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Disruptive Technologies: Model-based Scenario Analysis of Decarbonisation and 
National Security Risks in the Indo-Pacific

• In a fossil fuel dominated energy system, issues such as control over reserves have been identified as key risks for 
security of supply.


• Policies implemented by governments in response to climate change have important implications for energy 
security of supply:


๏ Changes in the ratio of different fuels.

๏ Changes in volumes of fuels trade.

๏ Emergence of potentially disruptive technologies, such as CCS, hydrogen, and storage options.


• There are important uncertainties about levels of climate ambition, and decarbonisation pathways.


• Response: 

๏ Model decarbonisation pathways, accounting for different:


✴ Level of ambition of decarbonisation;

✴ Technology options;

✴ Underlying factors such as population and GDP growth. 


•  Focus:

๏ CCS vs. firmed renewables within decarbonisation trajectories.

๏ (Australian) major trading partners’ imports of coal and gas.
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Global Change Analysis Model

• Open source model developed Pacific 
Northwest National Laboratory.


• Market equilibrium model for 1990 to 
2100 with five-year increments.


• Approach:


• Select a CO2 trajectory consistent 
with a given temperature increase.


• Impose a carbon price to achieve 
given trajectory.


• Allow for differences in technology 
availability, cost, or other factors, 
along with GDP/population etc. to 
determining optimal 
decarbonisation pathway globally.
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Global Mean Temperature by Level of Climate Ambition

• Concentration pathways are consistent with global radiative forcing of 2.7°C and 1.8°C in 2100.

• GCAM model achieves these pathways by imposing a carbon price to increase the costs of emissions intensive fuels.


๏ The use of carbon price is shorthand for a suite of policies governments are likely to use in order to achieve 
different levels of climate ambition. 
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• We also examined the role of thermal coal and gas in transition pathways of the People’s Republic of China, Japan, 
South Korea, and India under different levels of climate ambition, and with different technology options (CCS, 
firmed renewables).

Scenario 1: Coal and Gas Use in the PRC, Japan, South Korea, and India   



Coal Use in Selected Indo-Pacific Countries 
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China Japan 

• Coal exits in the near term across all scenarios.

• More (global) climate ambition means more rapid near-term exist.

• Capping CCS options and/or allowing for more firmed RE, reduces coal further in medium-term.



Coal Use in Selected Indo-Pacific Countries 
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South Korea India 

• Coal exits in the near term across all scenarios.

• Large difference in coal use in India under ambitious scenario in which CCS is capped, and RE available at scale.
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Gas Use in Selected Indo-Pacific Countries 
China Japan 

• More differences in gas use.

• For China, much less gas will be used if CCS is limited and RE storage options are available.

• For Japan, gas use falls across scenarios. But much less gas will be used be used if CCS is not available and/or 

storage options are available.
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Gas Use in Selected Indo-Pacific Countries 
South Korea India 

• More differences in gas use.

• South Korea is similar to Japan. Much less gas is used if CCS is limited and RE storage options are available.

• For India, gas remains a near-term option, but much less gas will be used be used if CCS is limited and RE storage 

options are available.
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• GCAM modelling suggests we should expect a near-term drop in thermal coal use by major APAC economies. 


• Introduction of new technology options (capped CCS/more firmed RE) leads to deeper/more rapid falls.


• GCAM modelling suggests gas use by key trading partners is strongly affected by the availability of CCS and 
limited availability of firmed RE, coupled with the overall level of global climate ambition.


• Extension: fuel mix is strongly determined and mix of security of supply risks depends strongly on secondary 
technology availability.


• Less CCS and more RE storage options shift supply chain risks more rapidly from coal/gas to 
renewables.

Summary of Results
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Scenario 2: Energy Mix in Electricity Generation in the PRC, Japan, South 
Korea, and India 

• Decarbonisation scenarios suggest electrification is an important factor in the overall decarbonisation of energy 
systems.


• We considered the energy mix used for electricity generation in the PRC, Japan, South Korea, and India.


• The purpose of the analysis is to examine how the energy mix changes as global climate ambition increases, and 
how this is affected by technology availability. 


• The analysis accomplishes this by comparing the electricity generated via different fuels and technologies in the 
ambitious scenario with that of the less ambitious scenario, under different technology assumptions.



Change in Electricity Generation: China
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China: Ambitious Climate Scenario 
Less Renewables, More CCS 

China: Ambitious Climate Scenario  
Firmed Renewable Energy, Low CCS 

• Once again, as ambition grows coal exist as climate ambition increases.

๏ Some new coal as CCS is available at scale. 


• Large overbuilt in firmed renewables as CCS is capped and capacity factor of RE increases.

๏ More electrification of heating/other energy services.

๏ Overbuild with curtailment can be optimal from cost perspective in managing remainingintermittency problem.
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Japan: Ambitious Climate Scenario 
Less Renewables, More CCS 

Japan: Ambitious Climate Scenario  
Firmed Renewable Energy, Low CCS 

Change in Electricity Generation: Japan
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South Korea: Ambitious Climate Scenario 
Less Renewables, More CCS 

South Korea: Ambitious Climate Scenario  
Firmed Renewable Energy, Low CCS 

Change in Electricity Generation: India



Change in Electricity Generation: India
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India: Ambitious Climate Scenario  
Less Renewables, More CCS 

India: Ambitious Climate Scenario  
Firmed Renewable Energy, Low CCS 
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• The results highlight a direct trade-off between CCS and renewable energy with storage.


• As global climate ambition increases in China, coal with CCS grows, along with nuclear power, solar photovoltaics, 
and wind power. 


• Low deployment of CCS, on the other hand, see a much larger deployment of solar PV and wind power.


• Similar amounts of nuclear power build between the two scenarios.


• Similar results can be seen in the other countries. 

Summary of Results



Overall 
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• GCAM results suggest changes in coal and gas use in major energy importers in the Indo-Pacific – China, Japan, 
India, and South Korea - are strongly dependent on three factors: 


๏ The global level of climate policy ambition; 


๏ The available technology options supporting decarbonisation, such as carbon capture and storage, and 
options for firming renewables such as batteries and pumped hydro; 


๏ Available resources in each country, including land, solar irradiance, wind, and carbon storage sites.

• The countries we examined all increased the use of solar and wind in the electricity mix.


๏ Countries will increase their exposure to supply chain risks associated with solar, wind, and firming technologies 
as they decarbonise. 


• There are large uncertainties in the technology pathways as they decarbonise.


๏ Information and markers on regional decarbonisation pathways are crucial for understanding risks and 
opportunities as the region decarbonises. 


