 | '70 | Global Japan
areas

Impact on electricity demand and ability to achieve net-zero
emissions by 2050 without expanded bioenergy land use

O

Electricity demand by sector and regional grouping in the NZE o | O

Global electricity generation by source in the NZE O | O

O

Coal-fired electricity generation by technology in the NZE O

/Additional global alternative capacity needed in a Low Nuclear and
CCUS Case

Global final industrial energy demand by fuel in the NZE

Energy |Global transport final consumption by fuel type and mode in the
demand [NZE

Global energy consumption by fuel and CO2 intensity in non-road
sectors in the NZE

Global electricity demand and battery capacity for road transport in
the NZE and the All-Electric Case

Global final energy consumption by fuel and end-use application in
buildings in the NZE

Global building and heating equipment stock by type and useful
space heating and cooling demand intensity changes in the NZE

Global change in electricity demand by end-use in the buildings )
sector

Global residential space heating and cooling energy demand in the ololo
NZE and Delayed Retrofit Case

4-35 Source : IEA “Net Zero by 2050 A Roadmap for the Global Energy Sector”
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( IEA Net Zero by 2050 )

[Parameters in IEA Net Zero by 2050]
Energy demand (3/3) , Price of key commodities/products, Predictions on production and sales (1/2)

Timeframe Country / Region

Categor: Datasets
9o Past| 20 | '30 | 40 | 50 | 60 | 70 | Global | SV | japan
areas
Global average annual energy investment needs by
sector and technology in the NZE ©lo0|O0 |00 o
Global energy spending by fuel in the NZE O]lO | O] OO O
Average annual household energy bill in the NZE o | O O O
Energy |Change in household spending on energy plus 0 0 0O
demand |energy-related investment in the NZE relative to 2020
Energy supply and transformation ojlo | O 0|0 O
Energy demand OO | O] OO O
Electricity O]lO | O] O] O O
Fossil fuel prices in the NZE O]l O] O | O O
Frtsaelley Global value of coal and selected critical minerals in o o o
... [the NZE
commodities — -
Jproducts ’C\IEIZoEbaI electricity supply costs by component in the olo ) o
Global revenues from taxes on retail sales of oil and
gas in the NZE ©OlO0 010 O
Predci:;tions Fossil fuel use and share by sector in 2050 in the NZE O O
roduction
F;nd s Solid, liquid and gaseous fuels in the NZE ol O] O] OO O
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[Parameters in IEA Net Zero by 2050]
Predictions on production and sales (2/2)

[

IEA Net Zero by 2050

Category

Predictions

on
production
and sales

Datasets

nY
(]
7]
=
N
o

o
o

Timeframe

i
o

‘60

70

Global

Country / Region

Several
areas

Japan

Battery demand growth in transport and battery energy o
density in the NZE

Fuel shares in total energy use in selected applications 0O
in the NZE

Global hydrogen and hydrogen-based fuel use in the
NZE

Coal, oil and natural gas production in the NZE O

o]0 |0

Oil and natural gas production in the NZE (@)

Global supply of low-emissions fuels by sector in the
NZE

Global biofuels production by type and technology in
the NZE

Global production of hydrogen by fuel and hydrogen
demand by sector in the NZE

ojojojo|j]o|]O|O|0O|O

Global industrial production of bulk materials by
production route in the NZE

ojojoj]oj]o|j]O|O|0O|O

ojojojo|j]o|]O|O|0O|O

oo |0 |O

Global share of battery electric, plug-in hybrid and fuel
cell electric vehicles in total sales by vehicle type in the
NZE

(@)

(@)

(@)

(©)

Heavy trucks distribution by daily driving distance, 2050

O

Income from oil and gas sales in producer economies

in the NZE o o

Global oil supply and LNG exports by region in the NZE| O | O
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[Parameters in IEA Net Zero by 2050]
Demographic variables, Technology (1/2)

IEA Net Zero by 2050

Category

variables

Datasets

World population by region and global GDP in the NZE

Past

20

Timeframe

&)
)

40

50

'60

70

Global

Country / Region

Several
areas

Japan

O

Change in annual growth rate of global GDP in the NZE relative to
the STEPS

Global energy sector employment in the NZE, 2019-2030

New workers in clean energy and related sectors and shares by

Demographic (skill level and occupation in the NZE and the STEPS in 2030

O |0 |0

People gaining access to electricity by type of connection in
emerging market and developing economies in the NZE

Primary cooking fuel by share of population in emerging markets
and developing economies in the NZE

Economic and Activity Indicators

Global employment in energy supply in the net zero pathway,
2019-2030

Global CO2 capture by source in the NZE

Share of low-carbon technologies and fuels with and without
behavioural change in 2030 in the NZE

Technology |CCUS by sector and emissions source in the NZE

Impacts of achieving net-zero emissions by 2050 without
expanded fossil fuel-based CCUS

ojojloj,oj]o|O0O|J]O]|]O|O|]O|0O]|O0O

Cumulative CO2 emissions reductions for selected technologies by
maturity category in the NZE

o,ojlo|O0 0|0 |O
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IEA Net Zero by 2050 ]

[Parameters in IEA Net Zero by 2050] [
Technology (2/2) , Policy/Regulation

Timeframe

Country / Region

Catego Datasets
SO Past| 20 | 30 | 40 | 50 | '60 | '70 | Global |52V japan
areas

Solar PV and wind installed capacity in the NZE OO O | O O
Share of heating technology by temperature level in light industries in o o o
the NZE
Electricity system flexibility by source in the NZE O O O
Annual average electricity grid expansion, replacement and substation
capacity growth in the NZE 010100 o

Technology |lllustrative example of a shared CO2 pipeline in an industrial cluster O
Time from first prototype to market introduction for selected ololo o
technologies in the NZE and historical examples
Electricity generation technology costs by selected region in the NZE OO O
Capital costs for batteries and hydrogen production technologies in the olo o
NZE
Key clean technologies ramp up by 2030 in the net zero pathway [ORNG©) O
Number of countries with NDCs, long-term strategies and net zero 0 0
pledges, and their shares of 2020 global CO2 emissions
Number of national net zero pledges and share of global CO2 emissions olo 0
covered

Policy/ .

Regulation Coverage of announced national net zero pledges O O
Sectoral activity of large energy-related companies with announced o
pledges to reach net-zero emissions by 2050
Selected global milestones for policies, infrastructure and technology
deployment in the NZE 0]0]0 10 o

4-39 Source : IEA “Net Zero by 2050 A Roadmap for the Global Energy Sector”

( IEA Net Zero by 2050 )

[Parameters in IEA Net Zero by 2050]
Air pollution, Other

Timeframe Country / Region

Category Datasets Several

Past| 20 | '30 | 40 | '50 | '60 | '70 Global Japan
areas
Air pollution Global premature deaths and air pollutant emissions in 0O )
the NZE
Comparison of selected indicators of the IPCC
scenarios and the NZE in 2050 Cl©]0|0|0 ©
Annual average capital investment in the NZE (O ©) O
Investment in oil and natural gas supply in the NZE Ol O | O @)
Methane emissions from coal, oil and natural gas in the o o o o o
NZE
Other |Global investment in electricity networks in the NZE oO]l]o | O 0|0 O

Annual average investment in oil and gas and low-
emissions technologies with synergies for the oil and
gas industry in the NZE

O
O
O
O
O

Key milestones in the pathway to net zero O 0|0 O
Clean energy investment in the net zero pathway O O

Global energy security indicators in the net zero o o
pathway

4-40 Source : IEA “Net Zero by 2050 A Roadmap for the Global Energy Sector”



[Parameters in IEA ETP 2020]
CO2 emissions (1/4)

[ IEA Energy Technology Perspectives 2020 ]

COo2

General

Global primary energy demand and energy-related CO2 emissions, 1971-2020

Past

'20

30

’40

Global

Several
areas

Japan

General

Global energy-related CO2 emissions by region

@)

General

Global energy sector CO2 emissions by fuel and technology in the Sustainable
Development Scenario, 2019-70

General

Cumulative energy sector CO2 emissions by region and scenario, 2019-70

General

Global CO2 emissions in transport by mode in the Sustainable Development Scenario,
2000-70

General

Global industrial energy consumption and CO2 emissions in the Sustainable Development
Scenario, 2019-70

General

Global energy consumption and CO2 emissions in long-distance transport by sub-sector in
the Sustainable Development and Stated Policies scenarios

General

Global energy sector CO2 emissions reductions by current technology maturity category in
the Sustainable Development Scenario relative to the Stated Policies Scenario, 2019-70

0|0 |0 |0 |O]O |00

0|0 |0 |0 |O]|O
0|0 |0 |O |O]|O

0|0 |O |0 |O]O

O|O0|]O |0 |O]|O

General

Global CO2 emissions reductions by current technology maturity category and sector in the
Sustainable Development Scenario relative to the Stated Policies Scenario, 2040 and 2070

OO0 |]O|O|O |O]|O

0|0 |]O0O|O|O |O]|O

emissions | General

Global energy sector CO2 emissions by sector, 2019 and 2050

)

General

Global captured CO2 emissions by source, 2050

o)

General

Share of energy-related CO2 emissions covered by national and supra-national public net-
zero emissions targets today

Specific
sector

Global energy-related CO2 emissions by fuel (left) and sector (right), 2000-19

Specific
sector

Global CO2 emissions from existing energy infrastructure by sub-sector, 2019-70

Specific
sector

Global energy sector CO2 emissions by sector and sub-sector/fuel in the Sustainable
Development Scenario, 2040 and 2070

Specific
sector

Growth in global CO. capture by sector and fuel in the Sustainable Development Scenario,
2019-70

Specific
sector

Global energy sector CO2 emissions by sector in the Sustainable Development Scenario,
2019-70

o|lo0oj]o0|0O|O|O|O|OJO|O|O|O|0O|O]0O OO

Specific
sector

Global direct CO2 emissions in industry by sub-sector and region in the Sustainable

Development Scenario, 2019-70

oO|lO0|O|O |0

0|0 |0 |0 |O

0|0 |0 |0 |O
0|0 |0 |0 |O
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[Parameters in IEA ETP 2020]
CO2 emissions (2/4)

[ IEA Energy Technology Perspectives 2020 ]

CO2
emissions

Specific |Global chemical sector direct CO2 emissions and energy consumption in the Sustainable
sector |Development Scenario, 2019-70

Past

‘40

‘60

Global

Several
areas

Japan

O

Specific |CO2 emissions from the use phase of buildings by sub-sector and region in the Sustainable
sector |Development Scenario, 2019-70

Specific |Global iron and steel sector direct CO2 emissions and energy consumption in the Sustainable
sector |Development Scenario, 2019-70

Specific |Global cement sector direct CO2 emissions and energy consumption in the Sustainable
sector |Development Scenario, 2019-70

o|lo0 |0 |O

OO0 |0 |0

Specific |Decomposition of embodied cement and steel sector CO2 emissions in buildings construction,
sector 2000-20

Specific |CO2 emissions in the buildings and construction value chain in the Sustainable Development
sector |Scenario, 2010-70

o]

)

Specific [World cement- and steel-related CO2 emissions in the buildings construction sector by scenario
sector |and driver, 2019-70

o|lo|O0|0O]|O

Specific |Share of vehicle sales covered by fuel economy and/or CO2 emissions standards by vehicle
sector |type and country/region

ojlo|jo|o|O|O|O

Specific
sector

Global CO2 emissions from trucks by abatement measure (left) and technology readiness level
(right) in the Sustainable Development Scenario relative to the Stated Policies Scenario, 2019-
70

o]

Specific |Global freight activity, energy consumption and CO2 emissions in international maritime
sector [shipping by vessel type and fuel, 2019

o]

Specific |Global energy consumption and CO2 emissions in international shipping in the Sustainable
sector |Development Scenario, 2019-70

Specific |Share of activity covered by corporate carbon-neutral targets among the largest corporate
sector _|players

Specific |Global CO2 emissions locked in by existing energy-related assets by sector measured against
sector |the CO2 emissions trajectory of the Sustainable Development Scenario, 2019-70

Specific
sector

Unlocking CO2 at the next investment cycle in key industrial sectors O

Amount of|
reduction

The technology portfolio for reducing direct industrial CO2 emissions, 2040 and 2070

Amount of]
reduction

Global CO2 emissions reductions in shipping by mitigation category (left) and technology
readiness level (right) in the Sustainable Development Scenario relative to the Stated Policies O
Scenario, 2019-70

4-42 Source:|EA Energy Technology Perspectives 2020




[ IEA Energy Technology Perspectives 2020 ]

[Parameters in IEA ETP 2020]
CO2 emissions (3/4)

Timeframe Country/region
Catego Datasets
IR Past| '20 | '30 | 40 | 50 | 60 | 70 | Global | S€Y¢™@ | japan
areas
Amount of o L
reduction Selected decarbonisation indicators by scenario in 2050 O @) @)
Amount of Global CO2 emissions in aviation by abatement measure (left) and technology readiness|
reduction level (right) in the Sustainable Development Scenario relative to the Stated Policies @) O (@) O O O @) O
Scenario
Amountof  [Contribution to global energy sector annual CO2 emissions reductions in 2050 by o o
reduction current technology maturity category
Amountof  |Global energy sector annual CO2 emissions reductions by type of abatement measure o o
reduction and total primary energy demand, 2050
Amount of  [Global energy sector CO2 emissions reductions by measure in the Sustainable
reduction Development Scenario relative to the Stated Policies Scenario, 2019-70 O O O O O O O O
Amount of Global CO2 emissions reductions in the cement sector by mitigation strategy and current
reduction technology maturity category, 2019-70 O O o o o o o o
Amount of  [Global CO2 emissions reductions from electrification by sector in the Sustainable o o o o o o
reduction Development Scenario relative to the Stated Policies Scenario,2030-70
Amount of Global CO: use for fuel and feedstock production in the Sustainable Development
co2 reduction 'Scenario, 2019-70 O O O O O O O O
emissions Amountof  |Global CO2 emissions reductions from hydrogen by sector in the Sustainable o o o o o o
reduction Development Scenario relative to the Stated Policies Scenario, 2030-70
Amountof  |Global CO2 reductions from bioenergy use in the Sustainable Development Scenario o o o o o o
reduction relative to the Stated Policies Scenario, 2030-70
Amount of  [Global CO2 emissions in the power sector by scenario and decomposition of the
reduction difference by technology type O O o o o o o o
Amountof  |Global development of electrolyser capacity and CO2 capture from hydrogen by region
reduction in the Sustainable Development Scenario, 2019-70 O O O O O O O O
Amount of Global cumulative CO2 emissions reductions in the buildings sector by mitigation lever
reduction and technology readiness level in the Sustainable Development Scenario relative to the (@) O @) @) @) @) @)
Stated Policies Scenario, 2020-70
Amount of  |Global CO2 emissions reductions in the chemical sector by mitigation strategy and
reduction current technology maturity category, 2019-70 o o o o o o o o
Amountof  |Global CO2 emissions reductions in the iron and steel sector by mitigation strategy and
reduction current technology maturity category, 2019-70 o o o o o o o
Power . )
generation Emissions from US coal-fired power plants, 1990-2018 @) O

4-43 Source: IEA Energy Technology Perspectives 2020

[ IEA Energy Technology Perspectives 2020 ]

[Parameters in IEA ETP 2020]
CO2 emissions (4/4) , Energy demand

Timeframe Country/region
Category Datessts Past | 20 | '30 | 40 | 50 | ®0 | 70 | Global S;‘;‘:’:' Japan
C0o2 " CO2 emissions by income quartile (left) and air trips by GDP per capita and region, 2018
emissions Intensity (right) © ©
Primary N .
energy Global total primary energy demand, population and GDP, 1950-2019 O (@)
Primary  |Annual change in GDP, total primary energy demand and energy intensity in selected o o
energy |countries/regions, 2000-19 O
Primary |, hal primary energy demand by fuel, 1925-2019 o)
energy primary 9y y fuel, - @]
Fe,:::é?, Primary demand for low-carbon energy sources, 2000-19 O (@)
Fe,:::é?, Primary energy demand by fuel and scenario (Mtoe) @) (@) @) (@)
Primary . .
energy Global primary energy demand by fuel share and scenario, 2019 and 2070 @) O @)
Primary Primary energy demand by region and scenario @) (@) @) O
energy
Final energy [Final energy consumption by sector, fuel and scenario @) @) O @)
Energy . Change in global final energy demand by fuel and sector in the Sustainable Development
demand Final energy g cenario, 2019-70 ojlo|o|Oo|O|O|O (@]
. Global final energy demand for hydrogen by sector and share of hydrogen in selected
Final energy sectors in the Sustainable Development Scenario O O O O O O O O
. Final energy demand by fuel shares for total industry and selected sub-sectors in the
Final energy Sustainable Development Scenario, 2019-70 O O O O o O o O
. Global share of hydrogen and electricity in final energy demand by end-use sector (left) and
Final energy selected adoption metrics of hydrogen technologies (right), 2019 and 2050 o O o
Renewable |Global bioenergy demand by sector and share of bioenergy use in key sectors in the
energy  |Sustainable Development Scenario, 2019-70 O O O O O O O O
Specific  |Global transport sector energy consumption by fuel in the Sustainable Development
sector Scenario, 2019-70 O O O O o O o O
Specific  |Global heavy-duty trucking energy demand by fuel and average vehicle efficiency in the
sector Sustainable Development Scenario, 2019-70 O O O O o O o O
Specific  |Global aviation fuel consumption in the Sustainable Development Scenario and total fuel
sector use in the Stated Policies Scenario, 2019-70 O O O o O o O
Global hydrogen production by fuel and hydrogen demand by sector in the Sustainable
General Development Scenario, 2019-70 O O O O o O o O

