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Global GHG emissions continue to grow

Annual COz2 emissions by world region
This measures fossil fuel and industry emissions' . Land use change is not included.
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Source: Global Carbon Budget (2022) OurWorldinData.org/co2-and-greenhouse-gas-emissions « CC BY

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO:) emitted from the burning of fossil fuels, and directly from industrial
processes such as cement and steel production. Fossil CO: includes emissions from coal, oil, gas, flaring, cement, steel, and other industrial processes
Fossil emissions do not include land use change, deforestation, soils, or vegetation
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Greenhouse gas emissions

Greenhouse gas emissions include carbon dioxide, methane and nitrous oxide from all sources, including agriculture
and land use change. They are measured in carbon dioxide-equivalents' over a 100-year timescale.
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Source: Calculated by Our World in Data based on emissions data from Jones et al. (2023)
Note: Land use change emissions can be negative
OurWorldInData.org/co2-and-greenhouse-gas-emissions « CC BY

1. **Carbon dioxide-equivalents (CO.eq)**: Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse gas
emissions, researchers express them in ‘carbon dioxide-equivalents' (CO:eq). This takes all greenhouse gases into account, not just CO.. To express all
greenhouse gases in carbon dioxide-equivalents (CO:eq), each one is weighted by its global warming potential (GWP) value. GWP measures the amount
of warming a gas creates compared to CO.. CO: is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of that gas would generate
ten times the warming effect as one kilogram of CO.. Carbon dioxide-equivalents are calculated for each gas by multiplying the mass of emissions of a
specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO:eq over 100 years, we'd multiply each
gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions — measured in CO:eq — are then calculated by summing each
gas’ CO:eq value




Energy and coal use contribute significantly

Global greenhouse gas emissions by sector CO2 emissions by fuel or industry type, World

This is shown for the year 2016 — glohal greenhouse gas emissions were 49.4 billion tonnes CO.eq.
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OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020)
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Coal use is led by Asia mainly for power generation

Coal consumption by country in 2020
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Developing countries expect higher demand growth

Electricity Consumption per capita (MWh per person) in 2019 Electricity demand growth forecast 2020-30 (%)
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Electricity demand grows fast in developing countries

Annual electricity generation growth for selected countries/economies 2010-2021
(2010 level = 1)
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Many Asian countries are committed to net zero

