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► Distribution of implied carbon price projections in model-
based climate policy assessments

Background

Source: IPCC (2014)
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► GHG/CO2 emission reduction ambition or global temperature 
targets 

► Globally comprehensive vs regionally differentiated targets 
and carbon prices

► The modelling methodology used
► Different socio-economic assumptions 
► The impact of complementary policies (i.e. energy efficiency 

standards, RES expansion policies, changes in lifestyles, 
nuclear phase-out, limitations in CCS)

► The timing of climate policies (i.e. delayed vs immediate)
► The impact of assumptions for Negative Emission 

Technologies like Bioenergy with CCS, Afforestation, and 
others

Carbon prices depend on
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► Global Impact Assessment Models (IPCC)
 Energy, land-use, GHG emission pathways, CDR
 Low (no) resolution of economic sectors
 Low resolution of regions
 Uniform carbon price as a proxy for policies
 (Often) perfect foresight
 Long-term
 Global mitigation costs

► Cannot assess effects such as EU-ETS interlinkages in the medium 
term
 Impacts of different carbon prices 
 Carbon leakage
 International interrelations of the EU ETS 

Different models for different questions
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GINFORS-E – Overview
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GINFORS-E – Country models

Exogenous: Population, raw material prices, exchange rates, 
interest rates

Country models
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for 36 sectors

Demography

Persons 
between 20 und 

65 

Labor force

Economy

Components 
of GDP + 

structural data

Employment

Labor market

Energy

Energy 
balances + 

prices 

Energy 
consumption

Emissions



 2020 GWS mbH Page 9 Osnabrück, March 2020

► Building on TINFORGE model (Macro models and trade)
► Bilateral trade shares (e.g. what is the value share of German cars in US car 

imports) 
► econometrically estimated by 33 goods groups and 154 countries:

 Relative prices (e.g. export prices for German cars / import prices for cars to the USA)
 Time trends

GINFORS-E – World trade

► Changes in the cost situation at the 
level of 36 economic sectors are 
transferred to world trade, changing 
sectoral production and value added 
as well as GDP

► Explicit mapping of CO2 prices (ETS 
and non-ETS)
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► World trade: COMTRADE for 154 countries
► Economic Structures: Harmonized OECD input-output tables for 64 countries from 

2005 to 2015 
► Energy and energy-related emissions: Energy balances and corresponding IEA 

emissions for 64 countries plus the rest of the world (from 1990)
► Macro models 

 (demography
 and macroeconomic data) 

for 80 countries (UN, OECD,
Eurostat)

GINFORS-E – Data sources and coverage

Country coverage GINFORS-E
IO Model
Trade
Rest of World
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► Economic structures: Harmonised IO tables of OECD 64 countries and one region 
Rest of world for 2005 to 2015 
 36 homogenous industries
 Cost structure
 Supply structure

GINFORS-E – Data sources and coverage
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► Model families – main differences 
(Source Wuppertal-Institute et al. 2018)

Modelling approach
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► Global macroeconometric model
► Myopic agents
► Non-equilibrium (positive macro impacts possible)
► Bilateral world trade by 33 groups of goods (20 industries)
► Country models for 64 countries and the rest of the world:

 Macro model plus IO model
 Energy model linked to the economic model part

 Energy balance (IEA, 19 energy sources)
 Energy source prices (IEA)
 Bottom-up technologies for the energy sector

► Central role of relative prices: Economic effects of 
energy/carbon price changes are captured with various 
feedback effects

GINFORS-E
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GINFORS-E – IO model
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► Final demand:
 Domestic demand mainly driven by macro model 

(consumption, investment)
 Consumption demand system currently developed
 Exports from trade model ( = imports of other countries)

GINFORS-E IO model

Final demand

Final 
consumption 
expenditure of 
households

Final consumption 
expenditure of non-
profit institutions 
serving households

Final 
consumption 
expenditure of 
general 
government

Gross Fixed 
Capital Formation

Changes in 
inventorie
s

Direct 
purchases 
abroad by 
residents 
(imports)

Direct purchases 
by non-residents 
(exports) Exports (cross border)