Source: |IEA Energy Technology Perspectives 2020
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[ IEA Energy Technology Perspectives 2020 ]

[Parameters in IEA ETP 2020]
Energy mix , Price of key commodities/products , Predictions on production and sales (1/2)

ame 0 egio
o Datase
90 Past 20| *30 | *40 | 50 | %60 | 70 | Global S;‘g:' Japan
Power  |Growth in global electricity consumption by sector and scenario and electricity share in
supply _[total final consumption in the Sustainable Development Scenario o o] o o o o o o
Power |Contribution of residential cooling and electric vehicles to net electricity load in China in the o o
E . supply  [Sustainable Development Scenario, 2030
nergy mix " - - . " P "
Coal Coal-fired electricity generation from existing plants in the Stated Policies and Sustainable o ol o o o o o o
Development scenarios, 2019-70
| Global cumulative investment in selected energy infrastructure in the Sustainable
nvestment N @) O
Development Scenario
Price of key Specific  |The effect of batltery and fuel cell prices on total cost of ownership of heavy-duty trucks in o
o sector _|long-haul operations
commodities/ ; . n - -
el Specific |Capital cost reductions of selected clean energy technologies at early stages of adoption o
B sector in the Sustainable Development Scenario, 2019-30
Power  |Projected synthetic kerosene production costs from different sources and impact of o
supply [electricity costs and full-load hours, 2050 o
Gas US production of shale oil* and gas, 2000-19 O O
General |Production growth in key heavy industries, 2000-30 @) O| O (@]
Period from first prototype to market introduction for selected technologies, including the
General quickest examples in recent developments o o] o o
Renewable |Global biofuels production by technology in the Sustainable Development Scenario, 2019-
energy |70 o|lolo|lo|]o|lo|o]| o
Reer:]eevl\'/:;ﬂe Global hydrogen production and demand in the Sustainable Development Scenario, 2070 O @]
Predictions Renewable |Global hydrogen production by technology in the Sustainable Development Scenario, o ol o o o o o o
ol energy  [2019-70
production |’ Renewable Production of hydrogen-based fuels in the Sustainable Development Scenario, 2019-70 O oO| O @) @) O O @]
and sales energy yarog P "
Specific . . .
sector Light-duty vehicle market share by size segment, 2005-17 (@) @]
Specific N . . . .
sector /Age profile of global production capacity for key industrial sub-sectors O (@]
Specific N T 5
sector Age profile and geographic distribution of road transport vehicles O O (@)
Specific Reduction in global steel and cement demand through material efficiency gains by stage in
P the supply chain in the Sustainable Development Scenario relative to the Stated Policies O @)
sector R
Scenario in 2070
Specific . .
sector Global copper and lithium demand by sector and scenario (@) oO| O @] @] (@) O @]
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[ IEA Energy Technology Perspectives 2020 ]

[Parameters in IEA ETP 2020]
Predictions on production and sales (2/2)

PELER: Past| 20 | '30 | 40 | '50 | 60 | 70 | Global | $8¥¢"@| japan
areas

Global primary chemical production by scenario and plastic

Specific sector demand by market segment, 2019-70 ©jle]0o]0© o o
- Global primary chemicals production routes by energy feedstock
Specific sector in the Sustainable Development Scenario, 2000-70 00|00 O O
- Levelised cost of ammonia and methanol production under
Specific sector : ] : (@)
varying techno-economic assumptions
Specific sector |Global steel production by region and end use, 2019-70 olojlo|lo|lo|oOo|oO (@)
Global steel production by route and iron production by
Specific sector |technology in the Sustainable Development Scenario, 1990- olojlo|jlo|loOo|oO]|O o]
2070
- Levelised cost of steel production for selected production routes
Specific sector when they reach commercialisation cle|o ©
- Levelised cost of steel production for selected production
Specific sector o

pathways at varying gas, electricity and CO2 prices
Predictions | Specific sector |Global cement production by region and end use, 2019-70 o o e

on - -
. - Global cement production by technology and material
proguctllon Specific sector composition in the Sustainable Development Scenario, 2000-70 cloe|e|]e|e|o]o ©
and sales - Levelised cost of cement production under varying techno-
Specific sector . - (@]
economic assumptions
- Projected year-to-year growth of residential construction activity
Specific sectorli 5590 relative to 2019 c|©° © ©
Specific sector [Heavy-duty truck fleet and share of road fuel demand, 2019 @] O ]
Specific sector |Growth of revenue passenger-kilometres by region, 2013-19 @] @]
- Share of flights and fuel use in overall commercial passenger
Specific sector aviation, 2017 e} (@]
Specific sector |Levelised production costs of sustainable aviation fuels in 2050 (@) O
Specific sector Heating equipment sales share and share of near-zero energy o o o o o

buildings by region in the Sustainable Development Scenario

Global share of vehicle activity electrified by mode in the Faster
Specific sector|Innovation Case relative to the Sustainable Development (@) O
Scenario, 2050
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[Parameters in IEA ETP 2020]
Technology (1/2)

[ IEA Energy Technology Perspectives 2020 ]

90 - Past| '20 | *30 | 40 | '50 | 60 | 70 | Global | 56®™@!| japan
areas
Global power generation by fuel/technology in the Sustainable
General Development Scenario, 2019-70 o © o o O o o O
General Electricity generation mix by region, fuel/technology and scenario, 2019 o o o o
and 2070
Four stages of technology innovation, feedbacks and spillovers that
General |, . . N O
improve successive generations of designs
General Public energy technology R&D and demonstration spending by IEA o o
member governments by technology, 1977-2019
General |Technology readiness level scale applied by the IEA @)
Global corporate R&D spending as a share of revenue in selected
General sectors, 2007-19 o O
General |Global early-stage venture capital deals for energy technology start-ups | O O
General |Technology readiness level of technologies along the CO2 value chain @)
General |Growth rates for revenue and R&D for selected sectors, 2007-12 O (@]
Time to materiality for selected technologies in the Sustainable
Technology General Development Scenario c|o]o]© o
Energy technology attributes that can favour more rapid innovation
General ) @)
cycles or faster learning
Global CO2 emissions savings by current technology readiness
General |category in the Faster Innovation Case relative to the Sustainable O
Development Scenario in 2050
Renewable |Technology readiness level of technologies along the low-carbon o
energy  |hydrogen value chain
Reennzv::)?le Competitiveness of bioenergy for power generation and biofuels, 2050 (@) O
Renewable |Technology readiness level of technologies along the bioenergy value o
energy [chain
Renewable |Role of hydrogen and liquid and gaseous biofuels in the Sustainable o o o
energy |Development Scenario
Renewable [Hydrogen production costs by technology in the Sustainable o
energy  |Development Scenario, 2019 and 2050
Renewable |Issuance of patents for low-carbon energy technologies in selected o o
energy |countries/regions
4-47 Source:IEA Energy Technology Perspectives 2020
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[Parameters in IEA ETP 2020]
Technology (2/2) , Policy/Regulation
90 - Past| 20 | '30 | 40 | 50 | 60 | 70 | Global | 388" | japan
areas
Renewable [Number of clean energy technology designs and components o
energy analysed in the "ETP Clean Energy Technology Guide"
Renewable [Technology readiness level of technologies along the low-carbon o
energy electricity value chain
Specific sector [Status of the main emerging technologies in the chemical sector Ol O] O (@)
Specific sector |Status of main emerging technologies in the iron and steel sector o] O | O (@]
Specific sector [Status of main emerging technologies in the cement sector Ol o | o O
Specific sector |Logistic companies and electric trucks o]l O | O @] O
Specific sector |Status of the main emerging technologies in heavy-duty road freight | © | O | O | O | O @]
Specific sector [Status of main emerging technologies in shipping (el INe) o
Technol | Specific sector |Status of the main emerging technologies in the aviation sector @) o
o — p - p
gy Fossil fuel IAge structure of existing fossil power capacity by region and o
technology
Reduction in capital cost since 2010 for PV and wind power
Investment . : O O
generation technologies
/Average annual investment in technologies by technology readiness
Investment level in the Sustainable Development Scenario ©|©0 ©
Amount of  |Unit cost reductions for selected technologies in the Sustainable o o o o o
reduction Development Scenario, 2020-70
Amount of Contribution of material efficiency to reducing cumulative cement
- and steel demand for buildings construction in the Sustainable oO|lo|O|O|O| O]l O (@]
reduction .
Development Scenario, 2019-70
Policy A policy framework for achieving deep emissions reductions in o
industry
Policy Government carbon or climate neutral targets by legal status @]
Policy/ Policy Governing process for a strategy towards net-zero emissions
Regulat Polic Core target areas for policy instruments to advance a net-zero
ion y emissions strategy by technology maturity level
Polic Number of clean energy technology designs and components
Y analysed in the "ETP Clean Energy Technology Guide"
. Technology readiness level of technologies along the low-carbon
Policy electricity value chain olo ©
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[ IEA Energy Technology Perspectives 2020 ]

[Parameters in IEA ETP 2020]
Other

< d < O eqi10
atego Jatase Past| 20 | '30 | 40 | 50 | 60 | 70 | Global | S€¥€™@ | Japan
areas
Global average energy intensity in selected end-use
General sectors, 2000-19 © o
General Typical lifetimes for key energy sector assets @]
Value and number of global energy-related venture
General capital deals (early and late stage) by semester and year o o ©
s Building stock by year of construction and share of stock
Specific sector that remains in 2050 o o o
Specific sector |Age profile and geographic distribution of aircraft @) e}
Other Specific sector Total cost of ownership of hydrogen, ammonia and o o
P electric vessels by ship type, 2030
- Passenger aviation activity by region in the Sustainable
Specific sector Development Scenario, 2019-70 © © © © © © © ©
. Heavy-duty truck fleet by powertrain in the Sustainable
Specific sector Development Scenario © © © ©
Renewable Total cost of ownership of heavy-duty trucks by low-
ener carbon fuel in the Sustainable Development Scenario, O O O
9% 2040 and 2070
Change in average annual energy-related investment by
Investment |sector and decade in the Sustainable Development O @] o @] O (@] O @]
Scenario relative to the Stated Policies Scenario

Source: |IEA Energy Technology Perspectives 2020
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[Outline of IPR scenario] [ PRI The Inevitable Policy Response ]
IPR (the Inevitable Policy Response) is an initiative for supporting investor efforts to incorporate
climate change risks into portfolio valuation; in December 2021, it released detailed
information for the 1.5°C scenario group

B |nitiative commissioned by PRI in 2018 to promote industry knowledge of climate change risk and support investor
efforts to incorporate climate change risk into portfolio valuation

B The Energy Transition Advisers and Vivid Economies led policy research and scenario modeling, working together
with institutions such as 2Dii, Carbon Tracker Initiative, Climate Bonds Initiative, Quinbrook Infrastructure Partners,
and Planet Tracker

Updated
e . . New
/ \ IPR Forecast Policy Scenario /
(FPS) .
_| IPR value drivers
IPR PO"CY =P Climate scenario that models the impact that >
forecasted policies will have on the real A set of publicly
Forecast economy by 2050 and traces the detailed available outputs from
Overview of A high-conviction policy- L effects on all emitting sectors % the FPS and 1.5°C RPS
IPR based forecast of forceful p New that offer significant
policy response to climate . granularity at the sector
change and implications IPR 1.5°C RPS Scenario and country level
for energy, agriculture "1.5°C Required Policy Scenario” building on allowing .investor§ to
and land use the IEA NZE scenario by deepening analysis of » assess their own climate
policy, land use, emerging economies, NETS, risk
and value drivers.

H i 0
\ / \Can be used by those looking to realize 1.5 C/ K /

January — October 2021
B Announced the IPR explanatory materials, FPS report on land use / energy, and the 1.5°C RPS policy summary

Release

schedule December 2021
B Announced drivers for portfolio valuation and the detailed edition of the 1.5°C RPS 2021 report

Source : Investable Policy Response “Preparing financial markets for climate-related policy and regulatory risks” (October 2021)
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[Parameters in PRI FPS 2021]
CO2 emissions, Fuel demand, Power and hydrogen (1/2)

[

PRI IPR FPS 2021

#1 #2 pa
Energy and industry CO. emissions (IPR 2021 FPS, IPR 2019 FPS, IEA STEPS) GtCO2 20/'25/'30/'35/'40/'45/'50 |p.13
CO2 Energy and industry CO: emissions (IPR FPS 2021, IEA SDS, IEA APC, IEA STEPS) GtCO2 ‘20/'25/'30/'35/'40/'45/'50 |p.14
emissions |CO. emissions by sector in 2050, GtCO2 (Power, Transport, Industry, Buildings) (IPR FPS Gteo2 50 15
2021, IEA SDS) P-
Primary energy demand (Coal, Oil, Gas, Biomass, Renewable and nuclear) EJ peryear |'20/'25/'30/'35/'40/'45/'50 |p.17
Fossil fuel demand (Coal, Oil, Gas) EJ peryear |'20/'25/'30/'35/'40/'45/'50 |p.18
Coal demand by sector (Power, Industry, Buildings, Other) '\EAJ'"'OH tonnes 20/'25/'30/'35/'40/'45/'50 |p.19
Coal demand by sector, IPR FPS and IEA SDS (Power, Transport, Industry, Buildings, Other) "E"J'";;”r ty";a"res '20/'50 p.20
Oil demand by sector (Power, Transport, Industry, Buildings, Other) MMbbliday . /195 130 /'35 /40 / 45 1 50 p.21
EJ per year
Fuel Oil demand by sector, IPR FPS 2021 and IEA SDS (Power, Transport, Industry, Buildings, MMbbl/day 20 /60 22
demand Other) EJ per year P-
Gas demand by sector (Power, Transport, Industry, Buildings, Other) Eﬁ";er year 20/'25/'30/'35/'40/'45/'50 |p.23
Gas demand by sector, IPR FPS and IEA SDS (Power, Transport, Industry, Buildings, Other) Ejn;er year ’20/°50 p.24
Biomass demand by sector (Power, Transport, Industry, Buildings, Oher) EJ peryear |'20/'25/'30/'35/'40/'45/'50 |p.25
Biomass demand by sector, IPR FPS 2021 and IEA SDS (Power, Transport, Industry, £ '20/°30 1’50 2
Buildings, Other) P-
Electricity generation mix, global (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, Thousand . , , , , , ,
Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) TWh 20/725/'30/'35/'40/'45/°50 |p.28
Electricity generation mix, IPR FPS and IEA SDS (Coal, Oil, Gas, Nuclear, Hydro, Biomass, |Thousand 20 /750 29
Biomass CCS, Solar, Wind, Hydrogen, Other) TWh P
Electricity generation mix, European Union (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, |Thousand 00 1'9E 1120 | '3 1 '40 | 'AE | "
zrc])\éver Hydro, Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) TWh 20/725/'30/'35/'40/°451'50 Ip30
Electricity generation mix, United States (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Thousand (on 1 15E 112 [ 1RE AR AR |
hydrogen Hydro, Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) TWh 20/251'30/'35/'40/'45/'50 [p 31
Electricity generation mix, China (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, Thousand (00 /195 1120 [ '35 [ A0 | 'AE |
Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) TWh 20/725/'30/35/740/'45/°50 |p.32
Electricity generation mix, India (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, Thousand ; , , , , , ,
Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) TWh 20/725/'30/'35/'40/°45/'50 |p.33
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[Parameters in PRI FPS 2021]
Power and hydrogen (2/2) , Transport, industry and buildings

