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Editorial 
This is the first in a series of semi-annual newsletters on the research project ‘OSCOGEN’ (Optimisation of Co-
generation Systems in a Competitive Market Environment), which is partially funded by the European Com-
mission (Contract No. ENK5-CT-2000-00094) and the Swiss Federal Agency of Education and Science (Contract 
No. BBW 00.0627). OSCOGEN was launched in November 2000 with an overall project duration of 27 months. 
This issue of the OSCOGEN-Newsletter covers an introductory project description – including the aim and main 
objectives of the project, a brief description of the planned work and some of the methodologies used, as well 
as a list of the partner institutions involved. For additional information and regular updates on the project pro-
gress, you may also wish to visit the OSCOGEN-Website at www.oscogen.ethz.ch, which is going to be launched 
by mid-June 2001, and which will also contain a downloadable electronic version of the OSCOGEN-Newsletter. 
 
Reinhard Madlener, Editor      Christoph Weber, Project Coordinator 
CEPE – Centre for Energy Policy and Economics        IER – University of Stuttgart 
Zurich, Switzerland                           Stuttgart, Germany 
 
 
Project Aim and Objectives 
The overall aim of the research project OSCOGEN is 
the development of a comprehensive and state-of-
the-art tool for the optimal operation of cogeneration 
plants, or combined-heat-and-power (CHP) plants, in 
a competitive energy market environment. An impor-
tant objective of the project is to build an optimi-
sation model that maps the techno-economic 
characteristics of CHP plants in detail and delivers 
reasonably accurate and robust optimisation results, 
which can then be used for operation scheduling as 
well as asset and risk management purposes. A 
second important objective is to explicitly allow for 

uncertainties caused by the various stochastic para-
meters involved (e.g., weather, fuel and electricity 
prices) – which make the identification of sufficiently 
accurate, robust and fast solutions for the optimal 
operation schedule quite challenging. A third objec-
tive is to provide a support tool for the submission of 
bids on the European electricity spot markets, and a 
fourth objective is the dissemination of the project 
results through various channels and to a wide target 
audience (CHP operators, researchers, policy-makers, 
etc.). 

 
 

 

Description of Work 
The key task of the project is to build both a short-
term and a long-term optimisation tool for efficient 
CHP plant operation, that are able to deliver fast and 
at the same time sufficiently accurate results under 
competitive market conditions. 

In a first step, a (deterministic) prototype 
optimisation model for CHP systems will be built as a 
benchmark, flexible enough to be adapted to diffe-
rent types of generating systems. This step is a pre-
paratory step for the formulation of the problem in a 
way that can be solved more rapidly by means of a 
genetic algorithm. The trade-offs between accuracy 
and speed of finding solutions when using non-linear 
models will be assessed for selected technologies. 
Based on the deterministic prototype model, the un-
certainty of the relevant parameters and variables 

will be studied and incorporated to the extent 
possible, leading to a stochastic optimisation model 
for CHP systems. Furthermore, a genetic algorithm 
based solver will be developed for the deterministic 
prototype CHP optimisation model first, and from 
there extended to solve for the stochastic CHP opera-
tion model eventually chosen. The electricity markets 
in the EU and the associated trading characteristics 
will be investigated as well as the uncertainties at the 
bidding stage and their correlation with the under-
lying market characteristics. Based on these results a 
model for identifying optimum bidding strategies will 
be built, using the approach developed before. The 
optimisation tool will be tested, adjusted and im-
proved  jointly with industrial partners in Germany 
and Slovenia through two case studies. 
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Expected Results and Exploitation Plans 
The results of the project will contain new and highly 
relevant information about the modelling of CHP 
systems, and the usefulness of genetic algorithms for 
solving optimisation problems in the energy sector. 
Furthermore, the project will provide prototype tools 
for the short-term and long-term optimisation of CHP 
system operation which can then be used by the 
industrial project partners involved (BEWAG, Berlin, 
Germany; and TE-TOL, Ljubljana, Slovenia) as well as 
others. If successful, the prototype model may be 

developed further by the research partners to become 
a commercially available tool for CHP operation. 
Finally, due to the expected operation cost reductions 
that accrue from using the CHP optimisation tool de-
veloped, the competitiveness of such plants under 
liberalised energy market conditions will be 
enhanced. Hence, an additional benefit of the OSCO-
GEN project is its contribution to the environmental 
goals of the European Community, and in particular 
to reduce CO2 and other emissions.  