Imports 
(cross 
border) Total

Product 1, domestic cs cs cs cs cs cs cs f(egss) trade model SUM
… f(egss) trade model SUM
Energy products 2, 9, 21 domestic Ebil Ebil Ebil Ebil Ebil Ebil Ebil f(egss) trade model Ebil SUM
… f(egss) trade model SUM
Product n, domestic cs cs cs cs cs cs cs f(egss) trade model SUM
Product 1, import imq imq imq imq imq imq imq f(egss) trade model SUM
… f(egss) trade model SUM
Energy products 2, 9, 21 import Ebil Ebil Ebil Ebil Ebil Ebil Ebil f(egss) trade model Ebil SUM
… f(egss) trade model SUM
Product n, import imq imq imq imq imq imq imq f(egss) trade model SUM
Total final expenditure f(HCES) f(HCES) f(GCES) f(GFCF) f(CIES) f(IGSS) f(EGSS) SUM f(IGSS) SUM

cs = constant shaes
Ebil = Energy balance
imq = import shares
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► Intermediate inputs:
 Separately for domestic and imported inputs
 Energy rows from energy balance
 Specific technology detail for shift to electric vehicles (based on 

earlier studies)
 Some exogenous technological trends
 The other coefficients are constant

► Production:
 Leontief: y = (I-A)-1 * f
 Domestic final demand + domestic intermediate demand
 Different factor demand functions (labor, energy)

► Prices:
 Driven by unit costs: weighted average of input prices plus 

wages relative to gross production for each of the 36 industries 

GINFORS-E IO model
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► Economic activities (GDP, consumption, production by industry), prices and 
technical trends drive the energy balances in physical terms

► Aggregated energy carriers from the EB drive the respective rows in the IO 
(2 - mining, 9 - coke and refined petro products; 21 – electr., gas and water)

GINFORS-E energy model

Solid products Oil products Natural gas Nuclear Renewables Electricity Heat Total
Production cs cs cs cs cs cs cs SUM
Imports (6)-(5)-(4)-(1) (6)-(5)-(4)-(1) (6)-(5)-(4)-(1) (6)-(5)-(4)-(1) (6)-(5)-(4)-(1) (6)-(5)-(4)-(1)(6)-(5)-(4)-(1)SUM
Exports cs cs cs cs cs cs cs SUM
Bunkers and stock changes constant constant constant constant constant constant constant SUM
Total primary energy supply SUM SUM SUM SUM SUM SUM SUM SUM (7-12)
Transfers and statistical differences constant / 0 constant / 0 constant / 0 constant / 0 constant / 0 constant / 0 constant / 0 SUM
Transformation (electricity and heat) f(eitt) f(eitt) f(eitt) ex. ex. + f(eitt) f (tfc) f (tfc) SUM
Transformation (other) cs cs cs cs cs cs cs cs
Energy industry own use cs cs cs cs cs cs cs cs
Losses cs cs cs cs cs cs cs cs
Total final consumption (tfc) SUM SUM SUM SUM SUM SUM SUM SUM ind+tra+oth
Industry SUM SUM SUM SUM SUM SUM SUM SUM
Iron and steel ps ps ps ps ps ps ps f (prdk, eitt)
.. ps ps ps ps ps ps ps f (prdk, eitt)
Transport SUM SUM SUM SUM SUM SUM SUM SUM
Road ps ps ps ps ps EV share (ps) f (GDPTR, eitt)
.. f (GDPTR, eitt)
Other SUM SUM SUM SUM SUM SUM SUM SUM
Residential ps ps ps ps ps ps ps f (HCESR, eitt)
Commercial and public services ps ps ps ps ps ps ps f (GDPTR, eitt)
Agriculture/forestry ps ps ps ps ps ps ps f (prdk, eitt)
..
Non-energy use ps ps ps ps ps ps ps f (GDPTR, eitt)

cs = constant shares
ps = price dependant shares
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Global scenarios to meet results of WEO2019 current policies scenarios

in trn $ 2010 - constant in annual % changes
GDP 2015 2020 2025 2030 2035 2040 15-20 20-30 30-40

European Union 18,01 19,87 21,58 23,22 24,87 26,58 2,0% 1,6% 1,4%
Germany 3,70 4,06 4,37 4,63 4,89 5,24 1,9% 1,3% 1,3%
United States 16,71 18,46 20,43 22,61 25,05 27,77 2,0% 2,0% 2,1%
China 8,89 11,81 14,97 18,25 21,53 24,82 5,8% 4,4% 3,1%
India 2,30 3,19 4,44 6,04 8,11 10,29 6,8% 6,6% 5,5%
Japan 6,00 6,37 6,70 7,05 7,45 7,81 1,2% 1,0% 1,0%
Turkey 1,09 1,39 1,71 2,03 2,39 2,79 5,0% 3,9% 3,2%
Russian (Federation of) 1,64 1,69 1,86 2,05 2,27 2,46 0,6% 1,9% 1,9%
Brazil 2,33 2,45 2,99 3,44 3,76 4,04 1,0% 3,5% 1,6%
Total World 75,90 86,98 99,77 113,46 128,40 144,43 2,8% 2,7% 2,4%