[

PRI IPR FPS 2021

#1 #2 pa
Electricity generation mix, Japan (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, (on [1DE 1120 | 1RE | AA [ AR ]
Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hyrdogen, Other) Thousand TWh 20/725/'30135/'40/'45150 p 33
Electricity generation mix, Canada (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear (o 11O 112 e AN AR |
4 X ' ! L y P § ! 20/'25/'30/'35/'40/'45/'50 |p.
Hydro, Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) Thousand TWh p-34
Electricity generation mix, Australia (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear .
: X ! i s 4 - : y 20/'25/'30/'35/'40/'45/'50|p.
Power Hydro, Biomass, Biomass CCS, Solar, Onshore wind, Offshore wind, Hydrogen, Other) Thousand TWh p-34
and Coal generation by region (China, India, USA, Southeast Asia, EU, Other OECD, Other
! ’ ’ ! ! ’ ‘20/'25/'30/'35/'40/'45/'50 |p.
hydrogen non-OECD) Thousand TWh p.35
Gas generation by region (USA, MENA, EU, Southeast Asia, Russia, Central and South (o 1 1oE 112N AR AN AR |
4 ’ ¢ ! ! ! 20/'25/'30/'35/'40/'45/'50 |p.
America, Other non-OECD, Other OECD) Thousand TWh p-36
Hyfir.ogen demand by sector (Existing feedstock uses, Power, Transport, Industry, Million tonnes per Yeall.oq /195 /130 /'35 / '40 | '45 / '50 0.37
Buildings) EJ per year
Hydrogen production by route (Unabated, Blue, Green) '\E"J'";;”r ty"e’;"res PerYear.ng 125 /130 /'35 1 '40 / 45 /50 p.38
Passenger cars by powertrain (Fossil, Plug-in hybrid, Battery electric, Hydrogen, Natural gas) million vehicles ‘20/'25/'30/'35/'40/'45/'50 |p.40
Truck fleet by powertrain (Fossil, Plug-in hybrid, Battery electric, Hydrogen, Natural gas) million vehicles 20/'25/'30/'35/'40/'45/'50 |p.41
Indust'r){ energy mix (Coal, Coal CCS, Oil, Gas, Gas CCS,Biomass, Biomass CCS, Heat, EJ per year 20/'25/'30 /'35 /'40 / '45 / 50 |p.42
Electricity, Hydrogen)
Industry energy mix, IPR FPS and IEA SDS (Coal, Oil, Natural gas, Bioenergy, Imported heat, EJ 20/'50 43
Electricity, Hydrogen, Other) P
Steel production by technology (Conventional coal (BF-BOF), BF BOF with CCS, Gas DRI, ‘ ' B B i . f
TranSpPOtiyarcen DRI Sotan aith Ea) ( ) Mt per year 20/'25/'30/'35'40 /'45 /50 p.44
|nd;stry Cement production by technology (Coal, Coal CCS, Oil, Gas, Gas CCS, Biomass, Biomass CCS) Mt per year '20/'25/'30 /'35 /'40 /'45 / '50 |p.45
an
buildings Coal demand by industry sector (Iron and steel, Non-metallic minerals, Chemicals, Other, CCS) |EJ 20/'25/'30/'35/'40/'45/'50|p.46
Oil demand by industry sector (Iron and steel, Non-metallic minerals, Chemicals-fuel, Chemicals- EJ '20/'25/'30 /'35 /'40 /45 / '50 |p.47
feedstock, Other)
Gas demand by industry sector (Iron and steel, Non-metallic minerals, Chemicals, Other, CCS) |EJ 20/'25/'30/'35/'40/'45/'50|p.48
E;i(;(:(i)ngge:)eating technology mix (Coal, Oil, Gas, Biomass, District heat, Resistive, Heat pump, Thousand GW 20/'25/'30 /*351'40 /'45 1 50 |p.49
:Zirrgj:(;fﬁciency of building floorspace (Conventional, Net zero ready-retrofit, Net zero ready- billion m2 '20/'25/'30 /'35 /'40 /'45 /'50 |p 50
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[Parameters in PRI FPS 2021]
Land use, Policy, technology and behavioral expectations

[

PRI IPR FPS 2021

#1 #2 pa
— GtCO2e/year in 2050 '50 p.12
Meat prgductlon in IPR FPS 2021  (Monogastric (pig), Poultry, Ruminant meat, Mt DM/ yr 20/'25/'30/'35/'40/'45/'50 |p.17
Alternative meat)
Crop production productivity in IPR FPS 2021 t DM/ hectare 20/'25/'30/'35/'40/'45/'50 |p.18
NBS supply by region (incl. avoidance) in IPR FPS 2021 (AU, SSA, CAN, CSA, EEU,
BRA, EURA, GCC, IND, INDO, JAP, MENA, RU, SA, SAF, CHI, SEAOQ, SK, UK, USA,|GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.20
WEU)
NBS supply by region (excl. avoidance) in IPR FPS 2021(AU, SSA, CAN, CSA, EEU,
BRA, EURA, GCC, IND, INDO, JAP, MENA, RU, SA, SAF, CHI, SEAOQ, SK, UK, USA,|GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.21
WEU)
— billion USD 2021 20/'25/'30/'35/'40/'45/'50 |p.23
s . Mean estimated emissions |,
Land use Source of greenhouse gas emissions 2019 (Agriculture, Forestry and Land use) (Gt CO2e) 19 p.25
Land use 2017 (Cropland, Pastures and Rangelands, Forests, Other Land) mﬁ;:ﬁgated land use M7 p.25
Production volume by type of livestock (Monogastric, Poultry, Ruminant meat, Dairy) |Mt wet matter 19 p.26
Emissions by type of livestock (Dairy, Monogastric, Poultry, Ruminant meat) Mt CO2e 19 p.26
Primary energy demand (2018) (Coal (unabated), Oil, Natural gas (unabated), EJ 8 27
Nuclear, Bioenergy (conventional), Bioenergy CCS, Hydro, Wind, Solar PV) P
Land use change in BAU (2017 base year) (Cropland, Pastures and Rangelands, Million Ha "5 /'30 /'35 /'40 /45 | '50 p.38
Forest, Other Land)
Land use change in IPR FPS 2021 (2017 base year) (Cropland, Pastures and Million Ha "5 /'30 /'35 /'40 /45 | '50 p.38
Rangelands, Forest, Other Land)
o 20/'25/'30/'35/'40/'45/'50 /
Land use GHG emissions in IPR FPS 2021 (CO2, N20, CH4, Total) Gt CO2e ‘55 /60 /70 /80 / ‘90 / 2100 p.39
Emissions prices in IPR FPS 2021 - early adopters (Early adaopter CO2, Early 2021 USD /tCO2e 20/'25/'30 /'35 /'40/'45/'50 |p.33
adopter N20)
Policy, ngcl)s)smns prices in IPR FPS 2021 late adopters (Late adopter CO2, Late adpter 2021 USD /tCO2e 20/'25/'30/'35/'40 /'45/'50 |p.34
tec(:mology 10/°15/'20/'25/'30 /'35 /'40 |
an . World GDP (SSP1,SSP2, SSP3. SSP4. SSP5) Trillion 2005USD(PPP) '45/'50/°'55/'60/°65/70/°75 |p.36
behavioral /‘80/°85/90/°95 /2100
expectations 10/°’15/°20/'25/'30/'35/'40 /
World Population (SSP1, SSP2, SSP3, SSP4, SSP5) Billions '45/'50/'55/'60/°65/70/°75 |p.36
/‘80/°85/90/°95 /2100
4-53 Sources : PRI “IPR FPS 2021 Detailed energy system results”, “IPR FPS 2021 Detailed land use system results”
. [ PRI IPR FPS 2021
[Parameters in PRI FPS 2021]
Carbon Capture and Storage (CCS), NBS, Agriculture
Da oJe
#1 #2 P
CO. captured by fuel and sector (Power-coal, Power-gas, Power-biomass,
Carbon Industry-coal, Industry-gas, Industry-biomass, Industry-process, Hydrogen-gas, |GtCO2 20/'25/'30/'35/'40/'45/'50 |p.52
Direct air capture)
Capture and
Storage (CCS) Carbon capture and storage, IPR FPS 2021 and comparable GtCO?2 “10/20/'30/'40 / '50 53
IPCC scenarios p-
NBS supply by NBS type (incl. avoidance) in IPR FPS 2021 GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.49
NBS
NBS average cost curve in 2030 in IPR FPS 2021 (Avoided, Removal) GtCO2e '30 p.50
. . . . Average Cost (USD/tCO2e),
g:gzgz;gy)land use in IPR FPS 2021 (Maize, Oil palm, Soybean, Sugar cane, log scale 20/'25/'30 /'35 /'40 /'45 /'50 |p.41
o Quantity Supplied (GtCO2e)
Second generation bioenergy production in IPR FPS 2021 EJ 20/'25/'30/'35/'40/'45/'50 |p.42
Food price index in IPR FPS 2021 (IPR FPS 2021, IPR FPS 2021 with no food Annual food price change
production shift) (CHA, SAS, ANZ, MEA, BRA, LAM, USA, RUS, NEU, CAN, 2020-2050 P 9 20/'50 p.43
SSA, DEA, EUR, IND, REF, OAS, Global)
Maize production in IPR FPS 2021 (IPR FPS 2021, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Agriculture
Sugar cane production in IPR FPS 2021 (IPR FPS 2021, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Soyebean production in IPR FPS 2021 (IPR FPS 2021, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Palm oil production in IPR FPS 2021 (IPR FPS 2021, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Timber production in IPR FPS 2021 (IPR FPS 2021, BAU)(Roundwood, Wood Cu_b?c meters per year 20/'25/'30 /'35 /'40/'45 /'50 |p.45
fuel) (million)
4-54 Sources : PRI “IPR FPS 2021 Detailed energy system results”, “IPR FPS 2021 Detailed land use system results”




[Parameters in PRI 1.5°C RPS]
CO2 emissions, NBS, Transport, industry and building_]s

[

PRI IPR 1.5°C RPS 2021

)

#1 #2 pa
co2 Energy and industry CO2 emissions (IPR FPS 2021, IPR RPS 2021) GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.20
EMISSIONS |Energy-related CO2 emissions (IEA STEPS, IPR 1.5°C RPS, IEA NZE) GtCO2e 20/'25/'30/'35/'40/'45/'50 [p.21

NBS supply by NBS type (excl. avoidance) in IPR RPS 2021 GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.48
NBS NBS average cost curve in 2030 in IPR RPS 2021 (Afforestation, Sustainable forestry, Average Cost (USDtCOZe), .
. . log scale 30 p.49
Agroforestry, Mangrove, Silvopasture, Peat, Seagrass, Soil) Quantity supplied (GtCO2e)
Passanger cars by powertrain (Fossil, Plug-in hybrid, Battery electric, Hydrogen, - . . . B B . B B
Natural gas) million vehicles 20/'25/'30/'35/'40/'45/'50 |p.46
Truck fleet by powertrain (Fossil, Plug-in hybrid, Battery electric, Hydrogen, Natural - . . . B . . B B
gas) million vehicles 20/'25/'30/'35/'40/'45/'50 |p.47
Industry energy mix (Coal, Coal CCS, Oil, Gas, Gas CCS, Biomass, Biomass CCS, EJ per vear 20 /25 /30 /'35 /'40 / '45 / '50 48
Heat, Electricity, Hydrogen) pery P
Industry fuel mix, IPR 1.5°C RPS and IEA NZE (Other, Hydrogen, Electricity, imported EJ 20/'50 49
heat, Bioenergy, Natural gas, Oil, Coal) p-
Steel production by technology (Conventional coal (BF~BOF), BFBOF with CCS, Gas . . . . ' ' .
Transport, DRI, Hydrogent DRI, Scrap with EAF) Mt per year 20/'25/'30/'35/'40/'45/'50 |p.50
industry Cement production by technology (Coal, Coal CCS, Oil, Gas, Gas CCS, Biomass, Mt per vear 20 /25 /30 /'35 /'40 / '45 / '50 51
and Biomass CCS) pery P-
buildings Coal demand by industry sector (Iron and steel, Non-metallic minerals, Chemicals, EJ 20/'25/'30 /'35 /'40 /45 /'50 |p.52
Other, CCS)
Oil demand by industry sector (Iron and steel, Non-metallic minerals, Chemicals-fuel, EJ 20 /'25/'30 /'35 '40 | '45 / '50 53
chemicals-feedstock, Other) P-
Gas demand by industry sector (Iron and steel, Non-metallic minerals, Chemicals, EJ 20/'25/'30 /'35 /'40 /45 /'50 |p.54
Other, CCS)
Building heating technology mix (Coal, Oil, Gas, Biomass, District heat, Resistive, Heat Thousand GW 20/'25/'30 /'35/'40 /'45 /'50 |p.55
pump, Hydrogen)
Thermal ef‘ficiency_of building floorespace (Conventional, Net zero ready-retrofit, Net billion m2 20 /'25/'30 /'35 /'40 /'45 /'50 |p.56
zero ready-new build)
4-55 Sources : PRI “IPR FPS 2021 Detailed energy system results”, “IPR FPS 2021 Detailed land use system results”

[Parameters in PRI 1.5°C RPS]

Power and hydrogen, Policy, technology and behavioral

[

PRI IPR 1.5°C RPS 2021

expectations, Carbon Capture and Storage (CCS), Power and hydrogen (1/2)

#1 #2 pa

Phase out of existing unabated coal (IPR FPS 2021, IPR RPS 2021) % 20/'25/'30/'35/'40/'45/'50 |p.13
100% clean power (IPR FPS 2021, IPR RPS 2021) % 20/'25/'30/'35/'40/'45/'50 |p.14

Key Policy Fossil vehicle phase out (light duty) (IPR FPS 2021, IPR RPS 2021) % 20/'25/'30/'35/'40/'45/'50 |p.15

ASSUMPHIoONS ol vehicle phase out (heavy duty) (IPR FPS 2021, IPR RPS 2021) % '20/'25/'30/'35/'40/'45/'50 |p.16
100% clean industry (IPR FPS 2021, IPR RPS 2021) % 20/'25/'30/'35/'40/'45/'50 |p.17
New fossil heating system phase out (IPR FPS 2021, IPR RPS 2021) % 20/'25/'30/'35/'40/'45/'50 |p.18
Emissions prices in IPR 1.5°C RPS - early adopters (Early adopter CO2, Early adopter N20)|2021 USD /tCO2e 20/'25/'30/'35/'40/'45/'50 |p.34

Poli Emissions prices in IPR 1.5°C RPS - late adopters (Late adopter CO2, Late adopter N20) 2021 USD /tCO2e 20/'25/'30/'35/'40/'45/'50 |p.35

olicy,

technology 10/’15/20/'25/'30/'35/'40

and World GDP Trillion 2005 USD (PPP)|/'45/'50 / *55/ ‘60 /’65/ ‘70 p.37

behavioural /°75/80/'85/90 /95 /2100

expectations ’10/’15/20/'25/'30/'35/'40
World Population Billions /'45/'50/65/60/'65/ ‘70 p.37

/°75/80/'85/90 /95 /2100

Iaatﬁgrul_s:nzr)]ange in BAU (2017 base year)(Cropland, Pastures and Rangelands, Forest, Million Ha 195 /130 /'35 / '40 | '45 | '50 p.39

Carbon _COZ captureq by fuel ar_\d secto_r (Power-coal, Power-gas, Power—bliomas_s, indsutry-coal, GtCO2 20125 /'30 /'35 /40 / '45 /'50 |p.58

Capture and |industry-gas, industry-biomass, industry-process, Hydrogen-gas, Direct air capture)

(Sé(gg?e Carbon capture and storage, IPR RPS and comparable IPCC scenarios GtCO2 ’10/20/'30/'40/'50 p.59
Electricity generation mix, global (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, . . . . ' B B
Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) [Thousand TWh 20/'25/'301/'35/'40/°45/°50 |p.34
Electricity generation mix, IPR 1.5°C RPS and IEA NZE (Coal, Oil, Gas, Nuclear, Hydro, . .
Biomass, Solar PV, Wind, Hydrogen, Other) [Thousand TWh 20750 p-35

Power and  |Electricity generation mix, European Union (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, . . . B , , .

hydrogen Hydro, Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) [Thousand TWh 20/'25/'30/'35/'40/°451'50 |p-36
Electricity generation mix, United States (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, . . . , , , .
Hydro, Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) [Thousand TWh 20/'25/'30/'35/'40/'45/'50 |p.37
Electricity generation mix, China (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, . . . , , . .
Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) [Thousand TWh 20/'25/'30/'35/'40/°45/°50 |p.38

4-56 Sources : PRI “IPR FPS 2021 Detailed energy system results”, “IPR FPS 2021 Detailed land use system results”



[Parameters in PRI 1.5°C RPS]
Power and hydrogen (2/2) , Land use

PRI IPR 1.5°C RPS 2021

)