. . . Afghanistan 2016 First NDC NS 2050 Declaration/Pledge
Number of developing Asian countries by net zero target year Armenia 2021 Updatedfst NDC NS 2050 Declration/Pledge
Azerbaijan 2017  First NDC NS NS
Bangladesh 2021 Updated first NDC NS NS
Bhutan Second NDC Achieved
Cambodia 2020 Updated first NDC 2021 2050  In policy document
People’s Republic of China 2021  Updated first NDC 2021 2060 In policy document
Cook Islands 2016 First NDC NS 2040 In policy document
2030 - 2 Fiji 2020  Updated first NDC 2019 2050 In law
Georgia 2021 Updated first NDC NS NS
India 2022 Updated first NDC 2022 2070 Declaration/Pledge
Indonesia 2022  Updated first NDC 2021 2060 In policy document
2040 . 1 Kazakhstan 2016 First NDC NS 2060 In policy document
Kiribati 2016 First NDC NS 2050 Declaration/Pledge
Kyrgyz Republic 2021  Updated first NDC NS 2050 Declaration/Pledge
Lao PDR 2021  Updated first NDC NS 2050 In policy document
Malaysia 2021 Updated first NDC NS 2050 In policy document
Marshall Islands 2020 Second NDC 2018 2050 In policy document
Micronesia, Federated States of 2022  Updated first NDC NS 2050 Declaration/Pledge
Mongolia 2020 Updated first NDC NS NS
Myanmar 2021  Updated first NDC NS 2050 Declaration/Pledge
2060 - 4 Nauru 2021 Updated first NDC NS 2050 Inpolicy document
Nepal 2020 Second NDC 2021 2050 In policy document
Nive 2016  First NDC NS
Pakistan 2021  Updated first NDC NS 2050 Declaration/Pledge
Palau 2016  First NDC NS 2050  Declaration/Pledge
2065 . 1 Papua New Guinea 2020 Second NDC NS 2050 Declaration/Pledge
Philippines 2021  Updated first NDC NS NS
Samoa 2021 Second NDC NS 2050  Declaration/Pledge
Solomon Islands 2021  Updated first NDC NS 2050 In policy document
2070 Sri Lanka 2021  Updated first NDC NS 2060 In policy document
1 Tajikistan 2021 Updated first NDC NS NS
Thailand 2022 Second NDC 2022 2065 In policy document
Timor-Leste 2022 Updated first NDC NS NS
Tonga 2020  Updated first NDC NS 2050 Declaration/Pledge
n.a _ 8 Tukmaritan 2016 FistNOC s s
ha Tuvalu 2016  First NDC NS 2050  Declaration/Pledge
Uzbekistan 2021  Updated first NDC NS 2050 In policy document
Vanuatu 2022 Updated first NDC NS 2050 Declaration/Pledge
Viet Nam 2022 Updated first NDC NS 2050 In policy document
Lao PDR = Lao People’s Democratic Republic, NDC = nationally ¢ , NS = not /declared/pledged
Notes: Color corresponds to NDC submission and net zero pledge status. Status as of end 2022. Excludes Brunei Darussalam and the newly
Source: ADB, Asia in the Global Transition to Net Zero (2023) industrialized economies of Hong Kong, China; the Republic of Korea; and Taipei,China
Sources; UNFCCC. 2023, NDC Reg Zero Tracker; Climate Action Tracker; CAT Net Zero Tracker (all accessed 20 February 2023);

UNEP. 2022, Emissions Gap Report 2022
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Governments take initiatives for energy transition
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"ﬂVBG’s Country Climate and Development Reports
(CCDRs) provide diagnosis on intertwined challenges
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Feasible pathways for transition in the power sector

Projected annual carbon emissions from the power sector

. Context
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Note: ADS = accelerated decarbonization scenario; CPS = current policy scenario; MtCO,eq = million tons CO, equivalent.

Source: World Bank
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RE capacity will need to increase fivefold by 2040

Projected renewable energy installed capacity

a. China b. Indonesia, Philippines, and Vietham combined
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‘QCDRS shows that scaling up RE and phasing down
coal are necessary across many countries

Evolution of the share of renewable energy and coal capacity in selected countries

a) Share of renewable energy capacity b) Installed coal capacity
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Investment in clean energy continues to increase

Annual clean energy investment, 2015-2023 (USSb) Increase in annual clean energy investment in selected
2000 countries/regions, 2019-2023 (USSb)
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Solar PV energy auction prices continue to decline

9.00 Recent increase in 2022
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Source: PV magazine, GTM, IEA, Scaling Solar, EPE, WB own data, computed data from internet by the WB team
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Onshore wind auction prices keep going down
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Offshore wind auction prices are plummeting
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China becomes the largest investor in clean energy

Installed Capacity of Wind Power and Solar PV in China
(2006-2022)
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China’s growing investment leads to cost reduction

Onshore wind turbine bid price in China (USS/kW)
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alling green hydrogen cost will facilitate clean energy
transition

Projected global production cost of hydrogen, $/kilogram

5] —— Awverage cost
50% |
drop in the cost of -==- Optimal cost
5 green hydrogen for

end users by 2030

4
Gray hydrogen,’
3 including
carbon costs?
2
K Blue hydrogen®
1 Large-scale blue B Green hydrogen*
hydrogen projects
possible around 2025
2020 2030 2040 2050

'Steam methane reforming (SMR) without carbon capture, utilization, and storage (CCUS).

