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Some approaches to analysis LP energy system models

Balance model
Calculation of commodity and technology specific 
average indicators under consideration of full 
process chain, e.g. primary energy consumption per 
demand of person kilometre

Analysis of dual problem

• Evaluation of resources and constraints through 
prices, e. g. marginal abatement costs, value of a 
capacity unit

• Analysing the competitiveness of a technology 
taking into account costs and constraints as 
emission bounds or quotas

Marginal 
sensitivity analysis
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Analysing the effect of marginal 
changes in the model input data 
A,b,c on the solution

Parametric 
Programming

Variation of model input data A,b,c
over larger value ranges
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Balance model: Motivation
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Balance model: Equation system for costs

Input parameters: process flows flop,c

Variables: commodity generations costs C_COMc

Process p1

Process p2

Process p3

Commodity C
CCOMC _

p1,cflo

p2,cflo

p3,cflo

p1,cC_FLO

p2,cC_FLO

p3,cC_FLO
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Balance equation for a commodity:

( )

P,C1

RCPPPP
topC1

C1P,C1

P,C

flo

priceirecst_invcst_fomcst_actC_COMflo

C_FLO

P,C1,'in'

,,_++++⋅
=

∑
∈Process P

P,Cflo
P,CC_FLO

P,C1flo
P,C1C_FLO

Commodity C
CC_COM

Commodity C1
C1C_COM

Pcst_act
Pcst_fom

Pcst_inv

Input parameters: process flows flop,c, annual activity costs cst_actp,c, annual investment cost cst_invp,c, annual   
FOM costs cst_fomp,c and imp/export prices ire_priceP,C,R  for trade with region R

Variables: commodity generations costs C_COMc and the flow generation costs C_FLOP,C

Balance equation for a process:

• Square system of equations solved in GAMS with a dummy objective function

• Special treatment for processes with multiple outputs

• Similar system for emissions and primary energy consumption by fuel
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Example: GHG reduction scenarios for Germany with TIMES
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Balance model: Electricity generation costs
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Balance model: Specific CO2 emissions for electricity

0

100

200

300

400

500

600

700

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Sp
ec

ifi
c 

C
O

2-
Em

is
si

on
s 

[g
 C

O
2/

kW
h]

Reference GHG GHG+CO2 capture GHG+New Nuclear



8/17

Balance model: CO2 emissions per Pkm
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Balance model: Primary energy consumption per Pkm
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Duality in linear programming
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Dual equation: Covering costs of electricity producing 
technologies by electricity price
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Dual equation: Coverage capacity related costs
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Dual equation: Covering technology costs in 2050
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Marginal sensitivity analysis and parametric programming
Example of variation the RHS b of the primal problem (e. g. GHG target)

Application:

• Technology specific 
abatement costs

• Determining price setting 
activities (electricity prices, 
certificate prices)0,0
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Sensitivity analysis: Decomposition of variables
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Sensitivity analysis: Drivers of GHG abatement costs
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Sensitivity analysis: Marginal abatement costs in the 
reference scenario
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