#1 #2 pa

Electricity generation mix, India (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, ‘ . . f i . f
Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) Thousand TWh 20/725/'30/'35/'40 /457750 |p.39
Electricity generation mix,Japan (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, . f . B . . i
Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) Thousand TWh 20/'25/'30/'35/'40/°45/'50 |p.39
Electricity generation mix, Canada (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, . . B . B . )

Power Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) Thousand TWh 20/'25/'30/'35/'40/°45/'50 |p.40
Electricity generation mix, Australia (Coal, Coal CCS, Oil, Gas, Gas CCS, Nuclear, Hydro, . . . , , , .

and Biomass, Biomass CCS, Solar PV, Onshore wind, Offshore wind, Hydrogen, Other) Thousand TWh 20/'25/'30/'35/'40/°45/'50 |p.40

hydrogen (-, generation by region Thousand TWh 20/'25/'30 /'35 /'40 / '45 /50 |p.41
Gas generation by region Thousand TWh 20/'25/'30/'35/'40/'45/'50 |p.42
Hydrogen demand by sector (Existing feedstock uses, Power, Transport, Industry, Buildings) |Million tonnnes per year '20/'25/'30/'35/'40/'45/'50 |p.43
Hydrogen production by route (Unabated, Blue, Green) '\E”J'"g;”r ;Og‘a"res PErYear |.o0/'25/'30/'35/'40/'45/'50 |p.44
End of deforestation, Change in forest cover 2020-2050 m ha ‘20/'25/'30/'50 p.15
Reduction in per capita meat consumption, 2020-2050 % 20/'25/'30/'35/'40/'50 p.16
mzzt)productlon in IPR FPS 2021 (Monogastric (pig), Poultry, Ruminant meat, Alternative Mt DM/ yr 20/'25 /30 /'35 /40 / '45 /50 |p.18
NBS supply by region (excl. avoidance) in IPR 1.5C RPS GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.21
NBS supply by region (incl. avoidance) in IPR RPS 2021 GtCO2e 20/'25/'30/'35/'40/'45/'50 |p.22
Cumulative cost of assets (market size) billion USD 2021 20125 /30 /'35 /40 /45 /'50 |p.24
Potential annual revenues

Land use Source of greenhouse gas emissions 2019 (Agriculture, Forestry and Land use) gn:iasr;izzir?gttego2e) 19 p.26
Land use 2017 (Cropland, Pastures and Rangelands, Forest, Othre Land) Mean e_slt|mated land 17 p.26

use (million Ha)
Production volume by type of livestock (Monogastric, Poultry, Ruminant meat, Dairy) Mt wet matter (Not available) p.27
Emissions by type of livestock (Monogastric, Poultry, Ruminant meat, Dairy) Mt CO2e (Not available) p.27
Primary energy demand (2018) (Coal(unabated), Oil, Natural gas (unabated), Nuclear, EJ 18 28
Bioenergy (conventional), Bioenergy CCS, Hydro, Wind, Solar PV) P
Land use change in IPR 1.5°C RPS (2017 base year)(Cropland, Pastures and Rangelands, Million Ha "5 /130 /'35 / '40 / '45 / '50 p.39
Forest, Other Land)
. ) 20/'25/'30/'35/'40/'45/ ‘50
Land use GHG emissions in IPR RPS 2021 (CO2, N20, CH4, Total) Gt CO2e 1755 /°60 /70 /80 /90 / 2100 40
4-57 Sources : PRI “IPR FPS 2021 Detailed energy system results”, “IPR FPS 2021 Detailed land use system results”

[Parameters in PRI 1.5°C RPS]
Fuel demand, Agriculture value drivers

PRI IPR 1.5°C RPS 2021

#1 #2 pa
Primary energy demand (Coal, Oil, Gas, Biomass, Renewables and nuclear) EJ per year 20/'25/'30/'35/'40/'45/'50 |p.23
Fossil fuel demand (Coal, Oil, Gas) EJ per year 20/'25/'30/'35/'40/'45/'50 |p.24
Coal demand by sector (Power, Industry, Builldings, Other) '\E”J'"'°” tonnes '20/'25/'30/'35/'40/'45 /'50 |p.25
Coal demand by sector, IPR 1.5°C RPS and IEA NZE (Power, Transport, Industry, Million tonnes . .
L 20/'50 p.26
Builldings, Other) EJ per year
0il demand by sector (Power, Transport, Industry, Builldings, Other) '\E”J'\”::r'/?:;’r '20/'25/'30 /'35 /40 /'45 /'50 |p.27
Fuel demand |, oo sector, IPR 1.5°C RPS and IEA NZE (Power, Transport, Industry, MMbbl/day o
. 20/'50 p.28
Builldings, Other) EJ per year
Gas demand by sector (Power, Transport, Industry, Buildings, Hydrogen, Other) E(\:Jrger year 20/'25/'30/'35/'40/'45/'50 |p.29
Gas demand by sector, IPR 1.5°C RPS and IEA NZE (Power, Transport, Industry, bcm . .
o 20/'50 p.30
Builldings, Other) EJ per year
Biomass demand by sector (Power, Transport, Industry, Buildings, Other) EJ per year 20/'25/'30/'35/'40/'45/'50 |p.31
qumzjlss demand by sector, IPR 1.5°C RPS and IEA NZE (Power, Transport, Industry, EJ per year 20 /'50 p.32
Builldings, Other)
(lezzr;e;g)y)land use in IPR 1.5°C RPS (Maize, Oil palm, Soybean, Sugar cane, Bioenergy Land cover (million ha)|20 /'25 /'30 /'35 / 40 / '45 / '50 |p.42
Second generation bioenergy production in IPR RPS 2021 EJ 20/'25/'30/'35/'40/'45/'50 |p.43
Maize production in IPR 1.5C RPS (IPR 1.5°C RPS, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Agriculture | o cane production in IPR 1.5C RPS (IPR 1.5°C RPS, BAU) Mt DM 201125 /'30 /'35 /40 / '45 /'50 |p.44
value drivers
Soybean production in IPR 1.5C RPS (IPR 1.5°C RPS, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Palm oil fruit production in IPR 1.5C RPS (IPR 1.5°C RPS, BAU) Mt DM 20/'25/'30/'35/'40/'45/'50 |p.44
Timber production in IPR 1.5°C RPS (Industrial Roundwood, Wood fuel) &‘iﬁ’l:g:;e'ers PETYear |20 /125 /'30 /'35 /'40 /'45/'50 |p.45

Sources : PRI “IPR RPS 2021 Detailed energy system results”, “IPR RPS 2021 Detailed land use system results”
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[SSP]

SSP was developed as a socio-economic scenario based on

recent policies and socio-economic environment

SSP Public Database Version2.0

The outline of SSP (Shared Socioeconomic Pathways)

B Based on the issues of the socio-economic scenario “SRES” related to the evaluation of existing climate
change, National Institute for Environmental Studies (Japan), PNNL (US), PBL (Netherland), IIASA (Austria)
and Germany (PIK) has developed SSP™

>

>

SPES has problems such as the old base year (1990) and the inability to reflect recent policies

SSP considers recent changes in the external environment such as recent policies, vital statistics, GDP,
and urbanization "2, and has relevance to existing socio-economic scenarios such as "SERS" and

"RCPs". Developed as a scenario. It consists of 5 scenarios

Scenario

5 Scenario Com

Scenario Outline "

Socio-economic

A scenario that assumes the realization of both international
SSP1 Sustainability mitigation measures and adaptation measures related to climate
change
SSP2 Middle of the Road A_scena_no that assumes that the current socio-economic growth
will continue
A scenario that assumes a situation where the country is divided
SSP3 Regional Rivalry and it is difficult to realize international mitigation measures and
adaptation measures
. A scenario that assumes an international economic society with
SSP4 Inequality S . "
widening disparities
Fossil-fueled A scenario that assumes that the international community will
SSP5 - )
Development develop depending on fossil fuels

osition of SSP

A
5 X ssps; K sSSP 3:
= | Mt chatienges Dominate) (High Challenges)
> Fossil-fueled Regional Rivalry
= Development A Rocky Road
Taking the Highway
E X ssP 2:
[} (Intermediate Challenges)
; Middle of the Road
>
= X SSP1: * ssp4:
2 (Low Challenges) (Adapt. Challenges Dominate)
[ Sustainability Inequality
5 Taking the Green Road ARoad Divided

v

Socio-economic challenges

for adaptation

*1: https://www.nies.go.jp/whatsnew/20170221/20170221.html, *2:_https://unfccc.int/sites/default/files/part1_iiasa_rogelj_ssp_poster.pdf

*3: https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
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[Parameters in SSP Public Database Version2.0 (1/10)]
IAM Scenarios Model : GDP, Population, Primary Energy, Secondary Energy (Electricity)

[

SSP Public Database Version2.0

Category Unit — Remark
Large Medium Small SSP1 | SSP2 | SSP3 | SSP4 | SSP5
billionUS
GDP PPP — | 0| o | o] o]o
Population |Population — million O O O O O
Energy Primary Energy Total EJ/yr @] O @] @] O
Energy Primary Energy \?/:(t)f:?)itsz(ggt)al / Traditional / with CCS/ EJ/yr O O A O O Some data (Traditional, CCS) is not available in SSP3
Energy Primary Energy Coal (Total / with CCS /without CCS) | EJ/yr O O A O O | some data (CCS) is not available in SSP3
Energy Primary Energy Oil (Total / with CCS / wihout CCS) EJlyr O A A O /\ | Some data (CCS) is not available in SSP2,3,5
Energy Primary Energy Gas (Total / with CCS/ without CCS) EJlyr O O A O O | some data (CCS) is not available in SSP3
Energy Primary Energy Fossil (Total , with CCS, wihout CCS) | EJ/yr O O A ] O | some data (CCS) is not available in SSP3
Energy Primary Energy Nuclear EJlyr O O O O O
Energy Primary Energy Non-Biomass Renewables EJ/yr O O O O O
Energy Primary Energy Hydro EJ/yr O O O O O
Energy Primary Energy Geothermal EJ/yr — O O O O | Datais not available in SSP1
Energy Primary Energy Other EJ/yr O O O — — | Datais notavailable in SSP4,5
Energy Primary Energy Solar EJlyr O O O O O
Energy Primary Energy Wind EJlyr O O O O O
Energy Primary Energy Secondary Energy Trade EJlyr — — O — — | Datais notavailable in SSP1,2,4,5
Energy Secondary Energy (Electricity) [Total EJlyr O O O O @]
Energy Secondary Energy (Electricity) CB:iCogw)ass(Total /with CCS/ without EJ/yr @] O A @] O | Some data (CCS) is not available in SSP3
Energy Secondary Energy (Electricity) |Coal (Total / with CCS /without CCS) | EJ/yr O O A O O | some data (CCS) is not available in SSP3
Energy Secondary Energy (Electricity) |Oil EJlyr O O O O O
Energy Secondary Energy (Electricity) |Gas (Total / with CCS/ without CCS) EJ/yr O O A O O | some data (CCS) is not available in SSP3
Energy Secondary Energy (Electricity) |Geothermal EJlyr — O O O O | Datais notavailable in SSP1
Energy Secondary Energy (Electricity) [Hydro EJlyr O O O O O
Energy Secondary Energy (Electricity) [Non-Biomass Renewables EJlyr O O O O O
Energy Secondary Energy (Electricity) [Nuclear EJlyr O O O O O
Energy Secondary Energy (Electricity) (Solar EJlyr O O O O O
Energy Secondary Energy (Electricity) \Wind EJlyr O O O O O
* Extract parameters for which Global values can be obtained
Source : SSP Public Database Version2.0 (As of February 2022) * GDP and population are data for each 5 years from 2010 to 2100, and
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other parameters are data for 2005 and 2010 to 2100 for each 5 years.




[Parameters in SSP Public Database Version2.0 (2/10)]

IAM Scenarios Model

: Secondary Energy, Final Energy

SSP Public Database Version2.0

Category ) SSP
" Unit Remark
Large Medium Small SSP1 | SSP2 | SSP3 | SSP4 | SSP5

Energy Secondary Energy (Gases) Total EJ/yr O O O @) @)
Energy Secondary Energy (Gases) Biomass EJ/yr — O — O O | Datais notavailable in SSP1,3
Energy Secondary Energy (Gases) Coal EJ/yr — @] — O O Data is not available in SSP1,3
Energy Secondary Energy (Gases) Natural Gas EJ/yr (@) (@] O O O
Energy Secondary Energy (Heat) Total EJ/yr — O O — O | Datais notavailable in SSP1,4
Energy Secondary Energy (Heat) Geothermal EJ/yr — O O — O | patais notavailable in SSP1,4
Energy Secondary Energy (Hydrogen)  [Total EJ/yr O O — O O | Datais notavailable in SSP3
Energy Secondary Energy (Hydrogen)  |Biomass(Total / with CCS/ without CCS)| EJ/yr O O — O O | Dataisnotavailable in SSP3
Energy Secondary Energy (Hydrogen)  |Electricity EJ/yr O O — O (O | Datais notavailable in SSP3
Energy Secondary Energy (Liquids) Total El/yr O O O @] O
Energy  |Secondary Energy (Liquids) Biomass(Total / with CCS/ without CCS)| EJ/yr A O A @) O | Some data (CCS) is not avaiable in SSP1. (COU-
Energy Secondary Energy (Liquids) Coal (Total / with CCS /without CCS) EJ/yr — O — — O | Datais notavailable in SSP1,3,4
Energy Secondary Energy (Liquids) Gas (Total / with CCS/ without CCS) EJ/yr — O — — — | Datais not available in SSP1,3,4,5
Energy Secondary Energy (Liquids) Oil El/yr O O O O @)
Energy Secondary Energy (Solids) — EJ/yr O O — — O | patais notavailable in SSP3,4
Energy Final Energy Total El/yr O @) @) O @)
Energy Final Energy Electricity EJ/yr O O O @) O
Energy Final Energy Gases El/yr O O O O O
Energy Final Energy Heat EJ/yr O (@] @) O O
Energy Final Energy Hydrogen EJ/yr O @] — O @) Data is not available in SSP3
Energy Final Energy Liquids El/yr O O @) O O
Energy Final Energy Solar EJ/yr O (@] — — — | Datais notavailable in SSP3,4,5
Energy Final Energy (Solids) Total EJ/yr O O @) O @)
Energy Final Energy (Solids) Biomass (Total, Traditional) EJ/yr O O A O O | Some data (Traditional) isnot available in SSP3
Energy Final Energy (Solids) Coal El/yr O (@) O O @)
Energy Final Energy Industry EJ/yr O O O @] — | Datais notavailable in SSP5
Energy Final Energy Residential and Commercial EJ/yr O O O O — | Datais not available in SSP5
Energy Final Energy Transportation EJ/yr O O O O O

Source : SSP Public Database Version2.0 (As of February 2022)

4-61

[Parameters in SSP Public Database Version2.0 (3/10)]

IAM Scenarios Model :

* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.

[

SSP Public Database Version2.0

Energy Service (Transportation), Land Cover, Emissions (unharmonized)

Category ) SSP
= Unit Remark
Large Medium Small SSP1 | SSP2 | SSP3 | SSP4 | SSP5
Energy Energy Service (Transportation) |Freight bn tkm/yr O — — O O | Datais not available in SSP2,3
Energy Energy Service (Transportation) [Passenger bn pkm/yr O — — O O | Datais not available in SSP2,3
Land Cover Built-up Area — million ha O — O O O |Data is not available in SSP2
Land Cover Cropland — million ha O O O O @]
Land Cover Forest — million ha O O O O O
Land Cover Pasture — million ha O O O O O
Emissions (unharmonized) BC — Mt BClyr O O O O O
Emissions (unharmonized) |CH4 Total Mt CH4/yr O O O @] @]
Emissions (unharmonized) |CH4 E%Sjs"t;”e's and Mt CHAlyr — | — | — | o | o |pataisnotavailablein SSP1,2,3
Emissions (unharmonized) |CH4 Land Use Mt CH4/yr O O O O O
Emissions (unharmonized) |CO — Mt CO/yr O O O O O
Emissions (unharmonized) (CO2 Total Mt CO2/yr O O O O O
Emissions (unharmonized) [CO2 (Carbon Capture and Total o) o | — o O |Data s not available in SSP3
Storage) Mt CO2/yr
Emissions (unharmonized) gtoofa(;:)irbon Capture and Biomass Mt CO2yr o | o | = | o | o |pataisnotavailable in SSP3
Emissions (unharmonized) (CO2 E](zjsilt;uels and Mt CO2/yr (@] @) O O O
Emissions (unharmonized) (CO2 Land Use Mt CO2/yr O O O O O
Emissions (unharmonized) |F-Gases — chu?v?yzr_ @] @] @] O O
Emissions (unharmonized) |Kyoto Gases — chu?v?yzr_ (@] O O @] O
Emissions (unharmonized) [N20 Total kt N2O / yr O O O O O
Emissions (unharmonized) [N20 Land Use kt N2O / yr O O ] O O
Emissions (unharmonized) [NH3 — Mt NH3/yr O O O O O
Emissions (unharmonized) [NOx — Mt NO2/yr O O O O O
Emissions (unharmonized) |OC — Mt OClyr O O O O O
Emissions (unharmonized) |Sulfur — Mt SO2/yr O O O O O
Emissions (unharmonized) VOC — Mt VOClyr O O O O @]

Source : SSP Public Database Version2.0 (As of February 2022)
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* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.




