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Overview

> Introduction
» State of the art — international simulation tools

» Overview of the computer-model Green-X

» lllustration of the computer-model Green-X
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Introduction

» The dynamic toolbox Green-X represents the main product
of the project Green-X

» A database, allowing dynamic changes and calculating
potentials and costs of RES-E, CHP and conventional power

» A dynamic computer model Green-X integrating RES-E,
CHP generation, conventional electricity production and the
most relevant demand-side activities

» The computer model allows a comparative and quantitative
analysis of interactions between RES-E, CHP, DSM
activities and GHG-reduction within the liberalised
electricity sector both for the EU as a whole and individual
Member States over time by simulating different scenarios
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Scenarios Output

» Advice on policy proposals at both EU and on national level
e.g. to reach targets indicated by the EU RES-E Directive

» Demonstrate the consequences of a non-harmonised
approach versus a harmonised RES-E policy

» Show the effects of linked policies for RES-E, CHP,
Important DSM activities and GHG-reduction versus
separated and individually adjusted strategies for these
areas, (demonstrating especially the impact on TGCs and
GHG permits).

» Estimation of costs and benefits for the EU as a whole as
for all 15 member states, producers and consumers.

» Recommendation for practical implementation of efficient
strateqgies over time for each step
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Green-X

State of the art — international modelling tools
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Green-X

Overview computer-tool Green-X
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Green-X

Country Selection

Individual countries or whole group of countries

EU-15 Member States

EU 10+ Accession Countries -- extended version

EU Candidate Countries (BU, RO, TR) -- extended version

Other European countries (CH, NO) -- extended version
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Green-X

Technology Selection

Considered Technologies

Electricity generation

10 (17) RES-E technologies

4 (5) Thermal and nuclear power plants

Combined heat and power generation

4 (8) RES-E technologies

3 (4) Thermal power plants
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Green-X

Power generation (Database)

Cost-resource curve for each technology in each country
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Green-X

Electricity demand reduction (Database)

Electricity saving potential for each sector in each
country
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Green-X

Policy strategy selection

Considered promotion strategy

General tax

Energy tax

Environmental tax

Electricity generation

Price-driven strategies

Capacity-driven strategies

Combined heat and power

Price-driven strategies

Capacity-driven strategies

DSM instruments

Climate Policy
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Green-X

Social Behaviour

Individual behaviour can be selected per technology
country and year

Investment decisions of investors (interest rate)

Technology

Policy instrument

Planning horizon / policy design

Strategic behaviour investors (tendering, bidding)

Social behaviour consumer (WTP green electricity)
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Framework Conditions / Database

Different Scenarios available per country and year

Demand forecast

yearly electricity demand

yearly heat from CHP

peak demand electricity

reserve capacity

Price elasticity

Availability factor of each technology (yearly volatility)

Import / export restrictions electricity trade

Dynamic parameter restrictions

Technology cost forecast / learning factors

Prices

Primary energy price

Heat price CHP 4‘
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Economic market and policy assessment

Cost-resource curves

for each technology in each country
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Simulation of market interactions

Analysis of various interactions between RES-E, power
market, CHP support, GHG goals, and DSM activities

== Possible market separations, clearing prices
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Green-X

Expected Results (1/3)

Results per country and year

General Results

Installed capacity per technology [MW]

Total Fuel input [TJ]

Total energy generation [GWh]

Total electricity generation [GWh]

Electricity generation per technology [GWh]

National electricity consumption [GWh]

Import / export electricity balance [GWh, % of gen.]

Total CO,-emissions [Mt-CO,]
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Green-X

Expected Results (2/3)

Results per country and year

Impact Producer

Total generation costs [M€, €/ MWh]

Gen. costs electricity generation[M€, €/ MWh]

Gen. costs electricity per techn. [M€, €/ MWh]

Total producer surplus (PS) [M€, € MWh]
PS electricity generation [M€, €/ MWh]

PS electricity per techn. [M€, € MWh]

Total profit [M€, €/ MWh]
Profit electricity generation [M€, €/ MWh]

Profit electricity per technology [M€, € MWh]

Marginal generation costs per technology electricity gen. [€/MWh]
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Green-X

Expected Results (3/3)

Results per country and year

Impact Consumer

Additional costs due to RES-E strategy [M€, €/ MWh]

Additional costs due to CHP strategy [M€, €/ MWh]

Additional costs due to DSM strategy [M€, €/ MWh]

