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IntredlUction
Goal o the Model
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» 10-20% off electricity IS supplied By Wind
» Analy/sentegiation e WinGd peWEr:
Changdes In existing system
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Sortware New=Urbs
Model

DigSilent GmbH provides Software

Technical PowerFactory

Model Simulation Model

=> Guarantees technical feasibility of
economical solution

Linear Optimasation Model
Economical _ . .
Model Calculates electricity flows (static basis)

Simulates dynamic behaviour of grid and
power plants




Seftware
EconomicaliModel

» FrenchlEnergy, producton  andrtiansmission
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Capacities o power plants and transmission
lInes
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with

Cplex (graphics, tables)

4 data editing via
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SOfitWare
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SofitWares Inpult:
Consumption: Centers

-21 nodes (Regions):

-Different types
of power plants
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SofitWares Input
Transmission LIREs

- Basis 400kV Network
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| STRASBOURG
™~
ORRAINE | 5. N cp
BRETAGNE [ | o ,_“g,, lannalo
RENP ES " Laval \

RB-UESK:‘ART P‘-. = " [ e - 34 transmission lines
. = PN

rest O O St-Brie
IDESKHKAR

in France

IDESKKART

4 :
T guse 0N

—
MiDI-

[SUESKIART RB-DESKKART
Perpi




SofitWares Inpult:
ERERgy CoRsUmpLIen

Load values [MW]

SofitWares Input
WIRnG supply;

|
—— winter
—— summer




SofitWares Inpult:
Costs

» Investment Cost o new: Constrlction: et Pewer: plants;
Iiransmissionilines

» FIXCOSES! fier Production) Sterade and liransmission
» \/ariable; Costiior Production), Storage and Iiansmission

Wind- Wind-
Uran Gas Coal Oill Onshore Offshore

Investment
costs [ /kW] 1496 325 1328 323 878 1517

Fixcosts [ /kW] 29 14 30 14 0 0]
variable costs [ ct/kwWh] 146 7.14 2.18 5.58 0.36 0.47

15
Source: Ministere de | economie des finances et de | “industire

Results of German Model
InstallatienteiVVInG PoOWEr

Electricity production Installed capacity
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Costs [Mio ]

marginal costs [ /kwWh]

Results o German Model
Cogrs of Wiglel sy

Increase of cost for 4.5 GW new installed wind power

111

4.5GW 9IGW 22,5 GW 45 GW

Installed windpower (inclusive new power)

CO2-emisssion [Mio t CO2]

175

43 43.5 44

44.5 45
total costs [Mrd Euro]

45.5

Results of German Modeél
Varainal Cests

Miinchen without Wind power

= marginal costs === demand smoothed demand

ﬁMW frvy 1

demand [MWh]

25 49 73 97 121 145 169 193 217 241

hours

marginal costs [ /kWh]

Hamburg without Wind power

marginal costs === demand smoothed demand

25 49 73 97 121 145 169 193 217 241 265 289
hours

demand[MWh]




Results off German Model
Varainal Cests

Munich with wind Hamburg with wind

——marginal costs == residual demand ~ smoothed residual demand 8 ——marginal costs ——residual demand - smoothed residual demand
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Results of German Modeél
Electreity g DEVEICPMERE
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Results off German Model
Varainal Cests

correlation of wind, electricity demand and marginal costs
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marginal costs [ /kWh]

121 145 169 193 217 241 265 289

Results of German Modeél
VarginalNeest IR CapPaCIY,

marginal costs of capacity of powerplants
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Eonclusion

» Steadyincrease) ol eElectrhcity, demand
» I\NECESSIty eI reerdanisation e POWeEr PIant X
» Andlintegration off rienewable Energies

» Choice o location fior Wind powWer: IS Very,
IMPOtant

» Cost for wind energy: ane nighly: dependent on
installed Wind turisines

> And on therwind supply:itself