[ SSP Public Database Version2.0

[Parameters in SSP Public Database Version2.0 (4/10)]
IAM Scenarios Model : Emissions (harmonized), Climate

Category ) SSP
Unit Remark
Large Medium Small SSP1 | SSP2 | SSP3 | SSP4 | SSP5
Emissions (harmonized) |BC — Mt BClyr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |CH4 Total Mt CH4/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) [CH4 Fossil Fuels and Industry Mt CH4/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) [CH4 Land Use Mt CH4/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |CO — Mt CO/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |CO2 Total Mt CO2/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |(CO2 Fossil Fuels and Industry Mt CO2/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |CO2 Land Use Mt CO2/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |F-Gases — 2’25\%’% — — @) — O |Datais not available in SSP1,2,4
Emissions (harmonized) [Kyoto Gases — Zlqtlﬁ:v?)i_ — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) |N20 — kt N20O/yr — — [©) — O |Datais not available in SSP1,2,4
Emissions (harmonized) |NH3 — Mt NH3/yr — — [©) — O |Datais not available in SSP1,2,4
Emissions (harmonized) [NOx — Mt NO2/yr — — [©) — O |Datais not available in SSP1,2,4
Emissions (harmonized) |OC — Mt OC/yr — — @) - O |Datais not available in SSP1,2,4
Emissions (harmonized) (Sulfur — Mt SO2/yr — — O — O |Data is not available in SSP1,2,4
Emissions (harmonized) [VOC — Mt VOCl/yr — — O — O |Data is not available in SSP1,2,4
Climate Concentration CO2 ppm O O O O @]
Climate Concentration CH4 ppb O O O O O
Climate Concentration N20 ppb O O O O O
Climate Forcing Total W/m2 O ] O O ®)
Climate Forcing CO2 W/m2 O O O O O
Climate Forcing CH4 W/m2 O ] O O O
Climate Forcing N20 W/m2 O ] O O ®)
Climate Forcing Kyoto Gases W/m2 O O O O O
Climate Forcing F-Gases W/m2 O O O O O
Climate Forcing Aerosol W/m2 O O O O ®)
Climate Temperature Global Mean °c O O O O O

* Extract parameters for which Global values can be obtained

Source : SSP Public Database Version2.0 (As of February 2022) * GDP and population are data for each 5 years from 2010 to 2100, and
4-63 other parameters are data for 2005 and 2010 to 2100 for each 5 years.

[ SSP Public Database Version2.0

[Parameters in SSP Public Database Version2.0 (5/10)]
IAM Scenarios Model : Agricultural Indicators, Economic Indicators, Technological Indicators

Category Unit — Remark
Large Medium Small SSP1 | SSP2 | SSP3 | SSP4 | SSP5
Agricultural Indicators Demand Crops million t DM/yr O O O — — | Data is not available in SSP4,5
Agricultural Indicators Demand Crops (Energy) million t DM/yr — — @] — O |Data is not available in SSP1,2,4
Agricultural Indicators Demand Livestock million t DM/yr O O O — O |Datais not available in SSP4
Agricultural Indicators Production Crops (Energy) million t DM/yr O O O O O
Agricultural Indicators Production Crops (Non-Energy) million t DM/yr @] O O O @]
Agricultural Indicators Production Livestock million t DM/yr O O O O O
Economic Indicators Consumption — billion US$2005/yr | O O O — O |Data is not available in SSP4
Economic Indicators Price (Carbon) — US$2005/t CO2 O @] — @] O |Data is not available in SSP3
Technological Indicators  |Capacity (Electricity) [Total GW @] @] @] O O
Technological Indicators  (Capacity (Electricity) |Biomass GW O O O O O
Technological Indicators  |Capacity (Electricity) |Coal GW O @] @] O @]
Technological Indicators  |Capacity (Electricity) |Gas GW @] @] @] O O
Technological Indicators  |Capacity (Electricity) |Geothermal GW — O O O O |Datais not available in SSP1
Technological Indicators  |Capacity (Electricity) [Hydro GW O O O — O |Data is not available in SSP4
Technological Indicators  |Capacity (Electricity) |[Nuclear GW @] @] @] O @]
Technological Indicators  |Capacity (Electricity) |Oil GW O O O O — | Data is not available in SSP5
Technological Indicators  |Capacity (Electricity) |Other GW @] — — — — |Data is not available in SSP2,3,4,5
Technological Indicators  (Capacity (Electricity) |Solar (Total, CSP, PV)  |GW olo| a| alo E:Qasizggt ?g',fbl'fv';‘ SSP3 (CSP)
Technological Indicators  |Capacity (Electricity) \éVri]r;(:]g'eo)tal, Offshore, GW O O A A A D(aéi;shgset)a\faalfg IgS"I]’A?,SSP:(,’Onshore,
Offshore)
* Extract parameters for which Global values can be obtained
Source : SSP Public Database Version2.0 (As of February 2022) * GDP and population are data for each 5 years from 2010 to 2100, and

4-64 other parameters are data for 2005 and 2010 to 2100 for each 5 years.



[Parameters in SSP Public Database Version2.0 (6/10)]

CMIP6 Emissions Model : BC, C2F6, CF4, CH4

SSP Public Database Version2.0

Category ) SSP
Unit Remark
Large Medium SSP1 | SSP2 | SSP3 | SSP4 | SSP5
BC Agricultural Waste Burning Mt BClyr @) @) @) @) @)
BC Aircraft Mt BClyr @) @) @) @) @)
BC Energy Sector Mt BClyr @) @) @) @) @)
BC Forest Burning Mt BC/yr O O O o o
BC Grassland Burning Mt BClyr o o o o o
BC Industrial Sector Mt BClyr @) o o @) o
BC International Shipping Mt BClyr @) @) @) @) @)
BC Peat Burning Mt BClyr @) @) @) @) @)
BC Residential Commercial Other Mt BClyr @) @) @) @) @)
BC Transportation Sector Mt BClyr O O O O O
BC Total Mt BC/yr @) 0 O @) @)
BC Waste Mt BClyr @) o o @) o
C2F6 |— kt C2F6/yr O O o o O
CF4 — kt CF4/yr O O O O O
CH4 Agricultural Waste Burning Mt CH4/yr O O O o o
CH4 Agriculture Mt CH4/yr o o o o o
CH4 Energy Sector Mt CH4/yr o o o o o
CH4 Forest Burning Mt CH4/yr o o o o o
CH4 Grassland Burning Mt CH4/yr O ©) ®) o o
CH4 Industrial Sector Mt CH4/yr @) O @) O O
CH4 International Shipping Mt CH4/yr @) @) O [©) @)
CH4 Peat Burning Mt CH4/yr o o o o o
CH4 Residential Commercial Other Mt CH4/yr @) o o @) o
CH4 Transportation Sector Mt CH4/yr @) @) @) @) @)
CH4 Total Mt CH4/yr O O O O O
CH4 Waste Mt CH4/yr @) @) @) @) @)

Source : SSP Public Database Version2.0 (As of February 2022)
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[Parameters in SSP Public Database Version2.0 (7/10)]

CMIP6 Emissions Model : CO2, CO, HFC, N20

* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.

SSP Public Database Version2.0

Category . SSP
Large Medium st SSP1 | SSP2 | SSP3 | SSP4 | SSP5 Remaric
CO2 |AFOLU Mt CO2/yr O O O O O
CO2 |Aircraft Mt CO2/yr @) O (@] @) (@]
CO2 |Energy Sector Mt CO2/yr O O O ©] ©]
CO2 |Industrial Sector Mt CO2/yr (@] (@] (@] (@] (@]
CO2 |International Shipping Mt CO2/yr O O O O O
CO2 |Residential Commercial Other Mt CO2/yr (©] O O O O
CO2 |[Solvents Production and Application Mt CO2/yr ©] O O ©) ©)
CO2 |Transportation Sector Mt CO2/yr ®] O O O O
CO2 [Total Mt CO2/yr O O @) @) @)
CO2 |Waste Mt CO2/yr (@] (@] (@] (@] (@]
CO Agricultural Waste Burning Mt CO/yr O (@] (@] (@] (@]
CO Aircraft Mt CO/yr @) O O @) (©]
CO Energy Sector Mt CO/yr (@] (@] (@] (@] (@]
CcO Forest Burning Mt COlyr O O O O O
CcO Grassland Burning Mt CO/yr O O (@) (©] (©]
CO Industrial Sector Mt CO/yr @) O O @) ©]
CO International Shipping Mt CO/yr (@] (@] (@] (@] (@]
CO Peat Burning Mt CO/yr o O (@] (@] (@]
CO Residential Commercial Other Mt CO/yr (©] @) @) @) O
CO Transportation Sector Mt CO/yr O O O O O
CO Total Mt CO/yr (@] (@] (@] (@] (@]
CO Waste Mt CO/yr @) O O @) (©]
HFC |— Mt CO2-equiv/yr @] O @] O O
N20 |— kt N20/yr (@) (@) @) @) @)

Source : SSP Public Database Version2.0 (As of February 2022)
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* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.




[Parameters in SSP Public Database Version2.0 (8/10)]

CMIP6 Emissions Model : NH3, Nox

SSP Public Database Version2.0

Category ) SSP
n Unit Remark
Large Medium SSP1 | SSP2 | SSP3 | SSP4 | SSP5
NH3 Agricultural Waste Burning Mt NH3/yr ©) ©) @) @) @)
NH3 Agriculture Mt NH3/yr @) O O O O
NH3 Aircraft Mt NH3/yr [®) @) @) @) @)
NH3 Energy Sector Mt NH3/yr O O O ©] ©]
NH3 Forest Burning Mt NH3/yr O O O ©) [©)
NH3 Grassland Burning Mt NH3/yr O O @) @) O
NH3 Industrial Sector Mt NH3/yr O O O @) o
NH3 International Shipping Mt NH3/yr O O O O O
NH3 Peat Burning Mt NH3/yr @) O O O O
NH3 Residential Commercial Other Mt NH3/yr o o o O O
NH3 Transportation Sector Mt NH3/yr @) O O ®) ©)
NH3 Total Mt NH3/yr @) @) O O O
NH3 Waste Mt NH3/yr O O O o o
Nox Agricultural Waste Burning Mt NOx/yr ©) ©) @) @) @)
Nox Agriculture Mt NOx/yr O ®} O ®} O
Nox Aircraft Mt NOx/yr @) O O O O
Nox Energy Sector Mt NOx/yr O O O o o
Nox Forest Burning Mt NOx/yr @) O O [©) [©)
Nox Grassland Burning Mt NOx/yr O O O O O
Nox Industrial Sector Mt NOx/yr O O O o ©]
Nox International Shipping Mt NOx/yr @) @) @) ©) ©)
Nox Peat Burning Mt NOx/yr O O O O O
Nox Residential Commercial Other Mt NOx/yr O O O o o
Nox Solvents Production and Application Mt NOx/yr ©) ©) @) @) ©)
Nox Transportation Sector Mt NOx/yr O ®} O O O
Nox Total Mt NOx/yr O O O O O
Nox Waste Mt NOx/yr O O O @) o

Source : SSP Public Database Version2.0 (As of February 2022)
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[Parameters in SSP Public Database Version2.0 (9/10)]
CMIP6 Emissions Model : OC, SF6, Sulfur

* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.

SSP Public Database Version2.0

Category ) SSP
Unit Remark
Large Medium SSP1 | SSP2 | SSP3 | SSP4 | SSP5
OoC Agricultural Waste Burning Mt OClyr O O (@) (©] O
OC Aircraft Mt OClyr O O O O O
OoC Energy Sector Mt OC/yr O O (@) o O
oC Forest Burning Mt OClyr O O O O O
OoC Grassland Burning Mt OClyr O O (@) (©] (©]
oC Industrial Sector Mt OClyr (@) O O O (@)
OoC International Shipping Mt OClyr O O O O (@]
oC Peat Burning Mt OClyr O O (@] (@] O
OoC Residential Commercial Other Mt OC/yr O O O O O
oC Transportation Sector Mt OClyr O O O O O
OoC Total Mt OClyr @) (@) (@) (@) (@)
OoC Waste Mt OClyr O O O O O
SF6 — kt SF6/yr @) @) @) @) @)
Sulfur  |Agricultural Waste Burning Mt SO2/yr ©] ©] ©] ©] O
Sulfur  |Aircraft Mt SO2/yr O O (@] (@] (@]
Sulfur  |Energy Sector Mt SO2/yr O O O O O
Sulfur  |Forest Burning Mt SO2/yr O O (@] (@] (@]
Sulfur  |Grassland Burning Mt SO2/yr O O O ©] ©]
Sulfur  |Industrial Sector Mt SO2/yr O O (@] (@] (@]
Sulfur  |International Shipping Mt SO2/yr @) O @) ©) O
Sulfur  |Peat Burning Mt SO2/yr (@) O (@] (@] (@]
Sulfur  |Residential Commercial Other Mt SO2/yr ©] ©] ©] ©) O
Sulfur  |Transportation Sector Mt SO2/yr O O O O O
Sulfur  |Total Mt SO2/yr O O O ©) ©]
Sulfur  |Waste Mt SO2/yr (@] (@] (@] (@] (@]

Source : SSP Public Database Version2.0 (As of February 2022)
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* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.




[Parameters in SSP Public Database Version2.0 (10/10)]
CMIP6 Emissions Model : VOC

[ SSP Public Database Version2.0

Category Unit SSE Remark
Large Medium SSP1 | SSP2 | SSP3 | SSP4 | SSP5
VOC Agricultural Waste Burning Mt VOC/yr @) @) @) @) @)
VOC Aircraft Mt VOC/yr @) O O O [©)
VOC Energy Sector Mt VOC/yr O O O o o
VOC Forest Burning Mt VOC/yr O @) @) @) @)
VOC Grassland Burning Mt VOClyr @) @) @) @) @)
VOC Industrial Sector Mt VOC/yr O O O @) @)
VOC International Shipping Mt VOClyr O O O @) O
VOC Peat Burning Mt VOC/yr @) @) @) [©) [©)
VOC Residential Commercial Other Mt VOC/yr ®) O O @) @)
VOC Solvents Production and Application Mt voCryr O O @) O O
VOC Transportation Sector Mt VOClyr O O O @) @)
VOC Total Mt VOC/yr @) @) @) @) @)
VOC Waste Mt VOC/yr O @) O O O

Source : SSP Public Database Version2.0 (As of February 2022)
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Appendix.

* Extract parameters for which Global values can be obtained
* GDP and population are data for each 5 years from 2010 to 2100, and
other parameters are data for 2005 and 2010 to 2100 for each 5 years.

Appendix2. Physical risk assessment tools

iAppendix. @

'Provide useful materials for scenario analysis based on supporting case studies
1
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[Physical risk assessment tool referred in TCFD]
Physical risk assessment tools referred in TCFD report (As of the 2020 release)

Issuing agency Literature / Tool name URL Summary
Bloomberg Scenario Uses a map to display assets with high exposure to
1 |Bloomberg Analysis Tool (Physical specific physical risks such as cyclones, floods, extreme
Risk Assessment) heat, water stress, storm surge and wildfires
Web-based open-source tool that enables development
. OASIS Loss Modelling of catastrophe models such as fires and floods. Users
2 |Oasis HUB ) "
Framework input hazard, exposure, and vulnerability data and the
tool calculates risk and financial cost of events
Free tool for users to self-investigate climate risks at the
asset level for physical risks such as forest fires, riverine
3 |XDI Easy XDI flooding, overland flooding due to heavy rainfall, coastal
inundation, heat extremes, subsidence (soil movement
due to drought), extreme wind, and freeze-thaw
Web-based open-source platform that projects the future
Climate . impacts of climate change under various scenarios for
4 The Climate Impact Map . . .
Impact Lab physical risks such as sea level rise, temperature,
precipitation, and humidity
World Bank Web-based free tool that assesses the level of physical
i climate hazards such as river floods, urban floods,
Global Facility .
X . coastal floods, cyclones, water scarcity, extreme heat,
5 |for Disaster ThinkHazard! g e . .
. and wildfire for a user-specified location and provides
Reduction And . . . .
R guidance on how to reduce risks associated with
ecovery .
development projects

4-71 Sources : TCFD "Guidance on Scenario Analysis for Non-Financial Companies” p.88-106

[Physical risk assessment tool referred in TCFD]
Physical risk assessment tools referred in TCFD report (As of the 2017 release)

|9A3] 1eqo|b e e sjoo]

Issuing agency / Tool name

1 |WRI Aqueduct Atlas Global

Subject area

Summary
Risk mapping tool that helps companies, investors, governments,
and other users understand where and how water risks and
opportunities are emerging worldwide

2 WBCSD Water Tool Global

A multifunctional resource for identifying corporate water risks
and opportunities, including a workbook, a mapping functionality,
and Google earth compatibility

Organizations can compare sites based on water availability,
sanitation, population, and biodiversity

3 |Global Agro- Ecological Zones Global

Based on he Global Agro-Ecological Zones (GAEZ) methodology
for assessing agricultural resources and potential

Users can understand forecast changes in yields, production, and
other outputs due to climate change.

