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Necessary GHG reduction to achieve 1.5℃ and 2℃ targets
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Reduction rate to 2019 level 2030 2035 2040 2050
Limit warming to 1.5°C (>50%) 
with no or limited overshoot

GHG 43 [34-60] 60 [49-77] 69 [58-90] 84 [73-98]
CO2 48 [36-69] 65 [50-96] 80 [61-109] 99 [79-119]

Limit warming to 2°C (>67%)
GHG 21 [1-42] 35 [22-55] 46 [34-63] 64 [53-77]
CO2 22 [1-44] 37 [21-59] 51 [36-70] 73 [55-90]

Source: IPCC (2023) Summary for Policymakers. In: Climate Change 2023: Synthesis Report. 
Contribution of WGI, II and III to AR6 of IPCC; Figure SPM.5 & Table 1



0

5

10

15

20

25

30

35

40

45

50

55

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

G
H

G
 e

m
is

si
o

n
s 

[G
tC

O
2

e
q

]

Japan China India South Korea
Indonesia Thailand Viet Nam Malaysia
Philippines Singapore Cambodia Brunei
Myanma Laos Taiwan Bangladesh
Bhutan Hong Kong Sri Lanka Macao
Maldives Mongolia Nepal Pakistan
North Korea Timor-Leste USA EU27
Other OECD Rest of the world

GHG emissions from Asia
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Other OECD
EU27
USA

ASIA

Rest of the World

Source: European Commission, Joint Research Centre et al., GHG emissions of all world countries, Publications Office of the
European Union, Luxembourg, 2024, https://data.europa.eu/doi/10.2760/4002897, JRC138862.
https://edgar.jrc.ec.europa.eu/booklet/EDGAR_2024_GHG_booklet_2024.xlsx



To achieve 1.5 degree target, not only developed countries 
but also developing countries will need net-zero
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China
2060: carbon neutrality
2030: 65% carbon intensity 

reduction to 2005

Korea
2050: carbon neutrality
2030: 40% reduction of GHG

to 2018

Japan
2050: net-zero GHG
2030: 46% reduction of GHG

to 2013

Indonesia
2060: net-zero emissions
2030: 31.89-43.2% reduction of 

GHG to BaU

Thailand
2065: carbon neutrality
2030: 30% reduction of GHG to 

BaU

Nepal
2045: net zero emissions
2030: 15% of total energy 

supply from clean energy

India
2070: net-zero carbon 
2030: 45% carbon intensity 

reduction to 2005

Sri Lanka
2040s: net zero GHG
2030: 4-14.5% reduction of GHG 

to BaU

Malaysia
2050: carbon neutrality
2030: 45% carbon intensity 

reduction  to 2005

Lao
2050: net zero GHG
2030: 60.7% reduction of GHG 

to BaU

Mongolia
2050: -
2030: 22.7-44.9 % reduction of 

GHG to BaU

Singapore
2050: 33 MtCO2e
2030: Peak out emissions to 

65MtCO2e

Philippines
2050: -
2030: 2.71-72.29 % reduction of 

GHG to BaU

Cambodia
2050: carbon neutral
2030: 41.7 % reduction of GHG 

to BaU

Bangladesh
2050: -
2030: 6.73-21.85% reduction of 

GHG to BaU

countries which submitted their 
LTS to UNFCCC. 

countries which have not yet 
submitted their LTS

Vietnam
2050: net zero GHG
2030: 9-27% reduction of GHG 

to BaU

Bhutan
2050: cumulative GHG 

reduction 48,652.84 GgCO2e
2030: Remain carbon neutral



Past trend and future targets of GHG emissions in Japan
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Source: 
Historical data: Greenhouse Gas Inventory Office of Japan, Japan's National Greenhouse Gas Emissions 
Target: Japan’s Nationally Determined Contribution (NDC) and Long-Term Strategy under the Paris Agreement



