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Model characteristics TIMES-D

● Technologically detailed „bottom-up“ model of German energy system

● Covering energy flows from the useful energy demand over end-use 

sectors and conversion sector to the primary supply 

● Energy imports/exports with abroad modeled by step-wise supply cost 

functions for the different energy commodities

● Modeling of renewable energy carriers based on the different potentials 

and supply costs (onshore and offshore Wind, biomass, biogas, biofuels, 

small and large hydro power, PV, solar thermal, geothermal energy) 

● Model horizon until 2050 with model years in 2005, 2008, 2010, 2012, 2015, 

2020, ...

● Time resolution within a model year: 8 representative days each divided in 

4 time segments

● Balancing of energy related emissions: CO2, CH4, N2O, NOX, SOX, CO, 

NMVOC, particulates 

● Explicit consideration of technological improvements
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Residential sector

Four building types:

• Single Family Houses Existing

• Single Family Houses New

• Multi Family Houses Existing

• Multi Family Houses New

Two vintage classes for existing buildings:
• before 1979

• 1979-2000

Technology structure:

• Decentral heating
• Central heating and warmwater

• Decentral warm water

• Four types of insulation measures

• Saving variants to standard technology

• Cooking (gas or electricity)

• Various electric appliances

Demand commodities 
residential sector

• Room heat and warm water by building 

type

• Cooking

• Electric demand for cooling, freezing, 

washing, lightning, air conditioning, others

End-use energy carriers 
residential sector

• Lignite briquette

• Hard coal briquette
• Hard coal

• Natural gas

• LPG

• Heating oil

• District heat

• Local heat
• Electricity low voltage

• Solar energy

• Wood

• Ambient heat

• Geothermal heat

Transport sector

Two Sub-sectors:

• Person transport

• Freight transport

Modal split person transport:

• Rail (Short/Long distance)
• Public transport (Short/Long distance)

• Airplane

• Car (Short/Long distance)

Modal split freight transport:

• Truck (Short/Long distance)
• Rail

• Ship

Technology structure

• Saving variants to standard technologies

• Option for hydrogen reforming at fuel 
station

Demand commodities 

industry

• Person kilometres
• Ton kilometres

End-use energy carriers 
transport

• Gasoil

• Gasoline

• Kerosene

• Hydrogen (liquid/compressed)

• CNG
• Natural gas for reformer fuel 

station

• Methanol

• RME

• Electricity Low voltage

• Electricity rail and tram

Hydrogen sector

Generation pathways:

• Electrolysis

• Biomass gasification

• Steam reforming

Outputs

• Liquified hydrogen

• Compressed hydrogen

Inputs

• Electricity
• Natural gas

• Solid biomass

Petroleum sector

Refinery:

• Atmospheric destillation

• Vacuum destillation

• Gas separation

• Visbreaker
• Thermal cracker

• Visbreaker

• Coker

• Isomerisation

• Reformer

• Catalytic cracker
• Hydrocracker

• Polymerisation

• Alkylation

• MTBE plant

• Bitumen plant

Outputs

• Refinery gas
• LPG

• Naphta

• Gasoline

• Gasoil

• Petroleum coke

• Bitumen

Inputs

• Crude oil

Industrial CHP

Type of plants:

• Back-pressure power plants

• Extraction-condensing power plants

• Combined-cycle power plants

• Fuel cells

• Coal IGCC with CO2-capture

Two steam levels

Inputs

• Hard coal

• Lignite

• Gasoil

• Natural gas

• Hydrogen

Outputs

• Electricity

• Steam on two pressure 

levels

Public CHP and heat plants 

Type of plants:

• Back-pressure power plants

• Extraction-condensing power plants

• Combined-cycle power plants

• Internal combustion engines

• Fuel cells
• Heat plants, Solar local heat

• Coal IGCC with CO2-capture

• Geothermal CHP plant (HDR)

Two heat levels: district heat and local 

heat

Inputs

• Hard coal

• Gasoil
• Natural gas

• Hydrogen

• Solar radiation

• Geothermal energy

• Wood

• Straw
• Energy crops

• Rapeoil, RME

• Biogas

• Sewage gas

• Landfill gas

• Refusal

Outputs

• Electricity
• District heat

• Local heat

Public power plants 

(electricity only; incl. Deutsche Bahn)

Type of plants:

• Coal power plant (w/o biomass cofiring)

• Lignite power plant (w/o biomass cofiring)
• Oil power plant

• Gas turbine

• Coal IGCC plant (w/o CO2-capture)

• Lignite IGCC plant (w/o CO2-capture)

• Gas combined cycle plant (w/o CO2-capture)