4 |UK Climate Impact Programme UK

Gathered historical climate records and future climate projections
Climate projections cover low-, medium- and high- emissions
scenarios and can be viewed through an online user interface and
associated briefing report

Information

US Interagency Archive of
5 |Downscaled Climate Data and us

Provides an archive of simulated historical and future climatology
and hydrology

Maintained at Lawrence Livermore National Lab by a consortium
of federal and non-federal partners.. Information available from
this archive is free and open to all

Management and Impacts of
Climate Change

France

Meteo-France is the primary provider of climate projections out to
2100, covering temperature, precipitation, and wind speeds,
aligned with the IPCC’s RCPs

Projections are provided for the medium term (2021-2050) and
long term (2071-2100)

|13A9] |eqo|b e je sjoo) >

A

|9A3] [eUOIjRU [ [B20] B JB S|00L

-

X Similar resources are available in other countries including, but not limited to, Australia, Canada, Germany, Japan, the Netherlands, and South Africa

4-72 Source : TCFD “The Use of Scenario Analysis in Disclosure of Climate-Related Risks and Opportunities” p.28-29 (2017)



[Physical risk tools used in this project]
Physical risk tools used in this project (excerpt)

Explanation

# Issuing agency Tool name URL Subject area Related Page

World Resources i :/lwww.wri.org/agueduc _
1 Institute (WRI) Aqueduct Water Risk Atlas | niios: o/aqueduct Global  |4-74

Climate Change Knowledge

2 World Bank Portal rttps://climateknowledgeportal.worldbank.org Global 4-76
3 |AP-PLAT Climate Impact Viewer hitps:/2-patnies go plap-lalasia_ pacifcindex o Asia 4-77
4 |A-PLAT Web GIS hitpsiacaptato: Japan 4-78~4-85

European Climate Adaptation

5 European Commission Platform (CIimate.ADAPT) https://climate-adapt.eea.europa.eu/ EU ->:<Eur0$3elan Adaptation
atform
6 [IPCC TGICA IPCC Data Distribution Centre | =/ e etz o Global KDatabase of the

Intergovernmental Panel on
Climate Change (IPCC)

The future of food and
7 |FAO agriculture Alternative Global —
pathways to 2050
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[ WRI AQUEDUCT Water Risk Atlas

—

[Physical risk tools used in this project (excerpt): Parameter]

AQUEDUCT Water Risk Atlas (WRI)

AQUEDUCT Water Risk Atlas

Issuin e :
g World Resource Institution Indicators
agency
. Pessimistic / Business as usual / Indicators (Baseline)
Scenario C ..
Optimistic + Water stress
» Water Depletion
Timeframe Baseline / 2030~2040 I + Interannual Variability
Physical risks

» Seasonal Variability

(quantity) * Groundwater Table Decline
. * Riverine flood risk/Coastal flood risk
P : » Drought Risk
£ - Physical risks * Untreated Connected Wastewater
(quality) » Coastal Eutrophication Potential
Regulatory and * Unimproved / No Drinking Water

* Unimproved / No Sanitation
» Peak RepRisk Country ESG Risk Index

- Indicators (2030-2040)

* Water Stress

« Seasonal Variability
» Water Supply

» Water Demand

reputational risk

Source : AQUEDUCT Water Risk Atlas
https://www.wri.org/applications/aqueduct/water-risk-atlas/#/?advanced=false&basemap=hydro&indicator=w_awr_def tot cat&lat=30&Ing=-
80&mapMode=view&month=1&opacity=0.5&ponderation=DEF &predefined=false&projection=absolute&scenario=optimistic&scope=baseline&timeScale=annual
&year=baseline&zoom=3 (As of February 2022)
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National Institute for Environmental Studies

[(Reference) Physical risk tools (excerpt): Parameter] HO8 Water Risk Tool

HO08 Water Risk Tool (National Institute for Environmental Studies)

HO08 Water Risk Tool
Issuing National Institute for Environmental Studies Indicators
agency
Indicators (Map)
Scenario RCP4.5/ RCP7.0 / RCP8.5 . GFDL-ESM4
+ MPI-ESM1-2-HR
A ~ * IPSL-CM6A-LR
Timeframe 1901~2090 (Selectable per year) Glimate model - MRLESM2-0
i R + UKESM1-0-LL
& HOAD A7 G (R + Ensemble (Average of the above five
E ' models)
- ot (Y ' - :r' ‘ ‘ ‘ « Water stress
R i \ + Water depletion
LN it o — N — - - Interannual variability
LR 5 ]
i_jﬂwgt'-l'.@’ 4 + Waterrisk index « Seasonal variability
§ g e ‘ - « Groundwater table decline
‘1  w Ea . + Cumulative abstraction to demand
o '.#-'* s:w'" __&t;‘_m'ﬁg} » Annual river discharge
-y T Basic variables + Total water withdrawal from all sources
") -’r-&“‘ + Total water withdrawal from renewable
g : : ) Sources
Results from the H08 water risk tool can also be compared Indicators (Time series)
with results_from o_ther tools, such a_s.Aquefiuct, to _ + Specify the location on the map
enhance analysis and improve the reliability of information - Specify the location from the name of place
on the tightness of water resources.  Specify the location from the latitude and longitude
Source : H08 Water Risk Tool (As of February 2022)
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. . . . . World Bank Climate Change Knowledge Portal
[Physical risk tools used in this project (excerpt): Parameter] g g

Climate Change Knowledge Portal (World Bank)

Climate Change Knowledge Portal
Issuing World Bank Indicators
agency
e —— e TeeiEe)
SSP2-4.5/ SSP3-7.0 / SSP5-8.5 Essential  |° Mean-Temperature (Monthly, Annually)
. 2020-2039 / 2040-2059 / Climate . ng-Temperature (Monthly, Annually)
Timeframe 2060-2079/ 2080-2099 Variables | Min-Temperature (Monthly, Annually)

* Precipitation (Monthly, Annually)

@ worosumenou | S = .
T renon cucunon + Days with Heat Index >35°C

— + Maximum of Daily Max-Temperature

» Number of Frost Days (T-min< 0°C)

» Number of Hot Days (T-max>25°C)

» Number of Tropical Nights (T-min>20°C)

» Number of Summer Days (T-max> 35°C)

Temperature

A y — » Average largest 1-Day Precipitation
s s Sl D T « Average largest 5-Day cumulative rainfall
+ Days with Precipitation >20mm

* Max Number of Consecutive Dry Days

» Max Number of Consecutive Wet Days

+ Precipitation Percent Change

Precipitation

w g

Source: World Bank, Climate Change Knowledge Portal
(As of February 2021)
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[Physical risk tools used in this project (excerpt): Parameter] T ST D 27

Climate Impact Viewer (AP-PLAT)

Climate Impact Viewer (MOEJ S-14 project)
Issuin ’ i ‘
g AP-PLAT Indicators
298G o ___ndex _____Jtem ___indox__|
« Daily mean 2-m air temperature « Maize
Scenario RCP2.6/4.5/6.0/ 8.5 + Daily maximum 2-m air temperature « Crop « Rice
. Da!ly minimum_2l-m'f1ir temperature Yield « Soybean
2011-2020 / 2021-2030 / 2031-2040 / 2041-2050 / * Daily total precipitation - Wheat
Timeframe || 2051-2060 / 2061-2070 / 2071-2080 / 2081-2090 / * Daily mean downward shortwave
2091-2100 radiation flux * Hydropo |
« Daily mean downward longwave wer
2 AP-PLAT CLIMATE IMPACT VIEWER & ASEs radiation flux « Inundated
= * Daily mean 2-m relative humidity area
T— * Daily mean 2-m specific humidity
: * Daily mean 10-m wind speed : S_ea level |- Affecte(_i
M Y P lation
= « Daily mean surface pressure Imp | "S€ . EOPU -
- Cli |+ Daily mean 2-m absolute humidity act dconom|c
amage

ma |+ Number of days that reached 35°C
te or greater
» Number of days that reached 30°C « Heat

or greater mortality
* Number of dry days
* Number of days that reached

50mm/day precipitation or greater * Labor _
) - « Number of days that reached capacity
100mm/day precipitation or greater D
* Degree
* Number of days that reached days
The AP-PLAT Platform page introduces climate information for 150mm/day precipitation or greater
each region and country, which can be referred to. * Number of days that reached
200mm/day precipitation or greater
» Annual maximum daily precipitation

Source : AP-PLAT, Climate Impact Viewer (As of February 2022)
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Appendix3. Examples of scenario analysis

iAppendix. @
'Provide useful materials for scenario analysis based on supporting case studies
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Extract examples of the disclosure of scenario analysis that can be used as “reference” for
further implementation

i i (__Page number |
Analysis step Stage Examples of disclosure S
1 .
For beginning
scenario What is the analysis v'Domestic case (4) : Nichirei Corporation ( p4-86 |
analysis implementation system
(2] Assess
WELCEITAGE | How the risks and ,ggm:zt:g g:z: 8 : ;fﬁﬁ?:fﬂ%sl‘_l;ﬁlGS INC v'Overseas case I : RENAULT (France) (p4-90 )
W EICECIETEG Y | opportunities are + Domestic case (4) Nichirei Corporation ) v'Overseas case IV : HPE (US)
risks described
[E'
v'Domestic case (1) : JFE Holdings, Inc.
How the future world v'Domestic case §3; : Mitsubishi gorporation vOverseas case I : RENAULT (France)
Identify and views are described
define range of -
scenarios (Supplement | v'Overseas case [ : Volvo Group (Sweden)
Method of lysi v'Domestic case (3) : Mitsubishi Corporation (‘p4-84 ) v Overseas case II : RENAULT (France)
etho °° analysis v'Domestic case (4) : Nichirei Corporation v'Overseas case II : BHP (Australia)
using 1.5°C scenario vOverseas case IV : HPE (US)
(4] Evaluate
business How the business v'Domestic case (4) : Nichirei Corporation v'Overseas case IV : HPE (US)
impacts impacts are described
[E' =t vD (1) : JFE Hold |
f . omestic case : oldings, Inc. p4-82
identify potential | vDomestic case (2) : FUJI OIL HOLDINGS INC. vOverseas case II : BHP (Australia)
Lo DUEL SR | countermeasures are || pometic case (3) : Mitsubishi Corporation
described
II' [ Supplement |
IE' Common How transition paths v'Overseas case [ : Volvo Group (Sweden) (_p4-89
E are shown
4-79
[Case @:JFE Holdings, Inc. (Materials) (1/3)]
2] a

JFE breaks down risks/opportunities based on the 7 key factors identified
in the “selection process for critical risks/opportunities and factors that
impact the business”

v Gets an overhead view from the value chain perspective v Discloses “Societal changes / responses to change”,
of the factors that impact the target business and “Stakeholder expectations and concerns for the JFE
organizes them Group” and “Evaluation results”

Stake-|
holders towards the JFE Group

Overview of the Value Chain Evaluation results

Implementationof - Significant contribution through  OPPOftunities
: — ) oeeonwss
Frecsromsi® A ey Sales an Usage © CollecingStee Scrap © PR o ordocar-  decarbonizaton e
~ e Decarbonization :::e'f:"""m‘,";’"s technologies
Raw Material A C5 0 St progterich processes implementationof + Increaseinoperationcostsdue  Risks
- processes hitonoticing tothe ntroduction of carbon ‘
[ 100 Ore ] Coai ] and Reuse of Resources = pricing
Rising expectations.
D e e o
e mporentiocor [T «Fepacomentof conerr sl s
increaseindemand [ AMARAIEN + Increase in JFE Group's produc-
for the effective use of [Rlleses Increasein scrap tion of electric furnace steel
steel scraps generation
The 7 key factors identified
(1) Decarbonization of steel processes mportantfactor s [NSESS o
21 f fecti £i CCSTCCN P cimatedisasters | locUrementoftaW. o oment ot raw materials i
materials becomes ide risil bex stabl
(2) Increased needs for effective use of iron scrap o sorgadershg  Urtable =
(3) Change in demand for steel products for St
automobiles, etc. P P——
. . e . typhoons and rainstorms
(4) Growing demand for solutions facilitating LI ntensitying climate disssters alongside ising - ncreasedicaimages s to
. . Damages tobusiness Y TEIEITT water shortages »
decarbonization basescue toclimate - Food déneges s g
disasters sealevels
(5) Increased instability in raw material procurement
. Incremeinmmmme}
due to frequent weather disasters T oftrengthening T
H H climatadisasters related products that help
(6) Damage to local sites due to weather disasters Wi | dongsiorisng T b
(7) Building of national resilience oty
Source : JFE Holdings [ JFE Group Report 2021 (Integrated Report)]. [CSR Report 2021 | *Partial excerpt
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[Case ®:JFE Holdings, Inc. (Materials) (2/3)]

JFE chooses the 2°C scenario and 4°C scenario, and describes the

scenario worldview as a “vision for the company”

v Conducts analysis based on the scenario released by
IEA, with the assumption that common carbon pricing
will be introduced to all major emitting countries in
order to increase the feasibility of achieving 2°C targets

v’ Sets a goal of aiming to achieve carbon neutrality by
2050 in the long-term scenario analysis, along with the
expected achievement of the 2°C scenario targets in
steel production

Transition
Risks
Reference
Scenario

Physical
Risk

How Society will Look

Transition scenarios developed by the

1

+ Bustainable Development Scenario
(SDS}*!

- 2°C Scenario (2DS}**

Transition scenanos developed by the
iEA

- Mew Paolicies Scenario (NPS)*!
- Reference Technology Scenario
(RTS)**

Climate change projection scenario developed by the Intergovernmental Panel

on Chmate Change (IPCC}

Representative Concentration Pathways (RCP) Scenano®?

Dynamic policies will be adopted and
technical innovations will progress
to imit the average temperature rise
by the end of this century to 2°C and
realize sustanable development.
Assume a society in which our
business is affected by social
changes accompanying transition to a
decarbonized society.
 World-wide/industry-wide uniform
carbon pricing**
Increase in the ratio of sales of
electric vehicles to overall vehicle
sales

Source : JFE Holdings [ JFE Group Report 2021 (Integrated Report) 1. [CSR Report 2021 |
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[Case @:JFE Holdings, Inc. (Materials) (3/3)]

JFE discloses the response status and future initiatives for each of the 7 key

Despite new policies implemented in
each country based on approaches
under the Paris Agreement, average
termperatura rises about 4°C by the
end of this century.
Assume g society in which our
business is affected by termnperature
rise and other climate change.
- Increase in the occurrence of
flooding
- Sea level rise

factors, dividing them into medium-term (2030) and long-term (2050)

v’ Leverages the results of scenario analysis for
developing future business strategies by selecting key
factors that impact the business and analyzing their

impact in more detail

FOCUS Key Factor {2) Increased Need for Effective Utilization of Steel Scrap

To achieve carbon neutrality, we are focusing on high-grade steel manufacturing and raising efficiency

v Adopts a “long-term vision for addressing global
warming” for the steel industry and shows the results of
scenario analysis and their consistency with the Japan

Iron and Steel Federation’s “Low Carbon Society Action

Plan”

by applying our industry-leading electric furnace technology. Furthermore, we will open up opportunities

for the entire JFE Group by expanding the use of our electric furnaces, increasing the use of our electric

furnace construction I

Mid-term, 2030, 2050

y, and ex scrap log

The JISF predicts that the demand for crude steel will continue to grow as the world's population increases and

the economy develops and that both the blast furnace and electric furnace methods will be indispensable as major

steelmaking processes (JISF's Long-term Vision for Climate Change Mitigation). To achieve carbon neutrality, we need to
expand the production of steel products using the electric furnace method, which emits less CO;. For this 1o happen, we
need ta work an technologies that improve the productivity of electric furnaces and address the constraints in producing

high-grade steel products. We must also work on technologies that increase the amount of scraps used in converter

fumaces

The JFE Group s viewing the increase in demand for electric fumace steel as well as the world-wide increase in the

amount of scrap generated as an opportunity, and it will enhance its electric furnace steel production while applying its

engineering technology for constructing an entirely cutting-edge, energy-saving electric furnace facility with the ultimate

goal of opening up other business opportunities. Moreover, the
Group will advance the development of technologies to utilize
scrap and increase the industry-wide use of this matenal.
Meanwhile, expanding the use of scrap will bring about &n
increase in logistics for distnbuting it, and this will provide an
oppertunity for JFE Shoji 10 expand its logistics business. 0

Goal
FY2020
(phase-l)
&
S
Y
@
FY2030
(phase-Il}
M Estimated Supply and Demand for Steel Status as of
Production and Scrap Use FY2019 year-end
(Bilian tarnes)
Efforts toward
e 155
7y zero carbon

steel show the
need for ultra-
innovative

2015 2060 (Yot

technology for
achieving the
1.5°C scenario

Source : JFE Holdings [ JFE Group Report 2021 (Integrated Report)]. [CSR Report 2021 |
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Further imprave energy
efficiency by taking full
advantage of cutting-edge

M CO; Reduction Medium- to Long-term Targets (The Ji !

