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Editorial
This is the first in a series of semi-annual newsletters on the research project WILMAR (Wind Power
Integration in Liberalised Electricity Markets), which is supported by the European Commission under the
Fifth Framework Programme (Contract No. ENK5-CT-2002-00663). The project was launched in
November 2002 with an overall project duration of 36 months. The key task of the project, in which three
industrial partners collaborate with several scientific institutions, is to analyse the technical and
economical impacts of introducing different shares of wind power in a large electricity system where the
dispatch of the power producing units is determined through trade on electricity markets. A key issue
when studying wind power impacts is to give a proper representation of the stochasticity of wind power
production. One of the main efforts of the project is therefore to develop a large stochastic optimisation
model for the liberalised electricity systems in Denmark, Finland, Germany, Norway and Sweden with
hourly time resolution. The model with data will be public and to our knowledge be the first public model
of this type. The second main effort is to analyse the issue of system stability, i.e., the wind integration
aspects connected to the fast (less than 10 minutes) fluctuations in the wind power production. One year
of the project period has passed and three project meetings have been held. The project has started up
well and the development of sub models and collection of data is in good progress. In this newsletter, the
objectives, effort and expected results of the WILMAR project is presented followed by the first results
regarding the design of the optimisation model. Finally, contact details for the institutions involved in
Wilmar are given at the end of the newsletter.
Peter Meibom, Project Co-ordinator
System Analysis Department, Risø
Roskilde, Denmark

Subscription to newsletter
People interested in being kept up to date with the
progress and results of the Wilmar project should
visit the Wilmar homepage (www.wilmar.risoe.dk).
Subscription to forthcoming issues of the Wilmar
newsletter can be done on the Wilmar homepage:
www.wilmar.risoe.dk/tilmelding_til_newsletter.htm.
People who register to the newsletter will join the
Wilmar dissemination group and be informed
about the workshops and publications of the
project.

Project Description
Objectives
A fast introduction of large amounts of intermitting
renewable power production such as wind power
can cause technical and economical problems of
the power systems. These problems might arise
due to unpredictability of wind power or due to
imbalance between local power demands and
intermitting power produced causing grid
instabilities. The main objective of WILMAR is to
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investigate these problems and to develop a
modelling tool (hereafter called the Planning
model), which can be used to simulate alternative
solutions providing a firm basis for decisionmaking by system operators, power producers
and energy authorities.
Description of Work
The modelling and simulation efforts can be
divided into two parts. One part consists of an
investigation of wind integration ability of large
electricity systems with substantial amounts of
power trade in power pools. With the starting point
in the Balmorel model (see www.balmorel.dk), an
hour-by-hour stochastic optimisation model of an
electricity system where the basic dispatch of the
power producing units is governed by trade on a
day-ahead market and a regulating power (intraday) market is developed. This Planning model is
used to investigate the technical and cost issues
of integrating large amounts of wind power into
the electricity system. The Planning model will
cover the two power pools: Nord Pool and
European Power Exchange (EEX), i.e., Germany,
Denmark, Norway, Sweden and Finland. It will be
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tested by different end-users, e.g., systems
operators and power producers, who are also
expected to be users of the final Planning model.
Secondly, the issue of system stability is
investigated, i.e., the wind integration aspects
connected to the fast (less than 10 minutes)
fluctuations in the wind power production, with the
use of dedicated power system simulation tools. It
includes the analysis of a number of case studies,
especially selected for large-scale integration of

renewable energy generation and with expected
potential stability problems. The worst cases will
be selected based on input from model runs with
the Planning model.
Finally, the results obtained will be
summarised
and
used
to
provide
recommendations about the technical integration
possibilities, the integration costs of wind power
and the organisation of power pools.

