
investment decision making and can consist of several 
scenarios. It may deviate from the actual simulated load 
growth. 
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Fig. 1. Overview of simulated decision-making process in the multi-
agent expansion model [14]. 

 
Each GenCo uses the same general decision model. 

However, several of the parameters that go into the 
model, such as a GenCo’s decision preference, the 
probabilities of load and hydropower scenarios, and 
available investment alternatives may vary among the 
companies. At the same time, the GenCos will learn 
about the decisions of their competitors during the 
simulation. This will contribute to differentiate the in-
vestment strategies applied by the various companies in 
the system. Another key component to investment deci-
sions is that GenCos may have distinctly different port-
folios of existing power plants. One GenCo may esti-
mate that it is profitable to build a certain new technol-
ogy because it will have little or no impact on the prof-
itability of its existing supply portfolio, while another 
GenCo may estimate that the same technology would 
not be profitable because it would have a large detri-
mental impact on its existing assets. 

3.3 EMCAS Applications 
The EMCAS model has already been used for a num-

ber of purposes. For instance, in [17] the model was 
used to study the future electricity market in the US 
state of Illinois. It was found that the transmission con-
straints clearly contribute to increasing the GenCos’ 
ability to unilaterally raise their own profits by eco-
nomic or physical withholding in the market. The po-
tential exercise of market power under two different 
congestion management schemes was studied in [16], 

using a hypothetical 11-node network. An expansion 
analysis of the South Korean power system is presented 
in [14].  

4 CASE STUDY 
In order to illustrate potential use of the EMCAS 

model, we present a small selection of results from a 
case study of the Central European electricity market. 
An aggregate representation of six countries in central 
Europe — Germany (DE), Poland (PL), Czech Republic 
(CZ), Slovakia (SK), Austria (AT), and Hungary (HU) 
— are included in the case (Fig. 2). Each country is 
represented with one node (market hub), with the ex-
ception of Germany, which is split into north (DEn) and 
south (DEs). In addition, interconnections to Switzer-
land and Italy (CH+IT) and Southeast Europe 
(SETSO+RO) are represented as importing nodes. 
Ukraine (UA) is represented as a transmission node 
without load and generation. Hourly loads are provided 
as inputs for different consumer groups (households and 
industry) in each of the countries. Annual loads and 
peak loads for each country are shown in TABLE I. 

 

 
Fig. 2.  EMCAS modeling representation of the central European 
system 

 
TABLE I 

ANNUAL LOAD, PEAK LOAD, AND LOAD DISTRIBUTION 
 DEn DEs PL CZ AT SK HU CH+ 

IT 
SETSO+

RO 
Annual 

load 
[TWh] 

250 290 13
0 60 57 26 42 15 8.5 

Peak 
load 

[GW] 
38 42 23 10 9.5 4.5 7 2.4 1.6 

 
 

TABLE II lists the installed generation capacities by 
fuel type for hypothetical GenCos in each country. The 
nuclear and coal technologies are steam turbines, whe-
reas most of the natural gas technologies are combined 
cycle plants. We are currently using aggregate units for 
all the generation technologies and assume the same 
heat rates for all plants of the same technology. In total, 
there are 68 aggregated plants currently represented in 
the input data. Each plant is divided into four bidding 
blocks. In the default bidding strategy, bids are calcu-
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