 
 
Evolutionary Algorithms – A Primer 
The term ‘evolutionary algorithm’ is used to describe 
computer-based problem solving systems which use 
computational models of some of the known mecha-
nisms of evolution as seen in nature as key elements 
in their design and implementation. 

In order to understand evolutionary algo-
rithms it is necessary to have some appreciation of 
the biological processes on which they are based. We 
should note that evolution in nature is not a pur-
posive or directed process. Merely, it is determined by 
natural selection of different species competing for 
resources in the environment. Those that are better 
(‘fitter’) are more likely to survive and propagate their 
genetic material. In nature, we see that the encoding 
of genetic information (genome) is done in a process 
of reproduction. Recombination (crossover) happens 
in an environment where the selection of ‘who gets 
to mate’ is largely a function of the fitness of the 
individual, i.e., how good the individual is at compe-
ting in its environment. 

Much research on evolutionary algorithms 
has assumed that the two processes that contribute 
to evolution most are crossover and fitness based 
selection/reproduction. But evolution also requires 
diversity in order to work. In nature, an important 
source of diversity is mutation. In an evolutionary 
algorithm, a large amount of diversity is usually 
introduced at the start of the algorithm, by randomi-
sing the genes in the population. 

A variety of evolutionary algorithms have 
been implemented, but among the evolutionary 
techniques, the genetic algorithms are the most ex-
tended group of methods representing the appli-
cation of evolutionary tools. They rely on the use of 
selection, crossover, and mutation operators. 

A genetic algorithm proceeds by creating 
successive generations of increasingly better indivi-
duals by applying very simple operations. The search 
is only guided by the fitness value associated to every 
individual in the population. This value is used to rank 
individuals depending on their relative suitability for 
the problem being solved. Generation and evaluation 
of an initial population are the basic operations first 
performed by a genetic algorithm, followed by a main 
loop of operations that includes selecting the best 
individuals, crossing them, and applying mutations. 

The computational effort in a genetic algo-
rithm usually resides in the evaluation of the initial 
and new individuals. Normally the fitness function is 
complex: a mathematical function with many para-
meters, a full neural network that needs to inspect 
dozens of patterns for computing one single fitness 
value, the simulation of a given system that yields a 
figure of merit of the individual for this system, etc. 
Operators like selection, mutation, crossover or re-
placement are of linear complexity and work at con-
stant rates for a given problem. It cannot be stressed 
too strongly that a genetic algorithm is not a random 
search for a solution to a problem; though genetic 
algorithms use stochastic processes, the result is dis-
tinctly better than random.  

In principle, genetic algorithms can compute 
any computable function, i.e., everything a normal 
digital computer can do. But genetic algorithms are 
no suitable tool for optimisation problems where 
efficient ways of solving are already known. Genetic 
algorithms should be used when there is no other 
known problem solving strategy. That is where evolu-
tionary algorithms come into play: heuristically fin-
ding solutions where everything else fails. Despite 
new possibilities that genetic algorithms bring in 
solving complex problems, we should bear in mind 
that the solutions we get are not guaranteed to be 
optimal. Nevertheless, if the algorithm is designed 
properly the obtained solutions are usually not far 
from the global optimum. 
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In the OSCOGEN project genetic algorithms 
will be used for calculations of the optimal CHP plant 
operation schedule. Genetic algorithms have exhi-
bited significant advantages in finding solutions to 
non-linear and non-convex problems, and problems 
with discrete variables, in many different applica-
tions. By employing genetic algorithms we hope to 
find good solutions even to highly non-linear and 
non-convex problems formulated by detailed CHP 
model representations. For this purpose the first 
phase of research is going to be conducted towards 
finding appropriate structures of genetic algorithms 
and the possibility to enhance their performance 
with the inclusion of local optimisation techniques. 
This innovative approach chosen will facilitate to 
build a more realistic model of a CHP system in order 
to reduce costs and the consumption of resources. 



 
 
Industrial Partners’ CHP Plants as Case Studies 

 
TE-TOL’s CHP plant in Ljubljana. 
 