AIM/Enduse ver1.0

Technology-related data

Service demand

AIM/CGE

AIM/MOGPM Multiregional Optimal Generation Planning Model

Electricity
supply

LNG
Demand and

supply control

Interregional 
powerinterchange

Electricity

demand

Industrial output

Technology

Selection*1

Fuel demand

Cool, warm, hot water et al.
in building

Passenger and freight 
transportation

• An applied general equilibrium model is used to establish a macro-frame for the future, given the economic growth rate and 

population assumptions (1). Next, future energy demand is estimated using an energy demand model (2). The annual 

electricity demand estimated in (2) is expanded to hourly demand by region, and the generation facility configuration and 

supply configuration are estimated using a cost-optimized power supply model that can take into account coincidence 

constraints and inter-regional interconnection line constraints (3). The results are fed back into the energy demand model to 

calculate Japan's overall energy supply and demand and CO2 emissions. 

(1)

(2)

Energy consumption, CO2 emissions

(3)

Energy demand
Power generation

CO2 recovery

*1：Technology selection based on economic rationale 

considering capital, operating, energy and carbon costs

Power 

Source

section*2

LNG+CCS

PV

On-shore wind

Off-shore wind

・・・・

・・・・

*2： The model estimates hourly electricity demand-supply 

balance including the inter-regional power interchange and 

storage input-output each of the 10 regions under the cost 

minimization condition. 

Technology-related data

Hourly demand 

for 10 regions

Conversion 

factor

Japan’sannual
demand

AIM (Asia-Pasific Integrated Model) to assess net-zero GHG in Japan
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This research was performed under the Environment Research 
and Technology Development Fund JPMEERF20231002 of the 
Environmental Restoration and Conservation Agency of Japan.

https://www.nies.go.jp/social/publications/dp/pdf/2024-03.pdf



Scenario｜Three scenarios in this analysis
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• In this analysis, we assumed three scenarios and estimated emission pathways to 2050 for each: A) the "Decarbonization 

Technology Progress Scenario", which assumes that although efficiency improvements and renewable energy deployment will 

continue, the implementation of innovative technologies will not fully develop after 2030; B) In addition to A), "Innovative 

Technology Deployment Scenario," which assumes that large-scale deployment of innovative decarbonization technologies will 

progress after 2030; and C) In addition to B), a "Social Transformation Scenario," which incorporates reduced demand for 

goods and transportation due to social transformation.

A) “Decarbonization Technology Progress Scenario” (Technology 

Progress) 

Energy efficiency and renewable energy technologies are deployed as 

planned until 2030, and continue to deploy at the same rate after 2030. On 

the other hand, innovative decarbonization technologies that are expected 

to be deployed at an accelerated pace and on a large scale after 2030 are 

assumed to be deployed at a slower pace.

<GHG net-zero scenario＞

B) "Innovative Technology Deployment Scenario" (Innovative 

Technology)

A scenario in which innovative decarbonization technologies that are 

expected to be deployed at an accelerated pace and on a large scale after 

2030 are fully deployed, and net zero GHG emissions are achieved in 2050.

C) "Social Transformation Scenario" (Social Transformation)

In addition to B, this scenario incorporates a reduction in demand for goods 

and transportation while maintaining or improving people's utility, etc., as a 

result of social transformation, such as the development of digitalization 

and the circular economy. Net zero GHG emissions in 2050.

Innovative decarbonization technologies for 
large-scale deployment beyond 2030

• Expanded use of synfuels (hydrogen, 
synthetic fuels, ammonia) and biofuels

• Further deployment of PV and offshore 
wind power

• Further electrification of freight vehicles

• Further proliferation of HP equipment

• CCUS implementation in power 
generation and industry

• Negative emission technologies

Assumed social transformation

• Efficient use of materials: Sharing, long 
life, recycling, resource-saving design, 
etc.

• Reduction of business and commuting 
travel: ICT to substitute for travel 
demand, etc.

• Reduction of freight transportation: 
Efficient use of materials to reduce 
freight transportation, etc.
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• In Technology Progress Scenario, GHG emissions in 2050 is around 70% reduction compared to those in 2013. 