• Geothermal power plant (HDR)
• Hydro power plants (run-of-river, dam)

• Pump storage

• EPR for new nuclear plants

• Wind onshore (3 windspeed levels)

• Wind offshore (4 coast distance categories)

• PV (roof, agricultural area)
• Import of electricity

Inputs

• Hard coal

• Lignite

• Gasoil

• Natural gas

• Geothermal energy

• Wood
• Straw

• Energy crops

• Nuclear fuel

• Solar radiation

• Wind energy

Outputs

• Electricity
Coal sector

Supply options:

• Domestic hard coal

• Domestic lignite

• Import of hard coal

Processing:

• Coke factory

• Briquette factory

• Coal to Methanol

Coal Transport

Outputs

• Hard coal and lignite for 

power plants

• Hard coal and lignite for 

industry

• Hard coal and lignite for 

residential and commercial 
sector

• Briquettes for residential 

and commercial sector

Gas sector

Supply options:

• Domestic natural gas

• Import of natural gas

Processing:

• Gas compression
• Gas storage

Gas transport and distribution

Outputs

• Gas for power plants

• Gas for industry
• Gas for residential and 

commercial sector

• CNG

Oil sector

Supply options:

• Domestic crude oil

• Import of crude oil
• Import of petroleum products

Oil transport

Outputs

• Crude oil

• Petroleum products

Biomass sector

Supply options:

• Supply curves for wood and straw

• Biogas through fermentation

• Sewage gas

• Landfill gas

• Refusal
• Import of rape oil and RME

• Energy crops on agricultural area:

- for solid biomass

- for biogas

- for rape oil

Transesterification of rape oil to 

RME

Processing to wood chips and 

pellets

Transportation of biomass

Outputs

• Wood chips

• Pellets

• Bales of straw
• Biogas

• Sewage gas

• Landfill gas

• Refusal

• Rape oil

• RME

Inputs

• Methanol

Sectors:

• Non-ferrous metals

• Cement
• Iron-steel (blast furnace as technology)

• Chemical

• Food

• Glass

• Pulp and paper

• Others
• Non-energy use

Technology structure:

• Disaggregation of sectoral net production 

values in heat by boilers, steam (2 levels) 

and electricity
• Saving measures for boilers, steam and 

electricity 

Demand commodities 
industry

• Net production value of different 

energy sectors
• Non-energy use

End-use energy carriers 
industry

• Hard coal

• Coke

• Lignite

• Petroleum coke

• Natural gas
• Coke gas

• LPG

• Naphta

• Refinery gas

• Bitumen

• Gasoil
• District heat

• Steam

• Electricity industry middle 

voltage

• Electricity grid middle voltage

• Wood

Industry

Technology structure:

• Room heat and hot water

• Low and high temperature process heat

• Hot water

• Military and agricultural transportation
• Lighting

• Communication

• Power appliances

• Four types of insulation measures for 

room heat

• Saving variants to standard technology

Demand commodities 
commercial sector

• Room heat

• Process heat

• Hot water

• Vehicle kilometre

• Electricity for lighting
• Electricity for communication

• Electricity for power appliances

End-use energy carriers 
commercial sector

• Hard coal

• Natural gas
• LPG

• Heating oil

• Gasoil

• Gasoline

• District heat

• Local heat
• Electricity low voltage

• Solar energy

• Wood

• Ambient heat

• Geothermal heat

Commercial sector

Primary energy supply Conversion sectors End-use sectors Demand
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Scenario characterization

General: Discount rates of ETP; Energy price projection ETP 2008

Reference scenario (REF)
• extrapolation of present energy policy

• phasing-out of nuclear energy

• no targets for climate mitigation

Scenarios with different CO2 certificate prices starting with in 2005 with a linear 

increase till 2020 and keep constant 

ACT25 Certificate price for the total energy system of 25 Euro /t CO2

ACT50 Certificate price for the total energy system of 50 Euro /t CO2

ACT75 Certificate price for the total energy system of 75 Euro /t CO2

ACT100 Certificate price for the total energy system of 100 Euro /t CO2

ACT200 Certificate price for the total energy system of 200 Euro /t CO2
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Development of total primary energy supply
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Final energy consumption in PJ 
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Energy intensity of GDP
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GHG reduction depends on the CO2 certificate price 
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Implications on costs

Cumulative 

abadement cost

Average electricity 

generation cost

bis 2030 2030

Bill. Euro00] [Cent00/kWh]

BAU 5.4

ACT Map 25 $/t CO2 147 5.6

ACT Map 50 $/t CO2 293 5.9

ACT Map 75 $/t CO2 428 6.9

ACT Map 200 $/t CO2 1038 7.7
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Thank you for your attention !