Additional costs due to CO,-strategy total [M€, € MWh, €/t-CO,]

Prices

Market price electricity [€/MWh]

Market price Tradable Green Certificates [€/MWh]

Market price Tradable Emission Allowances [€/t-CO,)]




Project Workshop Green-X

Renewable Energy House, September 23 2003, Brussels

Green-X

lllustration of the computer-model Green-X
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x Electricity - Country table - General

Select  |United Kingdom 5004
2007
2002
2003
2004

General Results
Total Electricity Congsumption within the Country 349.948,63 Gwh
Share of Total Electricity Consumption within the Country 100,00 %
Total Electricity Generation within the Country 352.576,64 GwWh
Share of Total Electricity Generation within the Country 100,75 %
Import GWh
Share of Total Electricity Generation within the Country %
Export 2.628,00 GWh
Share of Total Electricity Generation within the Country 075 %
Market price for Electricity 3,65 £ per MWh
Total installed capacity E3.043 63 | MY
Hew installed capacity 4,273,899 MW

Generator / Production
Total Outcome from Hational Generation

Additional Outcome due to selected Strateqy / Strategies from Hational Generation
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General results

Counkry kable

Combined heat and power Time series
x Electricity - Country t nizes
Transpork
Select  |United Kingdom -
e

—azin= United Kingdom

General Results
Total Electricity Congsumption within the Country
Share of Total Electricity Consumption within the Country
Total Electricity Generation within the Country
Share of Total Electricity Generation within the Country
Import
Share of Total Electricity Generation within the Country
Export
Share of Total Electricity Generation within the Country
Market price for Electricity
Total installed capacity
Hew installed capacity

Generator / Production
Total Outcome from Hational Generation

Additional Outcome due to selected Strateqy / Strategies from Hational Generation

337.136,34 Gwh
100,00 %
337.125,63 Gwh
100,00 %

10,72 GWh
0,00 9%
Gwh
%
3,65 £ per MWh
56.750,89 My
1.818,50 MW
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Country table - Technologies

Select  |United Kingdom

e
e

j 2005

-
[

United Kingdom

Technology

Total Amount
of Electricity
Generation

Share of Total

Total Amaurt
of Electricity
Generation
neswy plants

Electricity
Generation

Share of Total
Electricity
Generation
nesw plants

Total installed
capaciy

Mewy installed
capacity

itk

% i

£

hiTiy

hiify

Renewable power plants

Biogas

Biomass
Farestoy products
Fovrestny residues
Agricuitural products

Agricuitural residies
Biogenic fraction of waste
Geothermal electricity

Hydro poser
Small scale (= 10M1)
Large scale = 10MI1Y)
Landfill ga=

Sewvage gas

Solar

Fhotovaltaic

Soiar thermal
Tidal
Wiave
Wyind

onshore

offshore

27.832,00
0,00
0,00
60
60
.00
.00
60
0,00

4.930,53
594,51
4.336,02
2,300,655
382,50
9.736,54
8,736 54
60
0,00
0,00
10,481 47
7.201,47
3.280,00

8,24 6.124,49
0,00 0,00
0,00 0,00
0,00 0,60
0,00 0,60
.00 0,00
00 0,00
0,00 0,60
0,00 0,00
1 45 0,00
o158 0,80
1,28 0,00
0,68 0,00
0,11 0,00
2,55 1.752 53
7,58 1.752,83
0,00 0,60
0,00 0,00
0,00 0,00
310 4371 B3
213 1.091,65
097 3.280,00

100,00
0,00
0,00
60
60
.00
.00
60
0,00
0,00
.00
60
0,00
0,00

28,52
75,62
60
0,00
0,00
71,38
17,82
53,56

20.761,55
0,00

0,00

0,00

0,00

.00

00

0,00

0,00
1.507 A0
151,90
1,326, 00
418,30
&5,00

14 56595
14.665,95
0,00

0,00

0,00
4.051 40
3.081,40
1.000, 00

2.110,19
0,00
0,00
0,60
0,60
0,00
0,00
0,60
0,00
0,00
0,80
0,00
0,00
0,00

2.540,79

7.640,79
0,60
0,00
0,00

1 459 40

4659, 40

1.000,60
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Counkry bable  » |

Electricity

D8 @h

Combined heat and power Time series General results
x Electricity - Country £ Heat Technology specific resulks
Transpork

