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Structure of the IKARUS Energy System
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Net efficiency Investment costs (€/kW)

Today 2020 2030 Today 2020 2030

Lignite PP (without 
capt.)

43% 47% 50% 1150 1050 1000

Lignite MEA*) - 35.4 % 42% - 1980 1800

Lignite IGCC-Selexol - 40.3% 44.5% - 2150 1650

Hard Coal PP (without 
capt.)

46% 49% 52% 850 1000 950

Hard Coal MEA*) - 37.4% 44% - 1750 1600

Hard Coal IGCC-
Selexol

- 44.3% 46.5% - 1900 1500

Natural Gas CC 
(without capt.)

57% 59% 62% 410 410 410

Natural Gas CC-MEA - 50.3% 54% - 800 700

*) 2030: MEA + Membranes.  MEA = Mono-Ethanolamine Scrubbing.  IGCC = Integrated Gasification Combined Cycle.  PP = Power Plant 

Power Plant Data of CCS Technologies used in the Model
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Unit 2000 2010 2020 2030 

Domestic hard coal PJ 1005 > 300 (-) (-) 

Import of hard coal PJ 910 < 1800 < 2400 < 3000 

> 800 > 800 > 800 
Extraction of lignite PJ 1521 

< 1600 <1500 < 1400 

Domestic natural gas PJ 633 < 700 < 600 < 500 

Imported natural gas A PJ 2683 < 4000 < 4000 < 4000 

Imported natural gas B PJ  < 4000 < 4000 < 4000 

Wind power GWnetto 5.9 > 15 > 15 > 15 

Nuclear power plants GWnetto 22.2 18.3 7.8 0 

 

Important Scenario-Bounds concerning Energy Policy and Quantity Potentials

CCS power plants limited to 5, 15, 25 GW in 2020, 2025, 2030.

Prices of imported energy carriers increase only moderate up to 2030.
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Primary Energy in the Reference Scenario
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CO2-Emissions in the Reference Scenario
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CO2-Reduction Scenarios (1990: 1010 Mio.t *)
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Installed Capacity in GW for the 40% CO2-Scenario
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Electricity Production in TWh for the 40% CO2-Scenario
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CO2-Reduction in Mt/a for the 40% CO2-Scenario
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Installed Capacity in GW for CO2-Scenarios 
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CCS Capacity in GW
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Annual additional Costs for the 40% Reduction Scenario (109 Euro)
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Specific CO2-Reduction Costs for the 40%-Scenario (Euro/t CO2)
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Summing up:

CCS is an interesting option for Germany, provided:

• CCS will be available around 2020 at costs comparable to assumptions
above.

• Target for CO2 reduction:  More than  30% reduction compared to
1990.

Although the contribution of CCS to CO2 reduction is limited (about 15% 
in 2030 for the –40% scenario) a substantial decrease of CO2 reduction 
costs can be achieved (Specific costs nearly halved and cumulated costs 
reduced by 1/3 for the –40% scenario).

But:
When energy prices increase strongly, energy saving measures will 
become more competitive as compared to CCS for CO2 reduction.
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End of Presentation
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                                                                 STRUCTURE 
 

                      g, X                                                                                               
                                 
 

                           gi:   ΣaijXj = bi;    ΣcjXj = Min 
 

 
              a, b, c 

Optimizer 
(MOPS) 

Results-
processing 

Presentation of 
results 

DATA 
General data 
 
Demand, Importprices 
 
Bounds 
 
Technical data (Costs, Emissions,  

   Energy carriers) 

Ca. 3000  Variables 

Ca. 2000  Equations 

Ca. 200000 data 
for points in time: 
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User-
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Long Term Energy Supply
Time period 2 - 5 decades

Perfect foresight LP-Model  MARKAL with IKARUS-Data

1                          ............                   Optimum           ...........                 n

Time-step LP-Model IKARUS-Model
Opt.                                                 Opt.     Opt.                                                        Opt.

1                     ..........                               i-1              i                              n

„Forecast “ or Projection. Interaction without Iteration.                        
„Sudden“ Changes. Flexibility or „Lost opportunities“.

Heritage (Capacities)
Corrections of data  (z.B. load, η)

(Elasticities, Learning and Order of scale,...)

Dynamics
MIS-Model
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Relative Specific Space-heat Demand for old Single-Family-Houses
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Relevant numbers Annual changes in %/a 
 

Unit 
2000 2010 2020 2030 2000/10 2010/20 2020/30 

Population Mio. 81 .99 81..50 80.34 77.98 -0.06 -0.14 -0.30 
Number of households Mio. 37.5 38.5 38.80 38.10 0.26 0.08 -0.18 
Persons per Household Number 2.19 2.12 2.07 2.05 -0.32 -0.22 -0.12 
Apartments Mio. 36.82 39.64 41.60 43.08 0.74 0.48 0.35 
Apartments per 1000 
Households Number 982 1030 1072 1131 0.48 0.41 0.53 
Total floor space Mio. m2 3116.5 3408.6 3637.1 3838.6 0.90 0.65 0.54 
Floor space per Capita. m2 38.0 41.8 45.3 49.2 0.96 0.80 0.84 
Size of single-family house m2 105.95 108.31 110.62 113.43 0.22 0.21 0.25 
Size of multi-family house m2 65.94 66.45 66.88 67.35 0.08 0.06 0.07 
Number of employed Mio. 37.54 37.34 37 34.92 -0.05 -0.09 -0.58 
Gross domestic product 109 € (95) 1963.8 2366.7 2797.5 3189.6 1.88 1.69 1.32 
GDP per Capita € 23951 29039 34821 40903 1.94 1.83 1.62 
Value added industry 109 € 362.65 440.65 507.68 585.21 1.97 1.43 1.43 

 

Demographic and overall Economic Data
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Prices in €/GJ (2000) Annual changes in %/a 
Energy carrier 

2000 2010 2020 2030 2000/10 2010/20 2020/30 
Hard coal 1.32 1.76 1.80 1.87 2.90 0.22 0.42 
Crude oil 5.32 4.39 4.49 4.68 -1.9 0.23 0.42 
Gazoline 7.06 6.28 6.51 6.79 -1.15 0.36 0.42 
Diesel 6.95 5.45 5.61 5.85 -2.41 0.30 0.42 
Domestic fuel oil 6.95 5.45 5.61 5.85 -2.41 0.30 0.42 
Residual fuel oil 5.06 3.51 3.60 3.75 -3.58 0.23 0.42 
Natural gas A 3.27 3.65 3.82 3.98 1.09 0.46 0.42 
Natural gas B 4.11 4.56 4.77 4.97 1.04 0.46 0.42 
In comparison with lignite 1.44 1.51 1.64 1.68 0.48 0.83 0.25 

 

Future Prices for Imported Energy Carriers
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 Relevant numbers Annual changes in %/a 
Area 

Unit 2000 2010 2020 2030 2000/10 2010/20 2020/30 
Passenger traffic1) Billion Pkm 926 1025 1116 1190 1.01 0.85 0.65 
Freight traffic Billion tkm 489 613 750 889 2.29 2.04 1.71 

 

Demand of Passenger and Freight Traffic

1) without pedestrians and cyclists.  Air traffic: Domestic concept


