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Introduction

Motivation and aim of this approach

Situation Complication Aim of this approach
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Considered System
System under consideration

O Time horizon

+ |nvestigations for the year 2015 (hourly time pattern)
O Geographical focus

+ Central Europe including Nordel-states

+ Countries at the system boundaries (e.g. spain): simplified consideration by historical profiles
of cross-border power exchange
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Methodical approach

Method overview

Input data

Generation system
2015 Central Europe

+ hydrothermal
generation system

+ prices for primary
energy and CO,
certificates

+ generation of wind
turbines

+ generation of
other must run units

+ cross-border capacities
System constraints
+ load

+ reserve demand

IA‘ * developed at IAEW
A
\__\

Optimization method

Generation and Trading
Planning Tool*

Economic optimization of
the generation system

+ Objective function:
minimal (economic)
generation costs

+ Constraints:

- fulfillment of load
and reserve
demand

- power plant
specific parameters

- cross-border
capacities

Results

System results

+ total generation costs

Unit results

+ power plant specific
generation schedule

+ CO, emissions




Methodical approach

Investigated systems for 2015

|. European system 2015 lI. European system 2015 lll. European system 2015
with installed wind capacity with installed wind capacity with installed wind capacity
based on level 2006 based on prognoses for 2015 based on prognoses for 201t

(onshore) (onshore and offshore)
Germany JELY . Germany JELT Germany JELY o
hydro- wind _Austra hydro- wind Austria hydro- wind Austra
thermal turbines France thermal turbines France thermal turbines France
comparison comparison ) )
of results of results
demand — demand — demand L——
wind capacity onshore and
offshore 2015

Comparison of the simulation results (I. to Ill.) to

evaluate the benefit of additional wind capacity

System results: - Total generation costs

- Hourly system marginal costs
Unit results: - Power plant specific generation
schedule

- CO, emissions
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Input data

Power generation mix (hydro-thermal)

O Current (2007) and estimated (2015) power generation mix
+ Dblockwise modeling of thermal system
¢ phasing out of nuclear generation in Germany
+ new installed capacity as projected today
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input data B ©

Primary energy prices and power demand

O Primary energy prices (including transport)
+ Uranium 1.0 €/GJ

Lignite 1.6 €/GJ

Hard coal 2.2 €/GJ (+0.8 €/GJ)

Natural gas 7.1 €/GJ (x0.4 €/GJ)

Oil 11.0 €/GJ (+0.2 €/GJ)

O CO,-emission price estimated to 30 €/t CO,

* & o o

O Current (2007) and estimated (2015) power demand
600

TWh

400 — additional demand

300 in 2015
200 mdemand in 2007
100 -
i " ] I L] I I I sources: European Union,

0 GermanyFrance Belgium Nether- Austria Switzer- Italy  East Nordel Deutsche Energie
lands land Europe states Agentur, UCTE

demand —

O Additional reserve demand in 2015 estimated to ~2 GW in Central Europe (source:

IN-WN RWTH




Input data

Installed capacity in wind turbines

O Current (2006) and estimated (2015) installed capacity in wind turbines
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sources: European Union,
European Wind Energy Association
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input data B s

Wind power generation

O Feed-in of wind turbines separated in onshore and offshore
¢ Onshore
» Typical full load hours between 1500 and 2000 hours per year in central Europe

» Historical time series of feed-in is partly available (1/4-hourly data e.g. for
Germany and Denmark)

 Time series for 2015 based on historical time series, scaled to
installed wind power in 2015

+ Offshore

» Typical full load hours between 3500 and 4500 hours per year (Northern Sea),
but historical time series not available

- Method for the construction of synthetic time series for 2015 needed
* Feed-in of wind turbines mainly depends on

— wind speed

— power generation curve of wind turbines




Input data B o

Wind power generation — offshore (l)

O Locations of offshore-projects
+ Current offshore-projects located in the Northern and Baltic Sea
+ Forecast of the installed capacity (offshore) in Germany in 2015
* Northern Sea ~8.4 GW @
- Baltic Sea~1.4 GW@
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input data

Wind power generation — offshore (ll)

O  Construction of synthetic time series based on
I.  Hourly Wind speed (Northern Sea: offshore weather station, height 95 metres)

Il.  Power generation curve of wind turbines offshore
(typical capacity 5 MW, e.g. REPOWER 5M, MULTIBIRD M5000)

l. Wind speed Il. Power generation curve
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Synthetic time series of wind power generation

T 6 (offshore)
%’ MW ﬂ : Characteristics of time series
% 4 | (2015):
o 3 I + full load hour: ~4000 h/a
2 * h »V ' ' + power generation: ~40 TWh/a
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I any
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Results

Results can be split in operational values and cost
values

Operation

. Power plant specific generation schedule

. Generated thermal energy

. Generated hydraulic energy

. CO, emissions

Costs
. Total generation costs
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Results

Impact of additional capacity of wind turbines on the
hydro-thermal power generation (2015)

2400
produced Installed capacity of wind turbines
thermal_and B 31.7 GW (level 2006)
BZCVIJ:?“C TWh - " 52.8 GW (2015 without offshore)
" 62.6 GW (2015 including offshore)

level 2006 2015 2015
without including
_ offshore offshore /
~

installed capacity in wind
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Results

Wind power generation substitutes mainly thermal
and marginally hydraulic generation

2500
gzgltjr?ce:: Installed capacity of wind turbines
power M 31.7 GW (level 2006)

"1 52.8 GW (2015 without offshore)
" 62.6 GW (2015 including offshore)

total total
thermal hydraulic
generation generation
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Results

CO,-emissions reduced in case of additional
wind power generation

800

-2.8% -6.3%

Missions
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CO, emissions

emission
costs
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1 52.8 GW (2015 without offshore)
" 62.6 GW (2015 including offshore)
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Results

Additional installed capacity in wind turbines reduces
the total generation costs by up to 8.6%

total -4.2% -8.6%

- 450000 1 —— oo
generation
costs

mio. €

30000

20000 -
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SOOI
DA\

level 2006 2015 2015
without including
g offshore offshore /

installed ca\pgcity in wind
turbines

Installed capacity of wind turbines
M 31.7 GW (level 2006)
" 52.8 GW (2015 without offshore)
' 62.6 GW (2015 including offshore)

B costs for fuels, operational costs
start-up
% emission costs
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Macroeconomic benefits of wind power generation (onshore)

Reduced costs Costs for wind power generation Conclusion
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Results

Macroeconomic benefits of wind power generation
(offshore)

Reduced costs Costs for wind power generation Conclusion
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Conclusion
Conclusion
O Aim of the approach

¢+ Economic evaluation of the impact of integrating wind turbines in the generation
system

Comparison of the central European system in 2015 by investigating the
generation system with installed capacity in wind turbines based on

|.  Level 2006 in Central Europe

II.  Analogue I. with additional installed capacity in wind turbines onshore 2015
lll.  Analogue Il. with additional installed capacity in wind turbines offshore 2015
Results for central Europe

¢+ Less usage of thermal power plants leads to reduction of CO, emissions under
consideration of expansion of the installed wind capacity

+  System wide cost reduction potential of 2 billion €/a for onshore (21 GW),
2 billion €/a for offshore (9,8 GW)

¢+ Macroeconomic breakeven for wind turbines (onshore) reached for 1 Mio. €/MW
investment costs, which is comparable with current investment costs

¢+ Macroeconomic breakeven for wind turbines (offshore) reached for 2.1 Mio.
€/MW investment costs (current investment costs 3 - 5 Mio. €/ MW)
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Results for Germany

High impact of additional capacity of wind turbines on the German
generation system
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