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Why coupling two models?

different questions or
Many different energy models analysis different facets of the

same question

Coupling = Enhance the description of world energy system 
by combining the strengths of the two models : 

1. Detailed technological representation of the energy 
system of ETSAP-TIAM allowing the endogenous 
computation of (amongst others) technology decisions, 
energy consumption and prices

2. Explicit representation of the main economic factors 
(labor, consumption, capital, etc.) and their impacts on 
the GDP and sectoral activities (among others, the 
industrial production and trade of industrial products), 
provided by GEMINI-E3
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GEMINI-E3
• General Equilibrium Model

• 28 countries/regions

• 18 sectors
• CO2 and other GHGs

• Reference year 2001, based on 
GTAP database

• Time horizon 2001- 2050
• Website: http://www.gemini-e3.net/

• Technology rich, inter-temporal
• Partial equilibrium representing the entire 

energy system
• 42 demands for energy services 
• 15 regions linked by trade of energy + 

emissions
• CO2 and other GHGs
• Climate module
• Reference year 2005, based on IEA 

Energy Statistics 
• Time horizon 2005-2100
• Website: www.etsap.org/documentation

ETSAP-TIAM

GDP
Sectoral outputs

��� � Used to compute 
the demands for 
energy services

Energy mix
Energy prices

Investments cost
CO2 price
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Scenarios

Reference point for 
all the analysis

Respective 
contribution of 
regions to the 
global emissions
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Scenarios (cont’d)

World climate agreement (first-best solution) – TIAM
Three different climate targets: 3.5 – 4.0 – 4.5 W/m2 during the 
2005-2100 horizon (no overshooting)

To define a “tolerable global emission budget” to share 
between the different regions: game analysis
To identify the major technology/energy decisions: 
base for technology agreements?

Partial agreements (second-best solutions) – Coupled  
TIAM-GEMINI-E3
� Energy intensive sectors only (upstream, power, industry) 
� Power sector only

Higher acceptability by developing countries?
Risks of emission leakages and industrial displacement?
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Estimation of a tolerable climate window 
(TIAM alone)

Assuming a World climate 
agreement between all countries 
and full technology cooperation

• Only the smallest radiative forcing is 
compatible with a 2ºC target by 2100

• Long term convergence of emissions: 
less severe target ��� � delay in the 
emission reduction

• Costs (net present value): from 0.3 to 
1.3% of the GDP (net present value)

Temperature increase (ºC) 
(with Climate Sensitivity 2.9ºC)
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Overview of technology 
and energy decisions

Towards an almost CO2-free power sector
• CCS + Renewable + Nuclear?
• Powerful role of biomass power plants with CCS (negative emissions)

Uncertainties
• Future installed nuclear capacity (200 GW in China by 2050)?
• More ambitious climate target (AOSIS, James Hansen)?
• Climate sensitivity higher than 2.9ºC?
• Future emissions related to agriculture practices?

World electricity production - 3.5 W/m2 (GWh)
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Crucial role of developing countries

Participation of developing countries
• High future emissions = high contribution to global reductions
• Additional investments in China and India = more than 25% 

of the World investments
• Required to satisfy any severe climate target

Who acts � Who pays
• CDM, technology transfer, burden-sharing

High macro-economic costs (GEMINI-E3) for
• Energy exporting regions like Middle East, FSU, Africa 
• Regions with a strong energy intensive industry
• Developing countries
� Burden-sharing is crucial (next presentation)
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Estimation of partial agreements 
(Coupled TIAM-GEMINI-E3)

Climate agreement limited to…
S2: the energy intensive industries in non-OECD countries
S2B: the power sector of non-OECD countries

Motivation
To avoid penalizing too much the households of these countries 
While limiting the loss of competitiveness of industrialized countries (in S2)

Consequence for climate
The 2ºC target is not feasible if only the power sector of non-OECD countries 
is involved (S2B) � Mitigation in non-power sectors and participation of 
developing countries in any future climate agreement are crucial