. e Solutions

technologies

and Steel

to a Low Carbon Society”)

Reduce CO, in developing
countries

through the transfer and
application of world-
leading, energy-saving Eco
Process technologies

Provide high-performance
steel materials that result
in high performing end-
products and thus reducing
CO, emissions

Reduce CO, emissions by

& million t-CQ, compared
1o the BAU benchmark
* Energy-saving: 3 million

* Efficient use of waste

The use of major high-
performance steel
materials to contribute

to a CO, reduction of
approximately 34.0 million

Estimated CO, reduction
impact of 70 million t-CO,

plastics, etc.: 2 million t-CO,

+-CO

Reduce CO, emissions by
9 million t-CO, compared
to the BAU benchmark

Reduced 3.3 million
+CO, emissions {energy
conservation etc.),
«compared to the BAU

The use of major high-
performance steel
materials to contribute

to a CO, reduction of
approximately 42.0 million
+CO,

Estimated CO, reduction
impact of 80 million t-CO,

Domestic and international
use contributed to a CO,
reduction of 31.94 million
1

CO, reduction impact of
68.57 million +-CO,

benchmark 0
o w0 w0 s 2100
g Raising ratio of H; reduction in blast furnace
H Counseso  uam imarnai . (COG). Captuing CO from blast  RED. implomentation
H i o sty e
H
z R TR
H TRt —
: e
H i A
E e ="
i e - ey
e R g - i
g i Carbon-free power sources (nuclear, renewables, |
H v = o e
i B
! AR W
J—— e A oo e
H

ces/ceu

ment of CO Capture,

Technical developr e
Utization and Storage. Implementaton



v" Describes in detail the risks for both the 2°C scenario and

v

4-83 Source : FUJI OIL HOLDINGS INC. “Annual Securities Report”

[Case @:FUJI OIL HOLDINGS INC. (Agriculture, Food, and Forest Products)]
Fuji Oil discloses the details of initiatives with detailed description of key

risk items in detail for each scenario

the 4°C scenario

Example 1: Increased costs for responding to environmental
regulations (2°C scenario)

-Assumes tighter environmental regulations may cause carbon taxes

to be imposed in some countries, increasing costs
-Predicts that fossil fuels will be replaced by renewable energy

sources in production processes and logistics, and that there will be

reductions in GHG emissions, which may increase costs due to
impairment of existing assets and additional capital investment

3-8
N FHHRIL TR 4200 AVTHL, MTFOREEELTCET,

Lo ) AeifdIRes- O TRIEEEND 72 - MEBLURES LMD Y oEEETE] oY . 4

1. WA b oiEi
T2 EERRDRIT M

RV U L2030 Pl - FE T XN, HiE
TR rr B F - LR, IRRATES

ZRARH r SO RHRRE e TR R ERTE B R

Fo=r Lt AF T ILHEERZEREL., -

3. BWSSICL SHANTOHER

HHAEENRRET R T S SRR Y

4. #ROLEERHOTRET - MG

TEEOY A FETRETE SENEEE

Fr- g A S ILREERSEREL. -

Discloses initiatives for the four key risks

Example 1: Increased costs for responding to environmental
regulations

Implements the environmental vision 2030 for each group company.

Establishes teams specializing in the environment and energy

conservation in technology development divisions to investigate and

build production facilities that reduce environmental impact

[Case ®:Mitsubishi Corporation (Industrials) (1/2)]
Mitsubishi Corp. conducts analysis using multiple IEA scenarios, including a 1.5°C

scenario; the analysis covers the 8 businesses where climate change has a significant

impact from the perspective of risks/opportunities

Scenario selection

Uses three scenarios (shown at right) for businesses
receiving a significant impact from climate change in
terms of risk; conducts analysis using the two
scenarios of SDS and NZE for businesses receiving a
significant impact from climate change in terms of
opportunity.

y

Demand prediction
Predicts future demand over seven levels such as
“significant decrease”, “kept at current levels”, and
“significant increase”.

Detailed description of the business environment
defined by each scenario

Describes the general business environment under each
scenario.

Policies/initiatives based on understanding of the
business environment from the above scenarios

Describes the specific impacts and
policies/initiatives for the business based on the
above scenarios.

Considers the 1.5°C scenario as the decarbonization
scenario when developing business strategies for
businesses that are thought to have significant
transition risks and incorporates the analysis results
for those risks into strategy

RIREHY A Y - H2BLCHB L 188 » OBEEFR

b uwrma am

2 05 DFBCATMRIRRE (L S IIPADITh 1t
2°CEHR

*Partial excerpt from
individual risks
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Anaiysis of the impact to MC’s business based on the awareness of the bus|
sbove, and related policies and

Target businesses (businesses specified as receiving a
significant impact from climate change)
Risk perspective: Power generation (fossil fuels), coking coal, natural
gas / LNG, automobiles (passenger cars and pickup trucks), ships,
petroleum products (domestic service stations)

Opportunity perspective: Power generation (renewable energy), copper

P,

How

to view the charts

Name of Selected Business

increase, signifcant

scenario}

Policies and

the IEA'S World Energy Outlook
and Energy Technology

the STEPS scenario, etc. (BAU

v Technol

ncrease)

incresse, signifcsnt

2°C Scenario (SDS)* 2

scenaric in publications such as.
the IEA's World Energy Outiook

1.5°C Scenario (MZE) *3

(sigrificant decress:
siight gecrease, flat, slight
ncrease, increase, significant

ncrease)

ncrease)

Introduction of the ganeral

Introduction of the general
awareness of the business

fNZE) Scenario

vironment under the 1.59C

Initiatives Based on the

of the

<s environment detailed in the scenarios

4-84  Source: Mitsubishi Corporation “Sustainability Website”

*Partial excerpt




[Case ®:Mitsubishi Corporation (Industrials) (2/2)] H

Mitsubishi Corp. incorporates the 1.5°C scenario into strategy for businesses expected

to have significant transition risks; MC also conducts analysis for businesses with
iiqnificant business opportunities, and not only for those with transition risks

Responses for businesses with significant transition

opportunities
-Example for power generation (renewable energy)-

O Power Generation: Renewable Energy

Responses for businesses with significant transition risks
-Example for natural gas / LNG-

STEPS Scenario 2°C Scenario (SDS) 1.5°C Scenario (NZE)

— s 505 —

$001IND.
puewag

In all regions with the ption of
Europe, demand for natural gas s

expected to increase (average annual

natural gas demand Is evpected
from 2040, By industry,

a2 s nat L

particular will grow due to its high

hydroger

natural gas,

Policies and Tnitiatives Based on the Awareness of the Business Environment

Policies and [niliatives Based on the Awareness of the Business Enviranment

Implements ongoing monitoring of policies and technologies based

on understating of the business environment, suggesting that the
company is resilient against climate change Describes policies/initiatives for appropriately taking in climate

change-related business opportunities

Continues monitoring and paying attention to trends in national policies
such as introduction of carbon taxes and technological developments such Considers portfolio optimization, such as aiming to “double the renewable
as CCUS. Also promotes initiatives that contribute to carbon neutrality in energy generation capacity from 2019 (3.3G GW to 6.6 GW)”

the LNG value chain, and considers the possibility of utilizing LNG for the
production and supply of blue hydrogen

4-85  Source: Mitsubishi Corporation “Sustainability Website” *Partial excerpt

[Case @:Nichirei Corporation (Consumer Staples) (1/3)] n E n
Nichirei Group has established a capability for conducting scenario analysis, and

formulated a low-carbon policy as one of the long-term goals based on the results of

scenario analysis

v Nichirei participates in the “TCFD Consortium” along with declaring support for the TCFD recommendations in June 2020

v Scenario analysis was initiated as a group-wide project with the representative director and president acting as project
owner. Management’s understanding was gained after discussion and consideration at the “group environmental
conservation committee”, and the low-carbon policy was approved by the Board of Directors as one of the group’s long-
term environmental goals

Governance

In October 2019, we began analyzing climate change scenarios as an interdepartmental Group project, headed by the
president, and are reviewing the scenarios across the Nichirei Group. Following discussion and review by the Group
Environmental Protection Committee in May 2020, the Board of Directors approved low-carbon policies as a long-term
environmental goal in June and disclosed them in August of the same year.

In October 2020, the director, executive officer responsible for implementing climate change strategies was appointed

as project head. The project reviewed and analyzed climate change scenarios in relation to water-related risks arising

from abnormal weather, which, out of the risks identified in FY2021-2022 Project Organization

FY2020, would have a particularly significant financial impact on Project for the Analysis of Climate

Project name Change Scenarios

the Group. Following discussion and review by the Group

Environmental Protection Committes in May 2021, the Board of | Freiect head DifectoriEanative Officer

General Manager, Technology

Directors approved goals (measures and KPIs) for water-related | Project leader Management

risks as one of the Nichirei Group material measures in June and B e Technology Minsgement

disclosed those measures and KPls in August of the same year. | Departments participating

in the project Group Communication

The director, executive officer in charge reports at least once a

Group Environmental Protection

Controlling committee ; 3
Committee (meets twice annually)

year on the progress of the initiatives at Board of Directors

meetings. Relevant strategies, goals and plans are revised as gizzt’::" Board of At least once a year

appropriate on the basis of these reports.

4-86 Sources : Nichirei Corporation “Nichirei Integrated Report 2021”, Website “Climate Change Scenario”



[Case @:Nichirei Corporation (Consumer Staples) (2/3)]

The Nichirei Group gradually developed scenario analysis by evaluating risks and
opportunities for the entire group in 2020, and deepening scenario analysis optimized

for water risk in 2021

v

In FY2020, the group identified an “overall low-carbon policy (CO2 emissions reduction)” as the most important risk

factor shared over the group, and established long-term CO2 emission reduction targets

4

In FY2021, it selected “water risk due to extreme weather conditions”, which is a risk shared by both processed foods

and temperature-controlled logistics businesses, and developed climate change scenarios

Material Risks and Opportunities by Business and Scenario

4-87 Sources : Nichirei Corporation “Nichirei Integrated Report 2021”, Website “Climate Change Scenario”

[Case @:Nichirei Corporation (Consumer Staples) (3/3)]

For the deepened scenario analysis conducted in FY2021, the Nichirei Group performe
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qualitative evaluation for water risk and estimated the baseline burden of carbon tax for
transition risk as well as the amount of burden when reduction targets are met

v" For transition risk, the group quantitatively calculates
the baseline as well as the amount incurred when
reduction targets are met for carbon tax burden, and
evaluates the difference between those amounts in
disclosing the financial impact

Burden (baseline)

Approximately

Cumulative total i

Average (2025~ | Approximately 1.7-
2030) 22

Burden (upon achievement of
emission reduction targets)

Approximately 6.7-8.3

Approximately 1.1-1.4

(Billions of yen)

Reduction of burden achieved upon

fulfillment of emission reduction targets

Compared to baseline

Approximately 3.7-4.7

Approximately 0.6-0.8

* Carbon tax assumption: Estimated as 100 yen / dollar; assuming $ 30 / t-COz in 2025, $ 75-100 / +-C02 in 2030, and assuming a fixed amount

increase each year from 2026 to 2029.

(baseline)

the baseline

v Evaluation of carbon tax impact
» Assumes cumulative carbon tax burden of about 10.5 to 13.0
billion yen (annual average of about 1.7 to 2.2 billion yen) until
2030 based on the group’s current CO2 emission trajectory

+ Assumes that achieving the group’s CO2 emission reduction
targets (30% reduction compared to FY2015 by 2030) would
reduce the cost of carbon tax to about 6.7 to 8.3 billion yen,
mitigating the impact by about 3.7 to 4.7 billion yen compared to

v For physical risks, the group performs qualitative
evaluation using hazard maps for riverine flood risk

Assessment criteria

and rising sea level risk

Climate Change Scenarios in Relation to Water-Related Risks Arising from Abnormal Weather

« HEA:'B

29 of the 145 facilities were n food
asas according 1o municipal hazard

When creating hazard maps for
rogions whare the facites ars

ated.
wara found in ocations where

o

the pumber of rinfal events
exceaing the anticpated
maimum rainfal amount was
‘expestad 1o be arating the

21 facilities in Japan
(8 plants and 13 refigerated

Cumate Ghanga in Japan 20201

mags,

* No facilities overseas

« Basad on an ke Bay Typhoon-scala
typhoon and rsing sea levels, 2

145 facilities in Japan
1 facility overseas

e facsites outside of flood aress
acoarding 1o municpal hazard maps
o in areas for which hazasd maps

g Warenouses) s " had not been prepared (106 faciites)
. R st sy s

1] [ comiicomdv i | il ” b lboinioodumesvhen g sea

5 remommne ) o i i (e

£ ot s romeon oo i i

é :“““ . , esmate change wers consisred

z

2 ‘Selacter to avoid evereprosentation

- of certain reglons

v' Future riverine flood risk

* On the hazard map of regions where the group’s business sites

are located, there are three sites in Japan for which the frequency
of rainfall exceeding maximum expected rainfall levels is predicted

to be “the same as current levels or likely to increase”

Future risk for rising sea level

« Of the 145 total sites, 39 are sites in locations that have been
evaluated as flood zones by regional government hazard maps

4-88 Sources : Nichirei Corporation “Nichirei Integrated Report 2021”, Website “Climate Change Scenario”




[Case I : Volvo Group (Sweden, Transportation)]

The Volvo Group conducts 1.5°C scenario analysis and establishes a scenario unique to

the group; has committed to SBTi, and has made a goal of achieving net zero emissions m
by 2050 while showing a transition path to this

v Has set unique 1.5°C and 2°C scenarios v" The 1.5°C scenario illustrates a transition path with a view
assuming decarbonization of the transport and toward eliminating the use of fossil fuels in all group
energy sectors products starting in 2040

v Has committed to SBTi, and has set business
targets for achieving net zero by 2050

Mlustrative scenario for 1.5°C

Scenario analysis In this seensrle, &ll pradusts fram the Yolve Group

Potential pathways toa 1.5"C ar a well below 2°C scenario Include a succes- enable fossil-frae running fleats from 2040

- - - Carbon fuet I \Carban neutral
siwe decarbonization of the tramsport sector and of the energy sector. Maw -
technology solutions such as electric vehicles are, in order to deliver their full 100%

potential, depending on access to energy sources with low CO, intensity,
The Volvo Group has committed to the business ambition of the Sci-

Carban neaitral eloctricity

+

ence Based Target Initlative to limit the global temperature rize to 1.5°C : | P share i
above pre-industrial levels and o reach net-zero by 2050, In working By 2 * 4

- — e b - Fuel cell electric H
towards this ambition, the Volvo Group has performed I:t}: BITHEsion trucks 2 [rrE——a—— £

reduction scenarios based on the composition of the annual vodurme and
CO, intensity of producis forecasted to be put on different markets over
time. Each Buskness #Area and Truck Division have made their own sce-
naro enalyses, covering factors such as customer demand, regulatory
requirements, Infrastructure roll-owt, sccess to renewable energy, gow-
ernmental incentives for clean technologies, removal of governmental
subsidies for fossH fuels etc, The analyses are made to set a strategy with
the right mix of products for the respective market owver time, a mix which
may Include electrified products as well as comwentional combustion
engine products powered by renewable liquid and gaseous fuels.