*Based on projected average global COs costs of $57/ton (2030), $94/ton (2040), and $131/ton (2050). For Saudi Arabia, CO; costs are assumed to be
$33/ton in 2030, $69/ton in 2040, and $105/ton in 2050.

*Gas prices of $2.60 to $6.80/MMBtu (approximately $3/MMBtu in Saudi Arabia).

*Refers to the cheapest green hydrogen, which is provided by solar energy.

Source: McKinsey Hydrogen & Derivatives Flows Model, October 2022
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CCUS applications are growing on commercial basis

Pipeline of commercial CCUS facilities since 2010 Commercial CCUS Facilities by number and total CO, capture capacity (Mtpa)
(as of mid-September 2022)
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In China, SOEs lead CCUS demonstration at scale

CCUS demonstration projects in China Cost of CCUS demonstration projects in operation in China
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Four key challenges to clean energy transition

Energy Security

Affordability Just Transition
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‘ﬂ/leeting fast growing electricity demand is becoming
a priority amid volatile market conditions

Natural gas and coal market price trend

US$/mt
US§/mmbiu —Natural gas, U.S. y =Coal, Australian
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Source: World Bank, Commodity Markets Outlook, April 2023
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High RE share poses threat to reliable power supply

California’s hourly load net of solar/wind in Spring (GW)

California's duck curve is getting deeper
CAISO lowest net load day each spring (March—-May, 2015-2023), gigawatts elia
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Source: US Energy Information Administration
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rowing battery storage demand brings risks and
opportunities

Battery factories to generate biggest source of critical mineral scrap
over next decade

Available scrap material (GWh)

Us$/kg High-flying lithium crashes back to earth
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Bl End-of-life batteries
80 —— === Carbonate Cif Asia Contract Price Batt H
arrery proauction scrap
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60 —— ——Spodumene (RHS) —
e
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Fastmarkets Battery Grade Assessments Mid-Point Average Andy Home: 17/05/2023 —— | . .
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Source: Benchmark Mineral Intelligence
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‘*ower sector resilience constitutes an important part
of energy security due to climate risks on the rise

Occurence of Natural Disasters in PICs

MAJOR U.S. POWER OUTAGES

14 Total occurrence of natural disasters == \Weather-Related = Non Weather-Related
-=-Total occurrence of natural disasters (3-year moving average)
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‘Qlean energy transition requires higher upfront capital
investment

Capital investment needed in the power sector between 2020 and 2040 (undiscounted terms)

a. Four countries combined b. Indonesia, Philippines, and Vietham combined

10,000 1,000
8,742
8,000 37% 71%
6,391
é 6,000 —— _5
3 5 500
% ©
3 4,000 =
2,000
0 0
CPS ADS CPS ADS

M Vietnam M Philippines M Indonesia M China M Vietnam ™ Philippines M Indonesia

Note: ADS = accelerated decarbonization scenario; CPS = current policy scenario; MtCO,eq = million tons CO, equivalent.

Source: World Bank
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Electricity cost is projected to increase by 16 percent

Total system cost composition in Indonesia, the Philippines, and Vietham combined

a. Present value of total system cost 2022-40 b. Share of total system cost 2022-40
900 100%
731
80%
600
c 0,
§ - 60%
=
-4
= 40%
20%
217
0 0%
CPS ADS CPS ADS
B T&D M FUEL M O&M M CapEx M T&D M FUEL M O&M M CapEx

Note: ADS = accelerated decarbonization scenario; CapEx = capital expenditure; CPS = current policy scenario;
0&M = operation and maintenance; T&D = transmission and distribution.

