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Objective
▪Explore low-emission pathways in 11 major economies

▪Focus both on developed and developing countries

▪Assess low-carbon strategies that are common across 
countries and whether some options are country-specific

▪Explore consistency of national low-carbon scenarios with 
the global pathways consistent with the Paris Agreement

▪ Inform the development of country low-carbon strategies
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Methodological approach
▪ Modelling from teams from eleven G20 countries who:

▪ Regularly support domestic policymaking in energy and climate policy

▪ These countries represent more than 87% of global CO2 emissions in 2015
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National Team Models Country Model type

CSIRO TIMES-AUS Australia Energy system

COPPE BLUES, COFFEE Brazil Integrated Assessment

ECCC GCAM-Canada, EC-MSMR Canada Energy system, Macro-economy

NCSC, ERI PECE China Integrated energy system 

E3Modelling PRIMES EU-28 Energy system

TERI MARKAL India Energy system

BAU, CREP-ITB ExSS, AFOLU Dashboard Indonesia Energy system, AFOLU, waste 

NIES AIM/Enduse [JPN] Japan Energy system

HSE TIMES-RUS, ROBUL/ CBS-CFS3 Russia Energy system, Forestry

UOS TIMES, AIM-Korea South Korea Energy system

PNNL GCAM USA Integrated Assessment



Methodological approach (2)

▪ State-of-the-art national models are used:

▪ Extensive use in climate policy assessments (i.e. for the EC, IPCC reports etc.)

▪ Represent national specificities, policy priorities and technology options 

▪ They incorporate a detailed representation of energy-land systems and 
capture elements that are difficult to integrate in global models

▪ High policy relevance of scenarios as they take into account national priorities 
and general considerations (i.e. economic growth, SDGs)

▪ They can thus simulate the future energy system evolution of a country under 
different policy assumptions with improved realism
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Methodological approach (3)
▪ Two key scenarios are analysed in each country

▪ A “Reference” scenario based on current policies, but assuming no policy 
strengthening

▪ A “Low-Carbon” scenario based on the achievement of NDC and increased 
policy ambition beyond 2030 to ensure transition to a low-emission economy

▪ The scenario results are analysed in country-level factsheets (already 
published) providing relevant energy-emission-economy indicators and 
building on the Talanoa dialogue questions (“Where are we?”, “Where do we 
want to go”, “How do we get there?”)

▪ Country-specific topics are also explored, i.e. with regard to nuclear and LNG 
(Japan, Korea), hydrogen (EU), Investment and Finance (China, India), 
Sustainable Agriculture (Brazil)
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CO2 reduction achieved in Japanese scenario 
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GHG emissions in 2015 and by 2050 in 
the reference scenario, emission 
reductions between the reference and 
the low-carbon scenario by sector and 
2050 emissions in the low-carbon 
scenario (consistent with 2°C). 

Most of CO2 reductions are 
achieved in the electricity and 
transport sectors
Drivers: increased RES share, phase 
out of coal and oil, uptake of CCS 
and electric cars
Limited contribution from non-CO2



CO2 pathways in India
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GHG emissions in 2015 and by 2050 in 
the reference scenario, emission 
reductions between the reference and 
the low-carbon scenario by sector and 
2050 emissions in the low-carbon 
scenario

CO2 mitigation comes mostly from the 
energy supply 
Key driver: reduced coal in power 
generation, uptake of RES
Limited contribution by buildings 
However, emissions still increase from 
current levels driven by economic and 
population growth



EU transition to deep decarbonisation
▪ “No-regret” options include:

▪ Energy efficiency improvement in all 
sectors 

▪ Expansion of RES (RES share ~50% in 2050)
▪ Electrification of energy uses (electricity 

share close to 50% in 2050)
▪ EVs and advanced biofuels in transport, 

heat pumps in buildings, electricity storage

▪ To move towards “carbon-neutrality”, 
additional options are needed:
▪ Hydrogen and clean e-fuels
▪ Deep building retrofits
▪ Material efficiency/circular economy
▪ Sector coupling and market integration
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Question 1: Are national strategies consistent with the long-term Paris 
climate targets?

▪ All National low-carbon strategies 
show CO2 budgets that are within 
the range projected by leading IAMs 
in cost-optimal “well-below” 2oC 
(1000 Gt global carbon budget)

▪ Exception: India. Why?
▪ Universal carbon tax implies higher 

mitigation effort for developing 
countries

▪ Higher GDP growth in TERI-MARKAL 
model than in global IAMs

▪ Explore effort-sharing principles?
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Question 2: Key decarbonization options for countries
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COMMON OPTIONS:
1. Energy efficiency improvements in 

all end-use sectors
2. Significant expansion of RES in 

power generation
3. Electrification of final energy 

demand (heating + mobility)
4. Large improvement in CO2 

intensity of electricity production
The role of specific options may differ 
by country:
Nuclear and LNG in Japan/Korea 
Hydrogen, e-fuels in EU
Non-CO2 and LULUCF mitigation in 
Brazil and Indonesia



Conclusions (1)
▪ National-level models capture country specificities and show that 

different technological options can be used, based on policy priorities, 
domestic energy resources and broad socioeconomic considerations

▪ Country specificities and policy priorities play a key role in designing 
nationally-relevant low-emission strategies and have to be 
consistently integrated in the quantitative assessment of low-carbon 
transition pathways

▪ Different starting points and divergent dynamics of economic growth 
and energy systems’ evolutions lead to differentiated low-carbon 
transition pathways by country
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Conclusions (2)
▪Low-carbon scenarios of most major economies are consistent 

with a pathway limiting global warming to well-below 2°C

▪National scenarios illustrated that, in a low-carbon context, the 
major economies investigated will:
▪ Improve their energy and carbon efficiencies across sectors

▪ Diversify their energy and electricity mix towards low-carbon sources
▪ Use a variety of mitigation options towards decarbonisation

▪ Indicators useful for monitoring mitigation ambition by country
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Conclusions (3)
▪ The key decarbonization pillars common to all countries are:

▪ Expansion of RE sources in both power (mainly PV and wind) and in the 
transport and heating uses (RES shares higher than 50% in developed)

▪ Accelerated energy efficiency improvements in all demand sectors

▪ Electrification of final energy demand, both in mobility and in heating end-uses 
(the share of electricity in final energy demand increases from the current 
global average of 20% to between 25-80% depending on the country)

▪ Our national-level analysis illustrates that the deployment of options 
(i.e. CCS, nuclear, advanced biofuels, hydrogen, synthetic fuels) 
depends on national specificities, policy considerations and priorities
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Thank you very much!
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For additional information please 
contact the author team