Macro-economic impacts
Better welfare in developing countries compared to the full cooperation
Smaller costs of S2b (less severe target) � trade-off between climate 
impacts and economic costs of mitigation policies
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Non-OECD
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Estimation of partial agreements
Concentration of the 
mitigation efforts in a reduced 
part of the total economy

• Strengthening of the available mitigation 
options

• Technology cooperation related to 
CCS and renewable is even more 
important in such cases

• Higher cost of the energy system 
in both OECD and Non-OECD countries

• Higher price of CO2
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Estimation of partial agreements

Leakage of emissions and displacement of 
activities are observed, but they remain moderate

• In all cases: Slight displacement of energy intensive activities to 
regions with high potential of clean energy and technologies

• When energy-intensive sectors are not included in the climate 
agreement: Additional displacement of energy intensive 
industries and gas extraction to Non-OCED regions - Africa and 
Middle-East for industry, Former Soviet Union and Africa for 
gas, not so much in India and China

• However, the reduction of the oil extraction activities 
compensates for the increase of emissions of industry and gas 
extraction

• No rebound of oil consumption in Non-OECD regions
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Conclusion

• The coupling works ! Crucial (and not easy): Connections 
between the two models (regions, energy commodities, 
sector of activities)

• Partial climate agreements are feasible, possibly more 
acceptable by developing countries, but not without 
consequences in terms of climate policies

• Participation of developing countries, especially C hina 
and India, is crucial to satisfy severe climate targets (2ºC)

• Need for technology cooperation (CCS, renewable power 
generation, but also industrial processes, possibly clean 
vehicles)

• Trade-off between climate targets and costs ?
• Need for sharing the efforts � next presentation



13

������������������������Coupling Technology-Rich TIAM – General Equilibrium GEMINI-E3

Thank you !

Contacts

TIAM
maryse.labriet@gmail.com
richard.loulou@gmail.com

GEMINI-E3
marc.vielle@epfl.ch
ldrouet@gmail.com
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Appendix
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Reference Energy System of TIAM
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Regions of TIAM

Africa*
Australia-New Zealand
Canada
Central and South America*
China

Middle-East*
Other Developing Asia*
South Korea
United States
Western Europe

* OPEC and Non-OPEC countries are separated in primary and secondary sectors 
� appropriate modelling of oil production strategies and oil price control by OPEC countries 

Eastern Europe
Former Soviet Union 
India
Japan
Mexico
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Connecting the models: 
regions, sectors and commodities

• Choose a common regional aggregation level

TIAM GEMINI-E3
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Connecting the models: 
regions, sectors and commodities

• Create connections between the two activity classifications (the two models are 
based on two different data sets)

• Additions of activity sectors in GEMINI-E3: hydrogen, biomass, adjusted 
share of other non-fossil fuels.
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Connections
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Connections
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Coupling Algorithm

Starting point: harmonized models (GDP, POP, energy prices)
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Electricity production, S1 and S2
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Electricity production, S2B
Electricity production - S2B - World
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Some macro-economic effects (S1) 
(from GEMINI-E3)
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• Energy exporting countries: loss of terms of trade

• Other affected countries: where the energy intensive industry is strong
• Importing countries / high energy efficiency: smaller costs
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Example: the Iron&Steel sector (S1)

Variations (Coupled models vs Reference) of Iron 
and Steel Production in 2050 (%)
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Macro-economic impacts
(surplus in % of households final consumption)

• S2 more costly for developed countries than the full coop (S1), since the CO2 price is 
higher

• Developing countries are better : households are exempted from carbon taxation and 
benefit from the decrease of fossil fuel prices vs Reference

• Energy exporting countries are especially better since the World energy consumption 
does not decrease so much

• S2B: smaller costs (more acceptable?), but less strict environmental target
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