Source: World Bank
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Concessional climate finance catalyzes large financing

Ci IZV E Accelerating Coal Transition (ACT)

GREEN ANGS Investment Program

CLIMATE

FUND

Indonesia

US$12.8 billion US$7.5 billion * Investment plan approved
committed to committed to » USS500 million mobilizing USS5 billion
226 projects 398 projects

Philippines
* Investment plan in development
e Up to USS500 million concessional fund

Source: World Bank
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Carbon revenue has a potential to fill financing gap

Evolution of global revenues from carbon taxes and ETSs over time (nominal)

100 . ETS USD 95

920 Carbon Tax

80
70
69%
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50
40
. -

20 Illlll

Billion USD

e 31%
10 o e
] — | ]
— —_ — - - — — —
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Source: World Bank
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ETS/carbon tax is at the early stage in Asia

Sweden

Norway
ETS and Carbon Tax Denmark

Implemented or Scheduled

l Germany Czech Republic
Netherlands § Finland
ETS Implemented or (Kingdom of the)
Scheduled for Implementation Belgium

# Estonia
Latvia

UK
Carbon Tax Implemented or ? Ireland S5 Lithuania
Scheduled for Implementation @ Ukraine
Iceland
r 1 Luxembourg zm{jk Rep.
ETS or Carbon Tax Georgia Sakhalin Liechtenstein ania
Under Consideration Washington 4’ '
oregon e Cnoni
Republic of Korea I
S { ®— Tokyo Portugal
California Pennsylvania “: Tarkiye g ? g
RGGIh I o pakistan Saitama Austria
North Carolina 5 ;
" Durango Moracc? ) Slovenia Macedonia
Hawaii Guanajuato S Hungary Albania
Zacatecas Querétaro Bosnia & Montenegro
Yucatéan Herzegovina

Jalisco
Thailand ——

State of Mexico Senegal —= ~— Vietnam
~—— Nigeria Malaysia
Céte d'lvoire J sl
Colombia — ’ —l ~—=—Brunei B
Singapore ? Darussalam E
Gabon -y N !
Nt » - '
'
Indonesia .‘q’,w_ e f A Beijing
Brazil v .
Botswana
4 .Tokyo
] . Saitama
Northwest )
Territories
.— Shanghai
British Columbia =— Uruguay ‘
Newfoundland Chile — . Fujian
Alberta and Labrador Argentina South Africa . .»
Saskatchewan

Q Taiwan, China*
- } Shenzhen
’ Guangdong

Manitoba 4l (except Shenzhen)
- New Zealand

Prince Edward Island
Nova Scotia
New Brunswick
(xiii) Instruments are considered “scheduled for implementation” once they have been formally adopted through legislation and have an official, planned start date. Instruments are considered “under consideration” if the government has
announced its intention to work toward the implementation of a carbon pricing initiative and this has been formally confirmed by official government sources. Some countries that have mechanisms implemented also have additional

instruments under consideration. For subnational jurisdictions only the subnational instrument is reflected.

Source: World Bank
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Carbon crediting mechanism is emerging in Asia
®—

Under Development

Canada Federal
GHG Offset System Kazakhstan Crediting Republic of Korea Offset
Switzerland CO, Mechanism Credit Mechanism

UK Woodland % ﬁ::ifr:::r:s Cieditag
Carbon Code »

Spain FES-CO, %
Program China GHG Voluntary

Emission Reduction Program

Sakhalin Oblast
Pilot Crediting Mechanism

Washington Crediting
Mechanism

}— Joint Crediting Mechanism

California Compliance @ J-Credit Scheme

Offset Program - 4f
RGGI CO,
Offset Mechanism

India Crediting

o . Mechanism
Mexico Crediting

Beijing Forestry Offset
Mechanism

- Vietnam Creditin,
Mechanism Mectaion 9 ’ Beijing Parking Offset
Thailand Voluntary Taiwan, China GHG Offset Crediting Mechanism
Emission Reduction K Management Program

