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IntroductionIntroduction
Energy Production in FranceEnergy Production in France

►► Based on Based on nuclearnuclear and and 
hydrohydro powerpower

►► PolicyPolicy objectiveobjective: : dividedivide
byby 4 CO24 CO2--Emission Emission byby
20502050

►► Major Major obstacleobstacle for for 
NuclearNuclear
§§ RadioactiveRadioactive wastewaste
§§ ResourceResource limits andlimits and
§§ ProliferationProliferation issuesissues

Source:UCTE

Power generation 2004 in France 

hydro 
12%

nuclear energy
78%

fossil fuels
10%
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IntroductionIntroduction
Energy Production in FranceEnergy Production in France

►►On On longlong termterm eveneven fissionfission needsneeds
replacementreplacement::
§§ RenewableRenewable energiesenergies
§§ NuclearNuclear conceptsconcepts likelike Generation IVGeneration IV
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Introduction Introduction 
Goal of the ModelGoal of the Model

►►DescriptionDescription of a of a futurefuture frenchfrench electricityelectricity
system system 

►►1010--20% of 20% of electricityelectricity isis suppliedsupplied byby windwind
►►Analyse Analyse integrationintegration of wind power:of wind power:

§§ ChangesChanges in in existingexisting systemsystem
§§ IncreaseIncrease of of costscosts
§§ DecreaseDecrease of CO2of CO2--EmissionEmission
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Software NewSoftware New--UrbsUrbs
ModelModel

Economical
Model

Technical
Model

DigSilent GmbH provides Software 
PowerFactory

Simulation Model

=> Guarantees technical feasibility of 
economical solution

Linear Optimasation Model

Calculates electricity flows (static basis)

Simulates dynamic behaviour of grid and 
power plants
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SoftwareSoftware
EconomicalEconomical ModelModel

►►French energy production and transmission French energy production and transmission 
systemsystem

►► in consideration of:in consideration of:
§§ wind fluctuationwind fluctuation
§§ variable demandvariable demand

►►output:output:
§§ optimal manner of operation of power plantsoptimal manner of operation of power plants
§§ capacities for power plants and transmission capacities for power plants and transmission 

lineslines
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Excel GAMS

GDX

Excel

graphics, tables

INPUT OUTPUTModeling

VBA

data editing via  
VBAoptimization

with

Cplex

GAMS Data 
Exchange: 
storage of values 
of variables, 
parameters and 
equations

SoftwareSoftware
Model OperationModel Operation
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SoftwareSoftware
Model InputModel Input

►►Data of power plants (type, capacity Data of power plants (type, capacity 
boundaries, efficiency, etc.)boundaries, efficiency, etc.)

►►Data of transmission lines (maximal capacity Data of transmission lines (maximal capacity 
of power flows, etc.)of power flows, etc.)

►►Supply of wind (time series, hourly Supply of wind (time series, hourly 
resolution)resolution)

►►Energy demand (time series, hourly Energy demand (time series, hourly 
resolution)resolution)
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SoftwareSoftware
Model OutputModel Output

►► Optimal manner of operationOptimal manner of operation
►► Power flowsPower flows
►► Optimal capacitiesOptimal capacities
►► CostsCosts
►► Marginal Costs (dual solution)Marginal Costs (dual solution)
►► COCO22--EmissionEmission

Power Generation [MWh]
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Software: InputSoftware: Input
Consumption CentersConsumption Centers

-21 nodes (Regions):

-Different types
of power plants

- variable 
demand 

- wind supply
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Software: InputSoftware: Input
Transmission LinesTransmission Lines

- Basis 400kV Network

- Capacity 1650 MW

- 34 transmission lines 

in France
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Software: InputSoftware: Input
Energy ConsumptionEnergy Consumption

Load values [MW]
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Software: InputSoftware: Input
wind wind supplysupply
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Software: InputSoftware: Input
CostsCosts

►► Investment Cost for Investment Cost for newnew Construction of Power Construction of Power plantsplants, , 
Transmission Transmission lineslines

►► FixcostsFixcosts for Production, for Production, StorageStorage and Transmissionand Transmission
►► Variable Cost for Production, Variable Cost for Production, StorageStorage and Transmissionand Transmission

0.470.365.582.187.141.46[ ct/kWh]variable costs

0014301429[ /kW]Fixcosts

151787832313283251496[ /kW]
Investment 
costs

Wind-
Offshore

Wind-
OnshoreOilCoalGasUran

Source: Ministère de l´economie des finances et de l´industire
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ResultsResults of German Modelof German Model
Installation of Wind powerInstallation of Wind power

 Electricity production 
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ResultsResults of German Modelof German Model
CostsCosts of Wind powerof Wind power

Increase of cost for 4.5 GW new installed wind power
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ResultsResults of German Model of German Model 
Marginal CostsMarginal Costs

München without Wind power
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Hamburg without Wind power
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ResultsResults of German Model of German Model 
Marginal CostsMarginal Costs

Munich  with  wind
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Hamburg with wind
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ResultsResults of German Model of German Model 
Electricity Tariff DevelopmentElectricity Tariff Development
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ResultsResults of German Model of German Model 
Marginal CostsMarginal Costs

correlation of wind, electricity demand and marginal costs
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ResultsResults of German Model of German Model 
Marginal Cost of CapacityMarginal Cost of Capacity

marginal costs of capacity of powerplants
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ConclusionConclusion

►► SteadySteady increaseincrease of of electricityelectricity demand demand 
►► NecessityNecessity of reorganisation of power plant mixof reorganisation of power plant mix
►► And And integrationintegration of of renewablerenewable EnergiesEnergies
►► ChoiceChoice of of locationlocation for wind power for wind power isis veryvery

importantimportant
►► Cost for wind energy Cost for wind energy areare highlyhighly dependentdependent on on 

installedinstalled wind wind turbinesturbines
►► And on the wind And on the wind supplysupply itselfitself


