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Models in the IMCP

Computational general equilibrium 

models (CGE)

IMACLIM-R

Static equilibrium + 

recursive dynamics

Simulation models

E3MG

Initial value problems

Energy system models

MESSAGE-MACRO

GET-LFL

DNE21+

Cost minimization

Optimal growth models

ENTICE-BR  

FEEM-RICE

DEMETER-1CCS

AIM/Dynamic-Global

MIND 1.1

Welfare maximization

Bottom UpTop DownCalculus

Technological detail
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IMCP Scenario Definitions

no TC

endogenous TC

time

costs per capacity

BaselineBaselineBaselineBaseline

Policy Scenario Policy Scenario Policy Scenario Policy Scenario with ITCwith ITCwith ITCwith ITC

induced induced technological changetechnological change

endogenous TC

time

costs per capacity

Policy Scenario Policy Scenario Policy Scenario Policy Scenario without ITCwithout ITCwithout ITCwithout ITC

baseline TC

time

costs per capacity
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Mitigation Costs with ITC
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Mitigation Costs without ITC
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Mitigation Costs as a Function of 

Cumulative CO2 Reduction

Source: Edenhofer, Lessmann et al. 2006
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Mitigation Costs without ITC relative to 

corresponding CO2 reductions

Source: Edenhofer, Lessmann et al. 2006
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Stabilisation at 400ppm CO2

Source: Edenhofer, Lessmann et al. 2006
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Mitigation Costs – Result I

• Induced Technological Change reduces the 
mitigation costs

• Mitigation costs increase with stabilisation levels 
despite ITC

• The “typical” IMCP model derives mitigation 
costs below 1 % of gross world product for 
stabilisation scenarios of 450 - 550ppm CO2.
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Cumulative CO2 Reduction for 550ppm 
Stabilization Scenario

Source: Edenhofer, Lessmann et al. 2006
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Change of the Mitigation Strategy when ITC is 

Disabled in the 550ppm Scenario

Source: Edenhofer, Lessmann et al. 2006
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Energy Intensity/Carbon Intensity with ITC

Source: Edenhofer, Lessmann et al. 2006



Department of Global Change & Social Systems

Energy Intensity/Carbon Intensity without ITC

Source: Edenhofer, Lessmann et al. 2006
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Energy System

2000

Source: Edenhofer, Lessmann et al. 2006
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Energy System

2050

Source: Edenhofer, Lessmann et al. 2006
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Energy System

2100

Source: Edenhofer, Lessmann et al. 2006
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Energy System and Hybrid Models
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Captured CO2 and Total CO2 Emissions
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Carbon Capturing and Sequestration 
over the course of the century

Source: Edenhofer, Lessmann et al. 2006
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Mitigation Strategies – Result II

• Induced technological change works more towards decarbonisation 
of energy rather than reducing energy intensity of output.

• Backstop Technologies (mostly modelled as renewable energy 
technologies) are crucial for achieving low emissions at low costs.

• Some models show extensive use of Carbon Capturing and 
Sequestration (CCS) as temporary solution. CCS as an end-of-pipe 
technology allows postponing the introduction of the backstop 
technology in some models.

• Some models with backstop technologies and CCS show path 
dependent behaviour.
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Shadow Price with ITC

Source: Edenhofer et al. 2006
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Shadow Price without ITC

Source: Edenhofer et al. 2006
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Carbon Tax with ITC

Source: Edenhofer et al. 2006
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Carbon Tax without ITC

Source: Edenhofer et al. 2006
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Different formulatios of 

backstop technology

time, cumulative investments, ...

marginal costs of energy

2

3

endogenous backstop price
endogenous resource price

exogenous backstop price

1
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Sensitivity Analysis for MIND – GWP

Energy sector

Resource extraction

Macro-economy
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Sensitivity Analysis for MIND

Mitigation mix
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The Role of TC in the Extraction Sector

Size of the resource

base [GtC]

Functional dependency

of cumulative extraction and their costs

cubic

linear

quadratic
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End-of-pipe and backstop
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Impact of Resource Extraction
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Impact of Energy Sector
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Sensitivity Analysis for MIND

• Technological Change in the fossil fuel sector is 
crucial in determining the opportunity costs of 
climate protection

• For a realistic estimations of costs and strategies, 
TC in the following sectors is crucial:
– Backstop technologies

– End-of-pipe technologies

– Extraction and exploration sector
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Economic Risks of Mitigation

• Expectations about investment decisions

• Backstop technologies 

• ETC in the fossil fuel sector

• End-of-the-pipe technologies