Design of the Planning Model
Model Goals
One of the main goals in the WILMAR project is to
make a model of a large liberalised electricity
system covering the following countries: Denmark,
Finland, Germany, Norway and Sweden. The
purpose of the Planning model is to analyse the
impacts of significant amounts of wind power in
the North European electricity system. The
dispatch of the generating units in the electricity
system is governed by trade on three markets:
A day-ahead market for physical delivery
of electricity where the Elspot market at Nord Pool
is taken as the starting point. This market will in
the following text be called the day-ahead
market.
An intra-day market for handling
deviations between production and consumption
agreed upon on the day-ahead market and the
realized values of production and consumption in
the actual operation hour. Regulating power can
be traded up to the start of the actual operation
hour. Hourly mean-values are used meaning that
there is no inter-hour regulation happening in the
model. Both flexible producers and flexible
consumers offer regulating power on this market,
which in the following text is called the intra-day
market. The demand for regulating power is
defined by the forecast errors connected to the
wind power production.
A day-ahead market for automatically
activated reserve power (frequency activated or
load-flow activated). The demand for these
ancillary services is determined exogenously to
the model. This market will be called the ancillary
services market.
Several reference years (2000-2002) with
historical demand, production, transmission and
market data will be used to test and calibrate the
model. Scenario calculations for future years
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where large amounts of wind power have been
introduced in the electricity system will be
performed.
Furthermore,
shorter
time
periods
representing critical combinations of hydrological
situations, load situations and wind situations will
be simulated to be able to determine the wind
power induced reserve power requirements.
At the Wilmar project meetings, the goals
for the Planning model have been discussed,
which has resulted in the following list of model
goals:
Public available data and model: the model
(including data) should be public so that the model
can be used by other organisations than those
included in the project consortium.
Data should be verified and reflect the existing
power system.
Electricity Price scenarios: the Planning tool
should be able to make well-founded electricity
price scenarios.
Market impacts: the model must be able to
calculate the impacts of different amounts of wind
power in the electricity system on prices found on
the day-ahead market and the intra-day market.
Technical impacts: the impact of wind power on
the operating patterns of generating plants and
storage technologies must be possible to analyse
with the model.
With regard to more specific uses of the
model,
the
model
should
for
different
configurations of the electricity system (e.g.
different amounts of wind power in the system) be
able to calculate the marginal values of adding
one extra MW capacity of different units such as
production units and transmission units. Also, the
value of better wind forecasting should be
quantified in the model.
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Figure 1: The chosen geographical division of countries into regions in the Planning tool (the division of
Germany into regions is not shown in the figure).

Basic Modelling Assumptions
Short Term Marginal Pricing
We assume perfect competition where power
suppliers offer electricity to the short-term
marginal cost of generation of the power plants.
This assumption covers both the day-ahead and
the intra-day market. For a given power plant, the
short-term marginal cost of generation covers the
price of the fuel input and the variable operation
and maintenance costs, including start/stop costs.
Number of Markets for Physical Delivery of
Electricity
As mentioned in the “Model Goals” section, we
suggest to only include three electricity markets in
the model, namely the day-ahead market, the
intra-day market and the ancillary services market.
Over-the-counter/bilateral trading of physical
power contracts will not be included in the model,
because in a perfect market the power prices of
the bilateral contracts will reflect the expected
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prices on the day-ahead market, and the inclusion
of OTC trading will, therefore, have little impact on
the model results.
The day-ahead and intra-day markets will cover
the whole geographical area, i.e., we assume that
the day-ahead markets at Nord Pool and EEX can
1
be analysed as one market , and the same goes
for the intra-day market.
Other Markets Represented in the Model
Three further markets are taken into account that
influence and may interact with the above
markets. These are markets for:
District-heating and process heating.
Tradable Green certificates (TGCs).

1

Although we assume one market covering the
whole geographical area, this does not imply that
we will only have one-market price in the whole
area. Exchange restrictions between regions will
result in different region prices.
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CO2 quotas and Tradable CO2 Emission Permits
(TEPs).
The markets for district heating and
process-heating will be represented in the model,
because they interact with the electricity markets
due to the existence of CHP plants, electrical heat
pans and heat pumps.
The TGC market and TEP market
influence the functioning of the power system by
changing the marginal cost levels for actors
bidding at the day-ahead and intra-day markets.

Geography
The countries in the model are subdivided into
regions, which again is subdivided into areas. The
regions are introduced to handle electricity
transmission aspects and correspond to bidding
areas as seen on the Nord Pool market. Figure 1
shows the regions in the model except the regions
in Germany. Germany will be divided into three
regions.