Decarbonization of electricity and energy saving and electrification of the end-use sectors account for a large share of the 

total GHG reduction. 

• From Technology Progress Scenario to Social Transformation Scenario, not only the decarbonization of electricity and 

energy efficiency and electrification in end-use sectors, but also various measures such as new fuels, BECCS, demand-side 

CCS, and social transformation contribute to emission reductions, and achieve the net zero GHG emissions by 2050. 

Mitigation pathways | GHG emission reduction to achieve the net-zero
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As a tool for cooperation with Asian countries 
toward net-zero society
2021.10: Plan for Global Warming Countermeasures

✓ In addition to providing policy recommendations to partner countries, Japan 
will strengthen its engagement with them, support the formulation of long-
term strategies and the revision of NDCs, and help the private sector build 
institutions and improve their implementation capacity, through the Asia-
Pacific Integrated Model (AIM), thereby contributing to increasing the ambition 
of partner countries and strengthening their efforts toward decarbonization. 

2023.12: Assistance Package to Promote Investments for Global Actions Toward the 
Achievement of the Paris Agreement Goals

✓ Thus, the Government of Japan will expand the scope of technical support 
provided for the formulation of net-zero targets with feasible measures using a 
simulation model (Asia-Pacific Integrated Assessment Model, or AIM) to 10 
countries, while considering the timeline of the next round of NDCs submission 
by 2025.
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Assessment of decarbonization scenarios in Asia
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AIM/CGE AIM/Enduse

An integrating tool of future economic, 
industrial, social and energy visions 
with mitigating options. 

A tool for keeping macro-
economic consistency 
among supply, demand 
and resource constraints, 
and for estimating macro-
economic impacts.  

A tool for people and 
industry’s demand 
generation processes, 
technology deployment, 
and their impacts on 
GHG emission.  

Request of more practical, realistic 
roadmaps and also tractable tools for 
decarbonized development strategies

Quantification of  
DCS scenarios

Decarbonized Development 
Actions and Roadmaps

Designing snapshot 
of DCS visions

Economic analysis 
of DCS

Engineering and financial analysis 
of DCS

Institutional and logical design of DCS

Extended snapshot 
tool (ExSS)



Thailand
Mid-century, Long-term Low Greenhouse Gas Emission Development Strategy (Revised Version)
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https://unfccc.int/sites/default/files/resource/Thailand%20LT-LEDS%20%28Revised%20Version%29_08Nov2022.pdf

Prof. Bundit Limmeechokchai
(Sirindhorn International Institute of Technology, Thammasat University)



Indonesia
Long-term strategy for Low Carbon and Climate Resilience 2050
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https://unfccc.int/sites/default/files/resource/Indonesia_LTS-LCCR_2021.pdf

Prof. Rizaldi Boer 
(Bogor Agricultural University)
Prof. Retno Gumilang Dewi and 
Dr. Ucok WR. Siagian 
(Bandung Institute of Technology)



CO2 emission pathways in Thailand using AIM/Enduse
unit: MtCO2
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CO2 emission pathways in Indonesia using AIM/Enduse
unit: MtCO2
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Assessment of GHG emissions pathways in Thailand using 
AIM/CGE
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CN2050

NZE2065

Note: Net GHG emissions are expected to reach 220 MtCO2eq in 
2050 & 140 MtCO2eq in 2065 in REF scenario, with the LULUCF sector 
contributing to a constant removal of 120 MtCO2 from 2037 onwards.