Internal Combustion Engine (ICE)

BlalNG

1A, eloctrofucls, hydrogen etc

Source : Volvo Group “Annual and Sustainability Report 2020”
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[Case II: RENAULT (France, Transportation) (1/2)] E n
Renault describes the group’s risks/opportunities based on the supply chain
ecosystem and value chain, and specifies the magnitude of impact

v' Evaluates risks/opportunities based on the company’s v' Specifically describes the magnitude of impact for
business model and the supply chain ecosystem and risk/opportunity items in each scenario
value chain

v" Performs evaluations while also considering the
timeline for impact, such as short-term (until 2030),

medium-term (2030 — 2040), and long-term (2040 — T — .
2050) ¢ ¢ {
WED- 1 dProTUNmES  § g =k g (o g 2
PHYSICAL RISKS SHORT-TERM TERM LONG-TERM | DESCRIPTION AND IMPACT ON THE GROUP'S PERFORMANCE | ? 3 ggg 3 g 3 ggg | g 5 ggg
if R 3 ass ié z sk
kma o mom % o: % BEH ;o § BLR ;3 M
Changes to
EXTREME WEATHER Some extreme weather events may disrupt or, in more serious cases, .,!mm 0 o @ ® ® ® e @ ®
EVENTS/NATUR temporarily interrupt the activity of a number of the Group's production and andstandards
DISASTERS ® ® logisticsfacilitles. An increased frequency or Intensity of floods, hurricanes or g
draughts, combined with higher temperatures and sea levels, can push up Technalogical ® o a ® ® @ @ @ 6
risk prevention and maintenance costs, as well as insurance premiums. gﬂ e
= paret
ZE  changes ) ® %]
E
The resources, such as water, Reputation
ity o g . E il ® ® ) ®
ducei Jan of pay financi toresidents ving spportunities
RESQURCE SCARCITY ® ® ® il
Furth the use of new ch a< cabalt may ges g:’:;ﬂ @ @ @ ® @ ®
assales of k.
Extreme
westher
etz ® @ ® & O ®@ @
(imate change may lead d Ineartain m'
regions. Because the Group has many sites around the world, this could g o
:gmm ® ® directly impact its activity. Instability in one region or country could require the ﬁE
Group to adjust its industrial strategy. Resource ~
garoLCAL Regionatandgeoplia sty ans aitearsy 28 o ® @ ® O o O
chainecosystem and oblige the Group to reorganize its value chain, pushing a
UF pUrChase costs. i Stk
) e or ® @ ®:0 @ ®. @ ® o
geopalitical
E changes
s @ @ @ ® ® @ @ ® @

I €53 = strong impact (i) » medium impact I

Source : RENAULT GROUPE “CLIMATE REPORT 2021”
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[Case II: RENAULT (France, Transportation) (2/2)]
Renault references external data and sets unique scenarios including 1.5°C; the report
describes worldviews for overall transition to low carbon for major emitting industries

in the 1.5°C scenario

v'  Establishes multiple unique scenarios including 1.5°C and presents v

worldviews

» The 1.5°C scenario describes the following: “the raised awareness of climate .
risk by all stakeholders around the world (governments, financial institutions
and citizen-consumers) drives more sustainable regulations, business
models and lifestyles. The main emitting industries participate fully in the

transition to a low-carbon economy”

States that it has referenced external

data in creating its unique scenarios

“World Automotive Powertrain

NEW GREEN DEAL

ECO-TECHNO DRIVEN

RETREAT AND FRAGMENTATION

1.5°C

ac

4C

In thic scenario, the raiced awareness of
climate risk by all stakeholders around
the world (governments, financial
institutions and citizen-consumers)
drives more sustainable regulations,
business models and lifestyles This
scenario is enabled by worldwide
public-private collaborations. The main
emitting industries gaitlc:gaz?ﬁ.ull_ by in
the transition ta alow-carhon econamy.
Through efficient coordination with
legisiators and robust planning at a
global leve!, new tec les to

Inthis scenario, the most developed
regions malntain worldwide growth.
These regions succeed in combining
low local levels of emisslons with

climate-focuced economic expanston,

through the development af new
technologies (including mobility
services). Despite this, the lack of
worldwide commitment and of
coordinated climate policy lead to
global warming of about 3°C. whose

Global governance and technologies
arelacking, leading to a general
economic decline and a retreat fram
globalization in the aftermath of
climate, ecanomic and political erises,
Physical risks such as floods, fires and
droughts become frequent and

une leading to

migration and wider inequalities.
Low-tech and low-cost bacame the
norm, including in mobility. and

physical impacts affect all lath
C s are faced with a wide

respand to climate change are
developed. This systemic approach to
mability paves the way for the grawth

diversity of usages and demand from
one region to another.

lang: e travelis

Outlook”, used by the French
automotive industry platform (PFA)
+  “1.5TECH” and “1.5LIFE” scenarios
presented by the European
Commission in 2018
+ B2DS (“Beyond 2°C” scenario) by
the IEA’s ETP

© World Automotive Powertrain Outlook, used by the French
automative industry platform (PFA);

@ 1.5TECH and 1.5LIFE scenarios presented by the European
Commission on Novermber 28, 201E;

© Energy Technology Perspectives, published by the
International Energy Agency (the B2DS, or "Beyond 2°C"
scenario).

HIGHEST
RISKS

Transition risks and
opportunities

of efficient, muitimedal services.

Transition risks

Physical risks

Source : RENAULT GROUPE “CLIMATE REPORT 2021”
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[Case III: BHP (Australia, Materials)]
BHP conducts 1.5°C scenario analysis; the report describes specific measures to

transition to a 1.5°C worldview, including carbon capture, utilization and storage and

afforestation

v" Defines measures for transition to a 1.5°C worldview aimed at zero emissions by 2050, stating the following details:

» The company will seek opportunities to commercialize, at scale and acceptable cost, low emissions and negative emissions

technologies that are critical for the transition to a 1.5°C world. These technologies include carbon capture, utilization and
storage (CCUS), direct air capture (DAC), and the natural climate solutions of reforestation and afforestation

» The company will continue to seek opportunities to collaborate with value chain partners, investors, researchers, and

governments to work towards net-zero emissions globally by 2050

[l Looking ahead

Qur commitments provide a pathway for action

Thiz Report iz a foundation for action. We have laid out a
comprehensive series of metrics, targets and goals. We have
committed to holding management to account through a
direct linkage of climate-related targets and goals to executive
remuneration. And we have affirmed our commitment to
advocate for public policy in pursuit of global decarbonization.
We will remain alert to technological, political and societal
developments that may indicate changes to our signposts and
the development of new uncertainties for our portfolio
analysis. We will continue to monitor developments and review
our approach as necessary, to respond to evolving approaches
to climate change and climate-related disclosures.

A shared global challenge

We also recognize our role in collaborating with others to
achieve progress in managing the challenges of climate
change. Without collaboration, the world will not be able to
achieve the goals of growth, equity and decarbonisation for
the long-term. The challenges inherent in our 15°C scenario
illustrate the scale of the task ahead. We will seek opportunities

to work with partners to commercialise, at scale and

acceptable cost, low emissionsz and negative emissions

technologies that are critical for the transition to a 15°C world.

Source : BHP “Climate Change Report 2020”
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These technologies include carbon capture, utilisation
and storage (CCUS), direct air capture (DAC) and the

natural climate solutions of reforestation and afforestation.
Consideration of the 1.5°C scenario in our portfolio analysis
highlights that the world needs these technologies without
delay and at scale. We will continue to seek opportunities to
collaborate with value chain partners, investors, researchers
and governments to work towards net-zero emiszions globally

by2050.
Building a better world

Ultimately, BHP’s business is founded on providing the
resources that communities and nations need to build better
lives for their citizens today, and to create a brighter future
for the decades to come. Building that future around a stable
climate would mean that the potential of the resources we
produce is maximised, their value should be higher, and the
quality of life of hundreds of millions of people around the
world would be better.



[Case IV: Hewlett Packard Enterprise (US, Information Technology)] E n
HPE conducts 1.5°C scenario analysis and estimates the financial impact through

concrete figures; the report presents its resilience through increased product/market m
opportunities in the 1.5°C scenario

v" Implements a 1.5°C scenario and describes v' Quantitatively evaluates business impact using
risks/opportunities for the company’s business, including concrete amounts
for supply chain partners and customers Presents its resilience particularly in the 1.5°C
v" Also implements evaluation that considers the timeline for scenario as opportunities will increase in this
impact, such as short-term (0 = 3 years), medium-term (3 =5 worldview

years), and long-term (5 —= 15 years) * Products/services: 5 — 9 billion USD opportunity
* Market: 9 = 18 billion USD opportunity

1.5°C SCENARIO 1.5°C SCENARIO
—
Impact Timeline Potential results RISKS OPPORTUNITIES
quantification
OPRORTUNITIES POLICY & LEGAL RESOURCE EFFICIENCY
Resource efficiency  $20M 0-3 years Aggressive building energy reduction through innovative technologies as well as TECHNOLOGY 2 58-398 PRODUCTS/SERVICES
and energy sources renewable energy procurement reduces operafional energy cast.
T 818-$50¢ 0B-$18R
Products and $58-598 515 years Need 1o reduce indusiry eleciricity use increases demand for [T solutions That are also MARKET S1B-3500M S9B-5188 MARKETS
services? energy efficient.
REPUTATION o diareabi st | N dicarmati it RESILIENCE
Markets3 $9B-5188 5-15 years. Econamy-wide drive for socio-technical transition opens new markets 1o IT infrastructure
and increases need for solutions such has hybrid cloud and edge compute: ACUTE
Resilience Modiscenable  N/A Increased investments in renewable energy, efficiency, and IT infrastructure builds 2
CHRONIC o dcarmatis gt W sertram—ata 3y
impacr resilience by minimizing single points of failure and improving data feedback 1o response

> : 7 ; B Hediom term—3 105
times. Enhanced partnerships with supply chain partners and customers builds resiisncy,

W Lorgram—S 1015 yrs.
TRANSITION RISKS

Policy and legal*é $800M-518 3-5 years Stingent regulation on carbon-pricing, fechnology policies. and energy-efficiency

requirements raise the bar for market entry and cost of energy consumption LIMITED MITIGATION SCENARIO (>2°C)
Technology™ 5800M-518 3-5 years Technologies that do not facilitare transition to a low-carbon economy will not be viable,

which Includes low-performing [T technologies. RISKS OPPORTUNITIES
Marker® $500M-518 5-15 years Inability to anticipate new applications of IT solutions that reduce industry energy

POLICY & LEGAL o dacumabis impact RESOURCE EFFICIENCY

demand and facilitate fransition 1o a low-carbon economy may lead to lost opportunities
in emerging markers.

TECHNOLOGY PRODUCTS/SERVICES
Repuration Nodiscemable  N/A Companies that do not accelerate transition 10 a low-carbon economy are less competiiive

impact with custamers. Investors and analys's evaluate campanies based on ESG mefrics. MARKET MARKETS
EHYBICAL USKS REPUTATION RESILIENCE
Acute $200M 3-5 years Frequency of exireme weather events confinues at current rate and current severity.

ACUTE

Chranic Nodiscernable  N/A Today's frequency and durafion of drought canditions continues, but does not increase

impact orexpand fo ofher areas vinerable fo water scaraiy. i L

i erm=3 15 s

I Lo o510 5 s

Source : Hewlett Packard Enterprise “Living Progress Report 2019”
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Appendix.

Appendix4. List of TCFD-related reports

iAppendix. @
'Provide useful materials for scenario analysis based on supporting case studies
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[List of reports released by the TCFD]
The TCFD has issued recommendations, manuals and guidance on the recommended
disclosure items, including scenario analysis

Category Document title and URL (Original / Japanese) Overview
= - B Final Report: “Recommendations of the Task Force on Climate-related Financial _ .
=8 g_g’l ] Discl » (] 2017 Final report providing background and
3 95 o 8 h =2 .olsures (June ) frameworks for climate-related
Se =3 n 3 > (Criginal) financial disclosures
3524 o3 3 » (Japanese*")
[Nl H [
S=+=*0 s T (@]
stil 220 o
20 = =) B Annex: “Implementing the Recommendations of the Task Force on Climate- . - ) >
s93a *g related Financial Disclosures” ised in October 2021)*2 Report providing detailed information | < o
@ 'c,“‘.'; 53 = E N - (revised in October ) that is useful when implementing the =3 2
2 o ge. ~ (Original) recommended disclosure items = @
@
o3
B Technical Supplement: “The Use of Scenario Analysis in Disclosure of Climate- . - ) Q g
m q o rtunities” (J 2017 Report providing detailed information a8
5 9 »Relat.e.d Risks and Opportunities” (June ) for referencing when considering oQ
2z » > (Original) scenario analysis o
g_. i 5 » (Japanese*') 3
c o - =
O = [ n a
=& 8 (Non'fma"c.'al) . . . . . Guidance on practical processes for
o= B “Guidance on Scenario Analysis for Non-Financial Companies” (October 2020) scenario analysis and ideas for
g ‘g » (Original) resilience disclosures for different
38 climate-related scenarios
0 —
oo
39 3 Guidance targeted at companies that
% 3 382 B “Guidance on Risk Management Integration and Disclosure” (October 2020) integrate climate-related risks into
5 g [T > (Original) their existing risk management
o S8 x 9 ) ;
& a .--'-g processes and disclose this
5 v information
5 2
=@ = . -
® o 5o « R . ee » Guidance explaining the latest trends
32 a3 - n ‘ Guidance on Metrics, Targets, and Transition Plans” (October 2021) in climate-related metrics, transition
g [} 8 > (Original) plans, and cross-industry climate-
¢ o F related metrics

Annual report explaining progress,
B %2021 Status Report” (October 2021) insights, and challenges in climate-

> (Original) related disclosure
(Issued annually from 2018)

1Yo

*Lists information as of February 2022 *1: Non-official translation by the Sustainability Forum japan (as of October 2018): revised Japanese translations of the Annex will be available around Spring 2022
4-95 *2: The Annex includes financial and non-financial sectors (key sectors are energy, transport, materials/architecture, and agriculture/food/forestry products)

[List of Japanese reports related to the TCFD and scenario analysis]
Some excerpts from the guidelines on TCFD and scenario analysis practices in Japan

Category Document title and URL Overview
o o
g o8¢ - . . . .
g = 3z o B “Guidance on Climate-related Financial Disclosures 2.0 (TCFD Guidance 2.0)” Explains the TCFD Final Report from a
% gi‘_:_q 2 ; (TCFD Consortium, July 2020) corporate perspective
oao —_—
20555 I
=522 3
g Egg g‘ Aimed at the smooth implementation of
@ @ n B corporate scenario analysis in line with the
[=2 . . . P . . ” i . i
5 B “Practical guide for Scenario Analysis in line with the TCFD recommendations 20217 ~ TCFD recommendations; contains )
o e N i N explanations covering procedures for those in
» (Ministry of the Environment, March 2022) *This guide charge of implementation to those for
- Loty management, as well as summarized
o explanations of disclosure case studies, etc.
=
3 (Banking)
o B “A Practical Guide to Implementing Scenario Analysis for Climate Change Risks and RelTased asthgucjdafnce focgi;ng on Zcenario
0 = ogr . . . n N ” analysis methods tor quantitying an
=3 Oppprtumﬂes in LI!"IG with the TCFD Recommendations (Banking Sector) evaluating transition risks/physical risks that
0Ox (Ministry of the Environment, March 2021) are reliable enough to withstand disclosure
m
oa
30
S & w (Real estate) Comprehensive explanation based on
38 : B “Guidance for the Real Estate Sector on Addressing the ‘TCFD Recommendations Prfogr655 of ESGlfinvestrr]nent clovering
3 ; o for Climate-Related Financial Disclosures’ (TCFD Response Guidance for the Real O e 0 e rea st sector
20 3 Estate Field)” (Ministry of Land, Infrastructure, Transport and Tourism, March 2021) TCFD recommendations; also covers
9 % 2 illustrative examples of scenario analysis
S5
=0 (Food products) Explains information on climate-related risks
g o) B “Introduction to Disclosure of Climate-Related Risks and Opportunities in the Food, ?nf OPP}z:l:;“i% LOBi"fOfma‘iondditsclos?fes
n = . . . . A A o Inline wi e recommenaations tor
El Agriculture, Forestry, and Fishery Industries: A Guide to Climate-Related the food, agriculture, forestry, and fishery

Information Disclosure for Food Product Operators in Japan” (Ministry of Agriculture,  industries by sectors such as livestock and
Forestry and Fisheries, June 2021) agricultural products

B “Guidance for Utilizing Climate-related Information to Promote Green Investment 2.0  Explains perspectives from which investors
(Green Investment Guidance 2.0)” and others can interpret corporate information

(Ministry of Economy, Trade and Industry, October 2021) disclosures based on the TCFD
recommendations
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4-96  *Lists information as of February 2022
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