Program
‘ Saitama Target Setting

Emissions Trading System
\ Saitama Forest Absorption
\ Certification System

‘ A‘— Tokyo Cap-and-Trade
. 4\*

Colombia Crediting Sri Lanka Carbon

a Québec Offset
Mechanism Crediting Mechanism

.3 Crediting Mechanism

Indonesia Crediting
Alberta Emission Mechanism

Offset System

British Columbia

Program
Offset Program g

F thlan Forestry Offset
‘ Crediting Mechanism

Indo-Pacific Carbon
Offsets Scheme

r

¥

Chile Crediting
Mechanism

Chongaing Carbon

g‘,’:ﬂi’;gi&zchanysm Australia Emissions Offset Mechagler
il I "
Saskatchewan GHG Reduction Fund
Offset Program

Nova Scotia Guangdong Pu Hui Offset

Crediting Mechanism

Source: World Bank

| h

Circles represent crediting mechanisms in subnational jurisdictions and cities. * ed” crediting have the required framework (e.g., legislative mandate) as well as the supporting procedures, emission reduction protocols and
registry systems in place to allow for crediting to take place. For subnational jurisdictions, the color reflects the status of subnational instruments.
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International supports formed for energy transition

= South Africa

November 2021  USSS8.5 billion

Indonesia

* Peak power sector emissions by 2030
* Reach net zero power sector emissions by 2050

November 2022 US$20 billion * Increase the share of renewable energy in
| IU|HANSITI0N electricity generation to 34% by 2030

Vietnam

* Peak power sector emissions by 2030
* Limit CFPP capacity to 30.2 GW

December 2022 US$15 5 billion * Increase the share of renewable energy in
) electricity generation to 47% by 2030
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New sustainability-linked instruments are growing

Global sustainable debt annual issuance, 2013 - Q1 2023

1800 1,703

1600

1400 1,327
1200

1000

800

600
338
—_—

811
crr
A00 318
245
146 i
o | - B

2013 2014 2015 2016 2017y 2018 2019 2020 2021 2022 2023

H Green bonds B Green loans M Social bonds

Sustainability bonds B Sustainability-linked bonds ®m Sustainability-linked loans

Source: World Bank, IFC based on BloombergNEF, Bloomberg L.P.
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"Qnergy transition may bring adverse economic, social,
and environmental impacts
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"'mpacts on employment and economy across coal
value chain should be carefully managed

Coal mining employment in Poland Coal mining employment in China

450,000 700

p> &% LIMITED NUMBER OF WORKERS DIRECTLY AND
"W W< _  INDIRECTLY AFFECTED BY THE TRANSITION 400,000

600

and as much as 40% 350,000
5] Coal mining @ in municipalities

500

o )
c
represents less than but up to 5% at the located close to the & 300,000 "]
1% of employment 5% regional level mines (Bierurisko- § 9
nationwide (88k (SIEHEY ledzinski and S 250,000 400 §
people) Kazimierz Biskupi) < S
=
3 200,000 — 300 S
€
o >
, , a )
BIERUNSKO-LEDZINSKI KAZIMIERZ BISKUPI = 150,000 =
(SILESIA) (WIELKOPOLSKA) S 200 &
100,000
40% of coal-related employees work The mining conglomerate accounts
directly for mining conglomerates for 39% of total employment 100
L —— — 50,000
6% work for subcontractors 65% of the households feel dependent
of the mines on the coal and en:
0 0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Source: World Bank s Production @ Mining Employment Electricity, Heat, Gas and Water Employment

Source: Columbia Political Review using data from Chinese Statistical Yearbook
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Impacts of the transition can be disproportionate

Distribution of jobs lost and gained, holding job characteristics fixed in China Welfare impacts by income groups in 2060 in China
(% relative to baseline)

a) Workers’ characteristics in contracting sectors. b) Workers’ characteristics in expanding sectors. (% o
(% relative to 2018) relative to 2018) _E 1
®
100 100 g
o 0]
Coastal Coastal -
80 _ 416 : 80 431 g
o
60 60 d Semi- o O
skilled =
j
40 40 8
29
20 20
o 0 =1
Gender Urban/Rural Region Skill Gender Urban/Rural Region Skill '
Q1Q2Q30Q40Q5 0Q10Q2Q3040Q5 0Q1Q2Q3Q40Q5 Q102030405
Source and Notes: World Bank calculations based upon CGE modeling results in 2030 relative to 2018, combined Scenario 1 Scenario 2 Scenario 3 Scenario 4
with average sector characteristics based on 2018 China Family Panel Survey household survey data. Sector
characteristics are held fixed at their 2018 levels. I MNominal labor I Nominal non-labor Prices

