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A Golden Age of Natural Gas

A GOLDEN AGE OF GAS? Figure 4.17 = Selected global gas trade flows in the New Policies Scenario (bcm)
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The strong import growth in Asia underpins a fundamental shift in frade flows away from the Allantic basin 1o the Asio-Pocific region
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Net Zero
by 2050

A Roadmap for the
Global Energy Sector

Net Zero by 2050 Interactive
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Net Zero by 2050 Data
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Energy groups must stop
new oil and gas projects
to reach net zero by 2050,
IEA says

Radical move would have to be compensated by
huge investment in clean energy
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Saudi Energy Minister Prince Abdulaziz bin
Salman has already dismissed the |EA road
map, which would limit the average
increase in global temperatures to 1.5
Celsius, calling it a "la-la-land” scenario.
When asked on Thursday if oil is dead, he
responded by saying the kingdom is
increasing its production capacity.

Saudi energy minister Abdulaziz bin Salman



Figure 3.2 =~ Coal, oil and natural gas production in the NZE
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IEA. All rights reserved.
Between 2020 and 2050, demand for coal falls by 90%, oil by 75%, and natural gas by 557%



Set near-term milestones to get on track for long-term targets

IEA’s Net Zero by 2050

Gt CO,

2020

No new sales of
fossil fuel boilers

Buildings

Transport

Industry

Electricity

Most innovative low-
emissions technologies
in heavy industry
demonstrated at scale

Electric cars are
60% of sales

All new buildings are
zero-carbon ready

Universal energy access

All industrial electric
motors are best in class

No new ICE car sales

Electric heavy trucks
are 50% of sales

Most appliances and cooling
systems are best in class

No new unabated coal plants
approved for development

No new oil and gas fields
approved for development,
and no new coal mines or
mine extensions

2025

2030
1020 GW anﬁual solar
and wind additions

Phase-out of unabated coal
in advanced economies

2035

Overall net zero electricity
in advanced economies

4 Gt Co, cap'tured

150 Mt low-carbon hydrogen;

850 GW electrolysers

Almost 90% of existing
capacity in heavy industries
reaches end of their
investment cycle

50% of fuels used in
aviation are sustainable

Half of existing buildings
retrofitted to zero-carbon
ready levels

Half of heating demand
met by heat pumps

2040

Net zero electricity
sector globally

Phase-out of all unabated
coal and oil power plants

435 Mt low-carbon hydrogen;
3 000 GW electrolysers

1ea

More than 90% of heavy
industry production is
low emissions

More than 85% of
buildings are
zero-carbon ready

2050

Almost 70% of electricity
generation globally from

solar PV and wind

7.6 Gt CO, captured



COP26: All the climate pledges announced to date, if met in full and on time,
would be enough to hold the rise in global temperatures to 1.8 °C by 2100 (IEA
said on Nov 4th)

Figure 1.1 = CO2 emissions in the WEO-2021 scenarios and emissions

Temperature rise in 2100, by scenario Open &
reductions from recent pledges

i 40 veeveres
8 STEPS
G 35 /w—/'f . —— smmmvs«wm

30 Amod’donkm.-o

wunced Pledges Scenario uodnb_nhmaodvnlnoliuow
25
Other Neot lortjc«\ono
20 ® Russia
Updated APS Middle East
15
® India
10 .
5
2010 2020 2030 2040 2050

Net Zero Scenario

Announced Pledges Scenario - updated with COP28 pledges as
of 3 November

Announced Pledges Scenario Stated Policies Scenario

Note: Other = net zero pledge by Australia and commitment to the Global Coal to Clean Power Transition
Statement by Indonesia. Middle East = net zero pledges by Saudi Arabia and the United Arab Emirates.
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= Supply Chain Q

Mercedes-Benz supply chain

Carbon free 2030 to become CO2 neutral by
Renewable 100% 2025 2039
Net Zero Ca rbon 2040 Mercedes-Benz announces its next milestone ambitions to make its supply chain carbon neutral by 2039
Net zero emission for entire value chain 2030 @ comumica | Oic: (‘0. Wiias
Apple Net Zero Carbon all supply chain 2030
Carbon negative all supply chain 2030
Historical Carbon Neutral 2050

Sony warns it could move / {

o o -~ ‘ -
Demand-side driven and factories over Japanese energy BlaCdkROCzlz) I;?)Shes companies
. . . . to adopt net zero
Financial sector pushing pouey emissions goal
H H CEO pUSheS for renewab|e rules World's largest asset mnnaqq warns it may drop climate
E n e rgy Tra n Sfo r m at I o n I S revamp to meet green taggards from active portfolios
ha ppening! manufacturing pledges of its

client Apple
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Four key opportunities for scaling up hydrogen to 2030: A Common solution for Energy Transition @

MOBILITY

-More Renewables

-Decarbonize hard-to-
abate sectors

The Future of (es
Hydrogen

Seizing today’s opportunities

-Enhance security
INDUSTRIAL

HUBS

INTERNATIONAL
TRADE s exporters
- decarbonization
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Japanese Government’s manifest for A Golden
- Age of Hydrogen
eSS | Tenso/Mamuacuing | Home/Ofie

