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Background 

Model Total Regions European 

Regions 

Economic 

Theory 

Open Source 

REMIND 21* 8 EU regions Energy-economy 

general equilibrium 

(Ramsey-type 

growth model 

coupled with an 

energy system 

model); cost 

optimisation 

solution 

Yes (with 

dependency on 

GAMS) 

MESSAGE 11 2 european regions 

(including both EU 

and non-EU 

countries) +1 

region for Former 

Soviet Union 

5-module 

modelling 

framework with an 

energy system 

basis, and a general 

equilibrium 

approach; 

optimisation 

solution 

Yes (with 

dependency on 

GAMS) 

IMAGE 26 2 european regions 

(including both EU 

and non-EU 

countries) + 1 

region for Ukraine 

+ 1 region for 

Russia 

Partial Equilibrium; 

Simulation solution 

No 

WITCH 13 2 EU regions + 1 

non-EU region 

Inter-temporal 

optimal growth 

model; general 

equilibrium; 

optimisation 

solution 

Yes (with 

dependency on 

GAMS) 

POLES 66 27 regions for all 27 

EU countries + 

Individual regions 

for Norway, 

Global sectoral 

simulation model 

No 



Switzerland, 

Iceland, Turkey, 

Russia, Ukraine 

COFFEE 18 2 european regions 

(including both EU 

and non-EU 

countries) + 1 

region for Russia 

Linear 

programming 

optimization model 

No 

AIM 17 1 EU + 1 Rest of 

Europe + 1 Turkey 

+ 1 region for 

Former Soviet 

Union 

Computable 

general equilibrium 

No 

GCAM 32 2 EU regions +  1 

EFTA + 1 Ukraine 

+ 1 non-EU Europe 

Partial Equilibrium 

recursive dynamic 

Yes** 

TIAM* 36 2 european regions 

(including both EU 

and non-EU 

countries) +1 

Former Soviet 

Union 

Partial Equilibrium  

welfare cost-

optimization 

The TIMES source 

code is open; 

dependecies on 

GAMS and the 

VEDA software for 

input/output 

handling 

GEM-E3 46 27 regions for all 27 

EU countries + 1 

region for Rest of 

Europe, + 

Individual regions 

for the UK, Turkey, 

Russia 

Recursive dynamic 

computable general 

equilibrium  

No (ongoing efforts 

to open the source 

code); reliance on 

GTAP 

EPPA  18 1 region for EU-27 

including Croatia, 

Norway, 

Switzerland, 

Iceland and 

Liechtenstein 

(capabilities for 13 

regions in the EU) 

Computable 

general equilibrium 

No 



C-ROADS Aggregations at 3, 

6, and & 7 regions 

1 region for the EU System dynamics 

simulation 

No (available only 

as an online 

simulator) 

MERGE-ETL 10 1 region for EU29+ 

+ 1 region for 

Russia 

General 

Equilibrium; 

Intertemportal 

optimisation 

No 

 

Table S1: Overview of major IAM models 

 

*REMIND features configurable spatial resolution; the 21-region setting (including 8 EU regions) corresponds to 

recent applications of version 3.3.1 (Schreyer et al. 2025). 

Table S1 highlights a gap in terms of fully open-source models (including the execution environment) with a high 

regional disaggregation at the EU-level, including representing all EU member states separately. Although 

GCAM-Europe aims to fill this gap, it should be noted that country-level formulations are not necessarily always 

the preferred option. IAMs may deliberately adopt a sub-regional EU aggregation to balance regional detail with 

global model scope for policy assessment, especially in the light of potential computational limitations. In this 

context, GCAM-Europe should be seen not as a substitute for existing aggregated EU representations, but as an 

additional tool of the climate-economy modelling community that enables Member State–level analysis within a 

globally consistent framework, while remaining computationally tractable for policy applications. 

 

 

  



Additional results 

 

 

Figure S1: GDP by period, region, and scenario (Million$1990). Panel A compares GDP projections 

between the GCAM-Europe and the core baseline scenarios. Panel B shows population projections by European 

country in the GCAM-Europe baseline. 

 

 

 

 

 

 

 

  



 

Figure S2: Total primary energy by period, fuel and country (EJ) in the GCAM-Europe baseline 

scenario. 

 

  



 

 

Figure S3: Total final energy in 2050 by fuel, region, period, and scenario. The top panel shows total final 

energy for the European continent (EJ). The bottom panel shows the share of different fuels in each country's 

final energy mix in the GCAM-Europe baseline scenario (%). 

 

 

 

 

  



 

 

Figure S4: Adoption of heat pump technologies by region and period in the GCAM-Europe baseline 

scenario (EJ). 

 

 

  



 

Figure S5: Total final energy by period, fuel and country in the GCAM-Europe baseline scenario (EJ). 

  



 

Figure S6: Electricity generation in Europe by period and scenario (EJ). 

  



 

Figure S7: Share of electricity in total final energy by scenario, region, and period. The top panel shows 

shares for the European continent and the five core European regions (%). The bottom panel shows the share of 

electricity in each country's final energy demand in the GCAM-Europe baseline scenario (%). 

 



 

Figure S8: Share of electricity in total final energy by scenario, region, period and sector (%). 

 



 

 

Figure S9: weight of different sources in each country's final electricity mix (%) in the GCAM-Europe 

baseline in 2015 (top) and 2030 (bottom). 

  



 

Figure S10: Electricity generation in 2050 by period, fuel, segment and country (EJ) in the GCAM-

Europe baseline scenario. 

 

 

  



 

 

Figure S11: CO2 emissions by country and period in the GCAM-Europe baseline scenario (MTCO2) 

 

 

  



 

Figure S12: Trade dynamics by country and commodity for 2050 in the GCAM-Europe baseline in 2015 

(top) and 2030 (bottom) 

  



 

Figure S13: Comparison of model simulations with real-world and projected values for Bioenergy, CCS 

and Nuclear energy in the EU-27. For Bioenergy, the observed value refers to 2024 due to lack of data for 

2025. 

 

 

 

  



CO2 market GCAM region 2020 2025 2030 2035 2040 2045 2050 

European 

Union 
EU27 countries 191 308 349 374 412 478 532 

EFTA 
Iceland; Norway; Switzerland; 

UK 
72 284 323 376 416 483 535 

Other Europe 

Albania; Belarus; Bosnia and 

Herzegovina; Macedonia; 

Moldova; Serbia and 

Montenegro; Turkey; Ukraine 

51 40 51 90 213 296 351 

China China; Taiwan 68 58 62 155 212 272 383 

India India; South Asia 2 0 0 123 187 239 301 

Jap & Kor Japan; South Korea 15 237 305 398 432 558 706 

Latin America 

Argentina; Brazil; Central 

America & Caribbean; 

Colombia; Mexico; South 

America Northern; South 

America Southern 

25 187 191 281 313 396 416 

MENA Africa Northern; Middle East 0 75 162 217 220 269 321 

Russia & 

Central Asia 
Russia; Central Asia 0 34 62 111 205 299 393 

South-East 

Asia 
Indonesia; Southeast Asia 0 0 38 159 241 300 333 

SS Africa 

Africa Eastern; Africa 

Western; Africa Southern; 

South Africa 

0 24 85 152 213 318 416 

US & Canada 

& Aust 
Australia_NZ; Canada; USA 131 255 311 402 448 443 439 

 

Table S2: Carbon prices in the "policy" scenario (2015$/tCO2) 

 

 

 