Source: World Bank
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Gov’t has a critical role in mobilizing private capital

Il. Challenges — Financing

Growing political appetite
and macro-fiscal space

. . Fossil fuel
Financing and refinancing Transition
concessionality = eeeess, 1 geoseee preparation
support from Phe;_;se-doyvn *, financing
development nancing
partners
( \ Su i
pportive regulatory
Results ~“H~ @ and policy environment
TOWARD A
Utility and electricity
POWER TRANSITION --------- network strengthening
financing
VIRTUOUS CYCLE
Transparent Increasingly

price discovery capable institutions

Demand-side

Clean energy management financing

rollout financin .
g Nascent technologies

financing

Pipeline of

‘ * [ ]
Source: World Bank bankable projects ~ -Private Capltal
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lll. World Bank Engagement
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Pillar 1:
Reduce coal
dependency

* Power/energy sector
planning

* Pricing and incentive
policies

¢ Coal power plant
repurposing

¢ Coal mine closure

Pillar 2:
Scale up clean
energy

* Renewable energy

* Natural Gas

* Energy efficiency
Grid enhancement
Energy storage

Industry/transport
decarbonization

Frontier solutions
(hydrogen, CCUS, etc)

Pillar 3:
Ensure a just
transition

e Social service and
assistance

¢ Workforce transition

* Active labor market
policies

e Environmental
remediation

e Land reclamation

WBG engagement under a comprehensive framework

Pillar 4:
Improve sector
governance
* Sector financial
viability
Electricity tariff
reform

Utility financial/
operational reform

Subsidy reform and
fiscal management

Market mechanisms

Cross-Pillar: Mobilize grant resource for technical assistance

Cross-Pillar: Mobilize concessional finance to de-risk and reduce cost
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Active work programs in East Asia and Pacific region

¢ Energy storage
* Renewable energy
integration

® Provincial power
interconnection

¢ Grid network
strengthening

* Regional power
interconnection

e Sector financial
sustainability

¢ Grid network
strengthening

* Regional power
interconnection

e Energy access to
clean cooking

e Grid network for
renewable energy

* Power system
planning

e Electricity and heat
tariff reform

¢ Heating sector
decarbonization

e Coal power
transition

e Grid network for
renewable energy

¢ Regulatory
arrangement

¢ RE development
* Regional power
interconnection

e Carbon crediting
mechanism

lll. World Bank Engagement

Indonesia

e Offshore wind
 Energy efficiency

Pacific Islands

e Power sector
resilience

¢ RE electrification
e Hydropower

e Grid network for
renewable energy

e Coal power
transition

e Offshore wind

e Industrial energy
efficiency

* RE electrification

® Green financing

e Pumped storage

e Coal power
transition

e Sector financial
sustainability
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Some takeaway messages...

v' Energy transition becomes a core part of sustainable energy sector
development across Asian countries

v Aligning climate actions and energy transition plans with domestic
development objectives is important, as highlighted in CCDRs

v" Technology innovation is driving down cost of clean energy, but it remains
a challenge for developing countries to manage the cost and financing for
accelerating the transition

v" About USS12 trillion will be needed by 2040 for energy transition in the
power sector in the six major Asia coal-consumption countries
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Some takeaway messages...

v' Governments have a critical role to create an enabling environment
for private sector participation and de-risking transition process

v' Governments can lead the effort to tap concessional climate finance
and unlock potential of carbon pricing to fill the financing gap

v' Governments also need to consider strategically positioning
themselves to benefit from global energy transition
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THANK YOU
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