GHG Emission Trajectories in REF & CN2050 
Scenarios (includes emissions from Waste, Agriculture, 

Energy & IPPU Sectors)

Technology share of power supply

Salony Rajbhandari et al. (2024)
Decarbonization of Power Sector in Thailand to Achieve Carbon Neutrality by 2050
International Conference on Sustainable Energy (ICUE2024), Pattaya City, Thailand



Assessment of GHG emissions pathways in Thailand using 
AIM/CGE
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Salony Rajbhandari et al. (2024)
Decarbonization of Power Sector in Thailand to Achieve Carbon Neutrality by 2050
International Conference on Sustainable Energy (ICUE2024), Pattaya City, Thailand

GDP Carbon price



Final Goal: Realization of net-zero society 【Paris Agreement】

Power plan model

Transport model

Food demand model

Social, economic and cultural background

Available resources

Capacity development

Hourly electricity

supply & demand

Passenger & freight 

transport volume

Food demand & 

biomass

Macro analysis

consumption 

behavior

Production 

technology & 

negative emissions

ExSS

Development of scenario and roadmap toward

climate neutral society in Asian developing countries

In addition to macro 
description, detailed 
analysis is needed. 

Enduse
model

CGE model

From macro scenarios to detailed scenarios in ERTDF1-2202
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Analysis on GHG from passenger transport in 
Thailand
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REF

COVID

TransportPolicy

Historical

Scenario

Passenger transport volume in Thailand

REF: Reference scenario
COVID: COVID impact scenario 
TP: Transport modal shift policy scenario

TP                       

Achiraya Chaichaloempreecha et al. (2024)
Changes in Transport Demand and Modal Shift on GHG Emissions in Thailand
International Conference on Sustainable Energy (ICUE2024), Pattaya City, Thailand
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Analysis on GHG from passenger transport in 
Thailand
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GHG emissions from passenger 
transport in Thailand

Achiraya Chaichaloempreecha et al. (2024)
Changes in Transport Demand and Modal Shift on GHG Emissions in Thailand
International Conference on Sustainable Energy (ICUE2024), Pattaya City, Thailand

REF: Reference scenario
COVID: COVID impact scenario 
TP: Transport modal shift policy scenario



Food demand & GHG emissions in Indonesia
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Food demand under Business-as-Usual (BaU)
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Ultra 
processed food

Paddy

Fruits & vegetables

Poultry & Livestock

Seafood products

Grains & tubers
Nuts

Catering & 
Restaurant

In 2016, 

2,135
kcal/cap/day

Animal and 
vegetable oil

In 2040, 

2,823
kcal/cap/day

In 2060, 

2,913
kcal/cap/day(kcal/cap/day)

Annuri Rossita & Toshihiko Masui (2024)
Socioeconomic Impacts from Shifting to Sustainable Food Consumption towards Indonesia's Net Zero Emission
International Conference on Low Carbon Asia, Dalian, China



Food demand & GHG emissions in Indonesia
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LCCP + Sustainable and 

Healthy Diet 

Mitigation
activities

No mitigation
Agriculture sector mitigation activity following Indonesia Long-

Term Strategy (LTS)

Food 
demand

Conventional trajectory
Sustainable healthy 

consumption

Mitigation actions in Agriculture sector: 
- Rice field

a. Adoption of low-emission variety
b. Improved water use efficiency

- Livestock feed supplement
- Reduction of fertilizer use

Sustainable healthy consumption: 
- Increasing high-nutrient food
- The diet is mainly sourced from whole food, 

slower growth of processed food and non-home 
cook. 

- Smaller share of animal-source food

Annuri Rossita & Toshihiko Masui (2024)
Socioeconomic Impacts from Shifting to Sustainable Food Consumption towards Indonesia's Net Zero Emission
International Conference on Low Carbon Asia, Dalian, China

Agriculture GHG Emissions
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The 30th AIM International Workshop 
（Aug.28-29, 2024; Hybrid）

http://www-iam.nies.go.jp/aim/index.html

NDC and LTS

【Japan】

Government

Research institute
(AIM members)

MOEJ, Embassy, JICA

AIM team
(NIES, IGES, MHRT, 

E-konzal, ...)