Energy Mtoe in annual % changes
Gross Inland Consumption 2015 2020 2025 2030 2035 2040 15-20 20-30 30-40

EU 1.590 1.543 1.514 1.477 1.422 1.360 -0,6% -0,4% -0,8%
Germany 308 293 279 258 244 230 -1,0% -1,3% -1,1%
United States 2.188 2.131 2.128 2.125 2.111 2.080 -0,5% 0,0% -0,2%
China 2.991 3.185 3.433 3.696 3.909 4.062 1,3% 1,5% 1,0%
India 837 998 1.256 1.587 1.969 2.356 3,6% 4,7% 4,0%
Japan 431 426 423 421 417 409 -0,2% -0,1% -0,3%
Turkey 129 145 164 184 205 226 2,4% 2,4% 2,1%
Russian (Federation of) 710 749 768 794 822 839 1,1% 0,6% 0,5%
Brazil 295 278 311 337 380 400 -1,2% 2,0% 1,7%
Total World 13.672 14.325 15.339 16.523 17.777 18.986 0,9% 1,4% 1,4%

Mt CO2 in annual % changes
CO2 (energy-related) 2015 2020 2025 2030 2035 2040 15-20 20-30 30-40

European Union 3.427 3.176 3.081 2.842 2.640 2.424 -1,5% -1,1% -1,6%
Germany 774 712 687 592 546 494 -1,6% -1,8% -1,8%
United States 4.920 4.615 4.442 4.426 4.368 4.250 -1,3% -0,4% -0,4%
China 8.987 9.201 9.502 9.781 9.897 9.859 0,5% 0,6% 0,1%
India 2.001 2.391 2.980 3.692 4.474 5.188 3,6% 4,4% 3,5%
Japan 1.139 1.014 908 877 848 801 -2,3% -1,4% -0,9%
Turkey 318 343 369 394 420 450 1,5% 1,4% 1,3%
Russian (Federation of) 1.459 1.481 1.502 1.533 1.555 1.552 0,3% 0,3% 0,1%
Brazil 452 385 421 446 509 519 -3,1% 1,5% 1,5%
Total World 32.276 32.720 34.272 36.256 38.362 40.243 0,3% 1,0% 1,0%
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► In line with economic developments of recent EU scenarios

Global scenarios to meet results WEO2019 current policies scenarios

Germany Sectoral Value Added
2015 2020 2025 2030 2035 2040 15-20 20-30 30-40

Agriculture, forestry and fishing 16 16 17 18 19 20 0,9% 0,9% 1,2%
Mining and extraction of energy producing products2 2 2 1 1 1 -4,8% -1,2% -1,7%
Mining and quarrying of non-energy producing products3 3 4 4 4 5 1,8% 1,7% 1,8%
Mining support service activities 0 0 0 0 0 0 3,1% 3,2% 3,2%
Food products, beverages and tobacco 41 44 46 48 48 49 1,4% 0,8% 0,3%
Textiles, wearing apparel, leather and related products7 7 8 8 8 8 1,4% 0,5% 0,1%
Wood and products of wood and cork 7 7 8 8 8 8 2,0% 0,9% 0,5%
Paper products and printing 18 20 22 23 24 25 2,5% 1,2% 0,9%
Coke and refined petroleum products 7 6 7 7 7 6 -0,9% 0,9% -0,9%
Chemicals and pharmaceutical products 66 75 82 88 93 100 2,6% 1,6% 1,3%
Rubber and plastic products 27 30 32 33 34 35 2,0% 1,0% 0,6%
Other non-metallic mineral products 16 17 18 19 20 20 1,3% 1,2% 0,7%
Basic metals 22 23 23 23 23 23 0,9% 0,3% -0,2%
Fabricated metal products 52 58 61 63 64 66 2,1% 0,8% 0,4%
Computer, electronic and optical products 41 45 49 50 52 54 2,1% 1,0% 0,6%
Electrical equipment 40 45 49 51 54 58 2,4% 1,4% 1,3%
Machinery and equipment, nec 89 100 109 116 122 130 2,4% 1,5% 1,2%
Motor vehicles, trailers and semi-trailers 120 131 141 148 154 161 1,9% 1,2% 0,9%
Other transport equipment 14 16 17 18 19 20 2,1% 1,5% 0,8%
Other manufacturing; repair and installation of machinery and equipment37 42 45 47 48 50 2,4% 1,0% 0,7%
Electricity, gas, water supply, sewerage, waste and remediation services75 77 84 88 88 89 0,5% 1,4% 0,1%
Construction 111 125 132 136 138 141 2,5% 0,8% 0,3%
Wholesale and retail trade; repair of motor vehicles260 291 316 333 350 372 2,3% 1,4% 1,1%
Transportation and storage 116 130 143 153 162 173 2,4% 1,6% 1,2%
Business services 795 896 969 1.022 1.069 1.130 2,4% 1,3% 1,0%
HH services 543 624 677 719 753 792 2,8% 1,4% 1,0%