As mentioned above, two industrial partners are in-
volved in the OSCOGEN project, providing the oppor-
tunity for hands-on case studies: Termoelektrarna 
Toplarna Ljubljana (TE-TOL), Ljubljana, Slovenia and 
BEWAG Aktiengesellschaft, Berlin, Germany. TE-TOL is 
a public utility which currently provides over 70% of 
the heat delivered by the district heating system of 
the Slovenian capital. The total installed capacity is 
114 MW electrical power, 347 MW heat, and 36 kg/s 
process steam. The basic fuel used at TE-TOL is coal. 
Additionally, fuel oil is used for steam boiler start-ups 
and peak-load boilers. BEWAG, in contrast, is the 
long-standing supplier of electricity and district heat 
in the German capital, having one of the largest CHP 
parks in Europe. Total installed capacity of all BEWAG 
plants is 3,143 MWel and 6,425 MWth, respectively. 
 
 

 
BEWAG’s combined-cycle CHP plant Berlin-Mitte. 

Ongoing Activities 
The last project meeting, which was held in Ljubljana 
on 18/19 April 2001, offered the opportunity to visit 
the CHP plant of TE-TOL (see pictures below). The 
next project meeting is scheduled to be held at 
BEWAG in Berlin, 12/13 July 2001, offering an opportu-
nity to visit some of the BEWAG plants as well. 
 

 
The OSCOGEN team visiting TE-TOL (19 April 2001). 

 The research partners are currently in the 
process of studying the CHP operations of the indust-
rial partners and also of developing the first demo 
models, from where extensions towards stochastic 
optimisation and portfolio management models and 
the use of genetic algorithms can then proceed.  
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OSCOGEN Partner Institutions and Contact Persons 

 

 
 
(PROJECT 
COORDINATOR) 

 
Institute of Energy Economics and the 
Rational Use of Energy 
University of Stuttgart 
Heßbrühlstraße 49 
D-70565 Stuttgart 
GERMANY 
www.ier.uni-stuttgart.de  
 

 
Contact: 
Dr. Christoph Weber 
Tel. +49-711-780 61 51 
Fax. +49-711-780 39 53 
E-mail. cw@ier.uni-stuttgart.de 
 

 

 
 

 
BEWAG Aktiengesellschaft 
Puschkinallee 52 
D-12435 Berlin 
GERMANY 
www.bewag.com 
 

 
Contact: 
Dipl.-Ing. Alfred Hoffmann 
Tel. +49-30-267 149 87 
Fax. +49-30-267 101 33 
E-mail. hoffmann.alfred@bewag.com

 
 
 
 
 

 
Centre for Energy Policy and Economics 
Swiss Federal Institutes of Technology 
ETH Zentrum WEC 
CH-8092 Zurich 
SWITZERLAND 
www.cepe.ethz.ch 
 

 
Contact: 
Dr. Reinhard Madlener 
Tel. +41-1-632 06 52 
Fax. +41-1-632 10 50 
E-mail. madlener@cepe.mavt.ethz.ch 

 

 
Faculty of Electrical 
Engineering 
University of Ljubljana 

 
Faculty of Electrical Engineering 
University of Ljubljana 
Trzaska 25 
SI-1000 Ljubljana 
SLOVENIA 
www.fe.uni-lj.si  
 

 
Contact: 
Dr. Tomaz Stokelj 
Tel. +386-1-426 4650 
Fax. +386-1-426 4651 
E-mail. tomaz@strela.fe.uni-lj.si 

 

 
 

 
Institute for Advanced Studies 
Stumpergasse 56 
A-1060 Vienna 
AUSTRIA 
www.ihs.ac.at  
 

 
Contact: 
Dr. Michael Obersteiner 
Tel. +43-1-599 91-0 
Fax. +43-1-597 06 35 
E-mail. oberstei@ihs.ac.at 

 

 
Institut „Jozef Stefan“ 

 
Institut “Jozef Stefan” 
P.O. Box 3000 / Jamova 39 
SI-1001 Ljubljana 
SLOVENIA 
www.ijs.si  
 

 
Contact: 
Andreja Urbancic, M.Sc. 
Tel. +386-1-5885 224 
Fax. +386-61-5612 335 
E-mail. andreja.urbancic@ijs.si 

 

 
      TE-TOL 
 

 
Termoelektrarna Toplarna Ljubljana, d.o.o. 
Toplarniska 19 
SI-1000 Ljubljana 
SLOVENIA 
www.te-tol.si  
 

 
Contact: 
Janez Rupar, inz. str. / Me.E. 
Tel. +386-1-5875 370 
Fax. +386-1-5875 218 
E-mail. janez.rupar@te-tol.si 
 

Acknowledgement: OSCOGEN is partially funded by the European Commission (Contract No. ENK5-CT-2000-
00094) and the Swiss Federal Agency of Education and Science (participation CEPE; Contract No. BBW 00.0627). 
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