Agreement between 
countries/regions

Other 
stake-

holders

Other 
stake-

holders

Policy needs
& requests Research requests

NIES: National Institute for Environmental Studies
IGES: Institute for Global Environmental Strategies
MHRT: Mizuho Research & Technologies

Provision of 
numerical results

Policy support

Research collaboration, 
Provision of AIM, 

Analysis support, Capacity 
development【Asian 

country/region】



Training Workshop to introduce AIM
for young researchers
Jan. 30-Feb. 1 2017, SIIT-TU, Thailand
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Support of policy dialogue
October 30, 2019, Bangkok, Thailand



In place of my presentation’s summary

• Asian developing countries are also requested to show pathways to 
achieve net-zero society. 
✓ There is still a gap between the net-zero pathway and the current actions. 

✓ Academic researches need to show

- significance and benefits of introducing more ambitious measures, 

- how to introduce more ambitions measures into the real society, and 

- consistency among countries' net-zero pathways in Asia and the world.

• Japan's emission reduction targets and efforts are also important to 
serve as a model for Asian developing countries.
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Appendix
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Extended Snapshot Tool (ExSS)
• Extended Snapshot Tool (ExSS) is an accounting type, static model consisting of 

simultaneous equations with about 6000 variables.

• It describes socio-economic activity, energy consumption, power generation, technology 
diffusion and GHG emissions in a future year.

• Coupled with waste and AFOLU model, it can show a comprehensive vision of a country or 
a region as a low-carbon 
society.

• Data requirement: Input-
output table, energy 
balance table, demography, 
and transport data in a base 
year. 
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Energy

Transport

DemographyEconomyExport by goods

Government 

expenditure

Investment

Import rate

Input coefficient 

matrix

Household size

Floor area per output
Freight generation 

per output

Transport distance

Modal share

Trip per person

Trip distance

Modal share

Energy service 

demand 

per driving force
Fuel share

Energy efficiency

CO2 emission factor

IO 

analysis

Output by 

industry

Number of 

household

Output of 

commercial 

industry

Commercial 

building floor 

area

Freight 

transport 

demand

Passenger 

transport 

demand

Energy service demand

Output of 

manufacturing 

industry

Exogenous variables

Parameters
Endogenous 

variables

Final energy demand

Energy demand

to DPG

Central power 

generation (CPG)

Energy demand to CPG

Primary energy supply

Dispersed power 

generation (DPG)

CO2 emission

Energy efficiency in 

DPG

Energy efficiency in 

CPG

Fuel share in CPG

Transmission loss in 

CPG

Own use in CPG

Energy end-use 

device share

Energy end-use 

device energy 

efficiency

Carbon sink

Private consumption

Population

in base year

Population

growth rate
Population



Overview of AIM/Enduse model
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Energy Energy ServiceEnergy Technology

• Coal
• Oil
• Gas
• Renewables
• Electricity

• Blast furnace
• Power generation
• Air conditioner
• Fluorescent
• Automobile

• Crude steel production
• Electricity demand
• Demand for heating and cooling
• Lighting 
• Passenger, freight transport

Flow of real world

Energy Consumption
CO2 emission

Technology
Selection

Energy Service Demand

• Energy type
• Energy price
• Energy constratins
• CO2 emission factor

• Technology cost
(Initial cost, running cost)
• Energy consumption
• Service supply
• Diffusion rate
• Lifetime

• Population growth
• Economic growth
• Industrial structure
• Employment
• Lifestyle

Energy Database Technology Database Socio-economic scenarios

Flow of simulation



Household

Production
sector

Market

Household: Maximizing utility 
under income constraint

Production sector: Maximizing 
profit under available technology

Market: supply and demand of every 
commodity/factor are balanced 
through price mechanism. 

supply＞demand → decreasing price
supply＜demand → increasing price

Available tech.

Preference
Available tech.
Endowment of 

factors

Equilibrium
price Production

Production 
factors

CGE model can show the 
economic impacts such as
carbon price, GDP change
etc. in the case of GHG 
emission reduction. 

Concept of AIM/CGE (Computable General Equilibrium)
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International
market

Government

Final cons.
Fixed cap. formation

Intermediate
demand

Collection of tax
Income distribution 

Trade

Trade 
balance

P

Q

Supply

Demand