Model Overview
Figure 2 shows an overview of the models that
either provide input to the planning model or
constitute the planning model. The exchange of
forecast data and data for the actual operating
hour between models is illustrated in the figure. A
number of models provide input to the planning
model as also seen in the figure. The Planning
model consists of two sub models corresponding
to optimisation over two different time horizons.
Due to the existence of hydro reservoirs
and limitations on the amount of water inflow to
the hydropower system the use of hydropower
must be optimized over a one-year (or longer)
horizon. Furthermore if we assume the existence
in the model of a fixed CO2 quota for the North
European electricity system, the CO2 emissions
from the power plants will be subject to a longterm (yearly) restriction.
The long-term model will optimise the use
of water inflow and CO2 quotas over a one-year
horizon. The input from the long-term model to the
Joint Market model will be one table with the water
values (opportunity costs of using stored water) as
a function of reservoir filling and time of year, and
another table with the CO2 shadow prices as a
function of the fraction of the available CO2 quota
still not used and the time of year.
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The Joint Market model will optimise the
use of heat and power generating technologies
and heat and power storage technologies during a
bidding period subject to a flexible demand. More
precisely, the model will optimise the sum of
consumers’ and producers’ surplus on both the
day-ahead market and the intra-day market (socalled joint optimisation) taking the stochastic
nature of the demand for regulating power on the
intra-day market into account. This means that for
generating technologies with a flexible power
output the amount of power offered at the dayahead market will not always be the maximal
power output available, but sometimes they will
offer less at the day-ahead market due to an
expected revenue from the selling of up-regulation
at the intra-day market.
Implementing joint optimisation in the
Joint Market model means that the amounts and
marginal costs of regulating power available in a
future operating hour as a function of the
regulation needs in the bidding period will be
determined in the Joint Market model.
Furthermore the Joint Market model takes
into account that some part of the available
production capacity must be reserved for
providing automatically activated reserve power.
The distribution of the demand for ancillary
services on the power plants available for
providing these services is done endogenously in
the model by including this ancillary services
market in the optimisation of consumers and
producers surplus.
The Joint Market model will use water
values and CO2 shadow prices obtained from the
Long Term model and input from other models to
determine the short-term marginal costs of
different supply technologies.
Combined with the heat and power
demand curves obtained from the heat demand
and power demand models, and combined with
forecasts of the amount of up- or down regulation
needed in the actual operating hours, the dayahead market model for each operating hour in
the bidding period determines production,
consumption and prices on the day-ahead market.
The demand for either up- or down-regulation in
each hour in the bidding period is calculated by
comparing the forecasted values of wind power
production and power demand (and maybe other
parameters) with the realised values. Having
determined the realised state, the results from the
Joint Market model will determine how the units
were actually
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Figure 2: Overview of the data input and models that either provide input to the Planning model or
constitute the Planning model. The models shown will exchange data and some of the data flows are
illustrated in the figure.
operated during the day-ahead market period and
the resulting prices on the intra-day market.
The market crosses at the day-ahead and
intra-day markets will determine the dispatch of
the generating units and this furthermore
determines the power flows in the system (the
dispatch being modified in the presence of
bottlenecks in the transmission grid). Furthermore
the market crosses is based on a marginal cost
approach, so the difference between the prices
obtained at the day-ahead and intra-day markets
and the marginal costs of a given unit will
determine the profit of operating the unit in the
electricity system.

Status for Planning model development
The first version of the planning model will be
tested in the beginning of 2004.
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Wilmar Partner Institutions and Contacts
Risø National Laboratory
Frederiksborgvej 399
P.O. Box 49
4000 Roskilde

Denmark
Web: www.Risø.dk

(Project Coordinator)



Contact:
Dr. Peter Meibom
Tel: +45 4677 5119
Fax: +45 4677 5199
E-mail: peter.meibom@Risø.dk

Elkraft System a.m.b.a.
Planning Department
Lautruphøj 7
2750 Ballerup
Denmark
Web: www.elkraft-system.dk
Elsam A/S
Overgade 45
7000 Fredericia

Contact:
Claus Stefan Nielsen
Tel: +45 4487 3621
Fax: +45 4487 3610
E-mail: csn@elkraft.dk

Nord Pool Consulting AS
Vollsveien 19
P.O. Box 373
1326 Lysaker
Norway
Web: www.nordpoolconsulting.com
Royal Institute of Technology
Department of Electrical Engineering
Teknikringen 33
100 44 Stockholm

Contact:
Jan Andersen
Tel: +47 6710 8511
Fax: +47 6710 8501
E-mail: jan.andersen@nordpool.com

Contact:
Flemming Nissen
Tel: +45 76 22 24 01
Fax: +45 76 22 24 50
Denmark
E-mail: fn@elsam.com
Web: www.elsam.com
Web: www.elsam.com
Institute of Energy Economics and the Contact:
Dr. Kai Sander
Rational Use of Energy (IER)
University of Stuttgart
Tel: +49 (0) 711 780 61 - 32
Hessbruehlstrasse 49a
Fax: +49 (0) 711 / 780 53 - 53
D-70565 Stuttgart, Germany
E-mail: ks@ier.uni-stuttgart.de
Web: www.ier.uni-stuttgart.de







Sweden
Web: www.ekc.kth.se
SINTEF Energy Research
Sem Saelandsvei 11
7465 Trondheim

Norway
Web: www.energy.sintef.no





Contact:
Prof. Lennart Söder
Tel: +46 8790 8906
Fax: +46 87906510
E-mail: lennart.soder@ekc.kth.se
Contact:
Dr. Kjetil Uhlen
Tel: +47 73597204
Fax: +47 73 59 72 50
E-mail: Kjetil.Uhlen@sintef.no

Technical University of Denmark
Informatics and Mathematical Modelling
Richard Petersens Plads, Building 321
2800 Kgs. Lyngby
Denmark
Web: www.imm.dtu.dk

Contact:
Dr. Hans Ravn
Tel: +45 4525 3386
Fax: +45 4588 2673
E-mail: hrv@imm.dtu.dk

VTT Processes
Tekniikantie 4 C
P.O. Box 1606
02044 VTT Espoo

Contact:
Hannele Holttinen
Tel: +358 9 456 5798
Fax; +358 9 456 6538
E-mail: hannele.holttinen@vtt.fi

Finland
Web: www.vtt.fi
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