Select  |United Kingdom

j 2005

=10l x|

e . .
—azin= United Kingdom
.
Total Amount | -hare of Total T-:?: Eélljcrtnr?éﬁ Shar;.:gt;gtrt? Total installed | Mews installed :|
Technology of Electru:.rt'f Electrlgﬁy Generation Generation capaciy capacity
Generation Generation new plants new plarts
Gk % Gifyh g By By
Renewable power plants 27.832,00 8,24 6.124,49 100,00 20.761,55 411019
Biogas 0,00 0,00 0,0a 0,00 0,00 0,0a
Biomaszs 0,00 0,oo 0,00 0,00 0,oo 0,00
Farestoy products 0,00 00 0,00 0,00 00 0,00
Fovrestny residues o.e0 0,00 0.e0 o.e0 0,00 0.e0
Agricuitural products 00 a,00 080 00 a,00 080
Agricuitural residies 00 o, 00 080 00 o, 00 080
Biogenic fraction of waste 0,00 00 0,00 0,00 00 0,00
Geothermal electricity 0,00 0,00 0,00 0,00 0,00 0,00
Hydro powver 493083 146 0,0a 0,00 1.507 90 0,0a
Small scale (= 10M144) 594,51 2,18 2,00 .08 151,90 .00
Large scale (= 100144 4.338,02 1,25 (2,00 .00 1.326,00 o,00
Landfill gas 230065 055 0,00 0,00 418 30 0,00
Sevvage gas 382,50 0,11 0,00 0,00 85,00 0,00
Zolar 9.736 54 288 1.75283 2862 14 BES 95 264079
Phatovaltale 4,756,554 2,68 175285 28,82 14.665,95 2640, 79
Soiar thermal .00 2,00 .00 .00 2,00 .00
Tidal 0,00 0,00 0,00 0,00 0,00 0,00
Wiaye 0,00 0,00 0,0a 0,00 0,00 0,0a
Wimd 10.481 47 310 4.371 65 71,38 4081 40 1.45849 40
anshore F.2 47 2,13 1.091,65 17,82 3.087,40 459,40
affshore 3.280,00 0,97 3.280,00 53,96 1.000,00 1.000,00 ﬂ
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x Electricity - Time series - General

Selact IIreIand otal ele nsumption

Total electricity consumption

Total electricity generation

Total electricity importexport
Irelancizcticity generation fram new plants

Taotal installed capacity

Mew installed capacity

Electricity price

Total electricity consumption

[N P ——

Khoocooocooodoooooooooooodh

oo tooccooo

20.000 4

Locoooooooooobocoococoocooood
U

ohahore 7,82 3087, 40 269,40
offshore 55,56 1.000,00 1.000,00
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- Time series - General

Selact IUnited Kingdom j otal electricity imporfexport

e = : :
—azin= United Kingdom

Total electricity imporfexport

!
1
1
1
1
1
|
1
1

T
1
|

onShore 17,82 3.081,40 469,40

offshore 55,56 1.000,00 1.000,00

| Project name: [R-UE. [izolated market] + RES [ |Eurrent Tear 2005 |
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- Time series - General

I_nited Kingdom j INew installed capacity

e = : :
—azin= United Kingdom

New installed capacity

2002

ohahore 713 7,82 3087, 40 269,40
offshore 0,97 55,56 1.000,00 1.000,00
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- Time series - General

Select IUnited Kingdorm j Elzctricity

e = : :
—azin= United Kingdom

[E/MYh] Electricity price
100

onShore 17,82 3.081,40 469,40

offshore 55,56 1.000,00 1.000,00

| Project name: [R-UE. [izolated market] + RES [ |Eurrent Tear 2005 |
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Combined heat and power Time series General results
Heat Technology specific resulks x||1of x|
Transpork
Select IUﬂitEd Kingdom j Electricity price j
i ) .
—azin= United Kingdom
[E/MYh] Electricity price
100 I E I E
1 — — — P— R
0 DU S U AU A |

— + + '
el bbby jesssssssssssssoosoag Fososesesssesssssses geessssssssososesoe o et
0 : : : :
2000 2001 2002 2003 2004 2005
onshore 720047 Z.13 1.091,65 17,82 3.087,40 469,40
offshore 3.280,00 0,97 3.280,00 53,56 1.008,00 1.080,00 |
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ITDtaI installed capacity

United Kingdom
Wind onshore

Total installed capacity
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offshore 55,56 1.000,00 1.000,00
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