in bn € 2010 in annual % changes
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Central model mechanisms related to changes in carbon prices
► Bilateral trade shares are econometrically estimated

 Price dependent for industries (if significant)
 Elasticity approach: If prices of German/EU exports rise 

relatively, exports decline accordingly (also for imports)
 Changes in international competitiveness affect sectoral 

production, investment and employment

► Sector prices are determined by mark-up calculation
 Changes in carbon prices affect all sector prices via the (direct 

and indirect) share of carbon costs in production (e.g. higher 
cost of steel make car production more expensive)

► Investments mainly determined by production and capital 
stock
 Additional assumptions on carbon price dependence

GINFORS-E
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Argentina Czech Republic Kazakhstan Romania

Australia Denmark Korea Russian (Federation of)

Austria Estonia Latvia Saudi Arabia

Belgium Finland Lithuania Singapore

Brazil France Luxembourg Slovak Republic

Brunei Germany Malaysia Slovenia

Bulgaria Greece Malta South Africa

Cambodia Hong Kong, China Mexico Spain

Canada Hungary Morocco Sweden

Chile Iceland Netherlands Switzerland

China India New Zealand Thailand

Chinese Taipei Indonesia Norway Tunisia

Colombia Ireland Peru Turkey

Costa Rica Israel Philippines United Kingdom

Croatia Italy Poland United States

Cyprus Japan Portugal Viet Nam

GINFORS-E – Countries with macro / IO Model
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No. Industry No. Industry
1 Agriculture, forestry and fishing 19 Other transport equipment

2 Mining and extraction of energy producing products 20 Other manufacturing; repair and installation of machinery and equipment

3 Mining and quarrying of non-energy producing products 21 Electricity, gas, water supply, sewerage, waste and remediation services

4 Mining support service activities 22 Construction

5 Food products, beverages and tobacco 23 Wholesale and retail trade; repair of motor vehicles

6 Textiles, wearing apparel, leather and related products 24 Transportation and storage

7 Wood and products of wood and cork 25 Accomodation and food services

8 Paper products and printing 26 Publishing, audiovisual and broadcasting activities

9 Coke and refined petroleum products 27 Telecommunications

10 Chemicals and pharmaceutical products 28 IT and other information services

11 Rubber and plastic products 29 Financial and insurance activities

12 Other non-metallic mineral products 30 Real estate activities

13 Basic metals 31 Other business sector services

14 Fabricated metal products 32 Public admin. and defence; compulsory social security

15 Computer, electronic and optical products 33 Education

16 Electrical equipment 34 Human health and social work

17 Machinery and equipment, nec 35 Arts, entertainment, recreation and other service activities

18 Motor vehicles, trailers and semi-trailers 36 Private households with employed persons

GINFORS-E – Sectors/industries of the OECD
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No. Energy carrier No. Energy carrier

1 Coal and coal products 11 Solar thermal

2 Peat and peat products 12 Tide, wave and ocean

3 Oil shale and oil sands 13 Wind

4 Crude, NGL and feedstocks 14 Other sources

5 Oil products 15 Biofuels and waste

6 Natural gas 16 Heat production from non-specified combustible fuels

7 Nuclear 17 Electricity

8 Hydro 18 Heat

9 Geothermal 19 Renewables, total

10 Solar photovoltaics 20 Total

GINFORS-E – Energy carriers IEA Energy balances 