Mobility and battery ~_________________ .
Offshore wind power EV (electric vehicle), ECV (fuel cell vehicle) i Housing and building, Next generation PV
’ l ’ '

Windmill, parts, floating wind turbine next generation batterigg™ ==~~~ ========== (perovskite solar cell)

Semiconductor and ICT

Fuel ammonia Data center, energy-saving semiconductor

I' \ Resource circulation
1 Combustion burner : (demand-side efficiency)
: (as fuel in transition period to hydrogen : . _ .
| Neoeiety) 1 Maritime ___ Lifestyle-related industry
Rl B lrFueI-ceII ships,,lalectric propulsion ships, gas-fueled Local decarbonization business
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I Hydrogen ] _ .
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Foods, agriculture, forestry and fisheries
Smart-agriculture, wooden skyscraper, blue carbon

Nuclear power Dec, 2020.

_SMR (Small Modular Reactor),_________ AVIBLON e mmmmm e e -
 nuclear power for hydrogen production__ _} Hybrid electricjHydrogen-powered Aircraft | METI
Carbon Recycling

Concrete, biofuel, plastic materials 10



I JERA’s Activities®
Ammonia co-firing at thermal power plants

JERA announced Carbon Neutral target for
2050 by Ammonia and Hydrogen Co-firing o o o s o

power stations”

Efforts for hydrogen and ammonia

L Denitrification  Exhaust gas
unit desulfurization unit

v To promote the use of hydrogen, it is important to reduce costs in the value chain,
including transportation. Selecting ammonia as a hydrogen energy carrier leads to an
increase in consumption and a reduction in price.

v" Participation in NEDO commissioned work for ammonia co-firing in thermal power plants Ash treatment [ : moditcaton range

v "Tokyo Oi Hydrogen Station" opened as a joint project to promote the use of hydrogen. . : S
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Building the supply chain is the key for a Golden Age of
Hydrogen
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Long-term hydrogen production costs from solar & wind systems
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Possible Supply Chain of Clean Hydrogen:
Liquefied H2, Ammonla Organic Hydrate (MCH) Pipeline
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Uqueﬂed Hydrogen Carrier “Suiso Frontier” - New Zealand
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Europe further strengthens Collective Energy Security and Sustainability by
Hydrogen Pipeline Highway adding to RE based Power Grid connectivity.

2040 A European hydrogen highway
A pan-EU backbone stretching into all directions, with a length of almost 23,000 km

Important developments and corridors

The backbone will consist of 75% retrofitted pipelines, with
diameters ranging from 24-48 inch, providing 3-13 GW,,,,
transport capacity per pipeline. Combined with a fit-for-purpose

with large corridors connecting most of Western Europe with
é compression system, the backbone should be able to meet

valuable extensions into Central and Eastern Europe.

¢ A core, pan-EU hydrogen infrastructure of almost 23,000 km,

North Africa, the North Sea (UK and Norway), possibly Ukraine
and Russia

. .-’Nf 1 Y s 1
g / \%/’< o - ¢ The EHB enables connection to global hydrogen flows, including

but not a final product. It represents a foundational network
upon which further developments can be built beyond 2040

é The 2040 backbone can be considered as a critical milestone, 1

i

‘v'. Guidehouse 1 Profiminary estimation, the ochual copacity of the meshed grid requires moro detailed analysis 6



North East Asia Clean Energy Platform

North East Asia Gas & Pipeline Infrastructure(NAGPF) can be transformed to Hydrogen Pipeline.

Natural Gas Infrastructure Vision (As of September 2013)

West Siberia
To Europe

:7 Kazakstan

NAGPF

— M PlrTed POOINe
Macr Posalie Pypetne a1
J ))\ Thailand © Northeast Asian Gas & Pipoline Forum
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What is the Energy Security Po||cy when fossil fuel is 20 % of total energy supp|y?

Figure 2.5 =~ Total energy supply in the NZE
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IEA. All rights reserved.

Renewables and nuclear power displace most fossil fuel use in the NZE,
and the share of fossil fuels falls from 80% in 2020 to just over 20% in 2050 16



Address emerging energy security risks now

Oil supply and OPEC share Critical minerals demand

52% CLitnium |
OPEC share LI

Nickel

20 BSOS 10 Copper

2020 2050 2020 2050

Increasing flexibility

1ea

Electricity system flexibility needs

2020 2050

Electrification will increase from 20% to
50% in 2050

New energy security concerns emerge, and old ones remain; governments need to proactively plan for energy security risks related to market concentration,

critical minerals and electricity systems.
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‘IX,eEt(;)ziloilnglports of selected countries in the Stated Policy Scenario (mb/d) C h I n a an d I n d Ia. m u St
join the IEA.

Net Oil Import by OECD vs China+India
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Asia becomes the unrivalled centre of the global oil trade
as the region draws in a rising share of the available
crude.

In 2019 India has officially requested to become a full
member to the IEA. 18



Climate change is NOT Gender Neutral!

“60 ICGEF

novation for Cool Earth Forum

v 2020
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Climate change is NOT GENERATION NeutralI

| C E l
Innovation for Cool Earth Forum

2021
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Youth ICEF 2021
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https://www.youtube.com/playlist?list=PL98g-xOVCQJY4D8YsztvZf-GcKxsEue u



