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This paper contains selected results of identification modeling of Polish Elec-
tric Power Exchange (EPE). In order to obtain EPE system model it was performed 
identification based on figures of EPE’s Day-Ahead Market. During performing 
identification process, parametric arx model in System Identification Toolbox envi-
ronment was utilized. Generated EPE parametric model has been further used for 
performing simulation tests and realization of susceptibility testing. Suitable models 
were implemented in Simulink software. As a result of simulation and susceptibility 
testing, many interesting findings has been delivered.  
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1. Introduction 

The concept of identification modeling is best defined by the theory of control 
systems, where identification is understood as creation of a mathematical model of 
the system based on the static and dynamic elements as well as on structures  
appearing in system. Based on this definition, it is assumed that identification of 
Polish Electric Power Exchange (EPE) system indicates finding a relationship  
between input and output system based on experimental data. 



196 

Thus, EPE system model is more convenient to receive by finding dependen-
cies and relationships between measured data of Day-Ahead Market (DAM) with-
out a phenomenological knowledge of the real system or process occurring in the 
system, i.e. without a detailed study of physical phenomena occurring in the system 
or process. Resulting EPE system model may be further used in process of the con-
trol system synthesis or in performing simulation studies for the purpose of deter-
mining system behavior in the future. Algorithms commonly used for identification 
systems and processes are among others following: LMS method, method of least 
squares (OLS), recursive least squares (RMNK), instrumental variable method, 
Fast Fourier transform, and many others.  

Most commonly used method to identify the control system is method of least 
squares, which is a standard method for approximating solutions of overdetermined 
systems i.e. a set of equations in which there is more equations than variables. 
Identification methods are using it to estimate and determine the trend line based 
on a set of data in the form of input and output pairs of numbers. In this study, 
method is for creating parametrical model using ARX method based on EPE data. 
EPE data were represented by DAM as 12 input variables and one variable output 
with the progress of one hour. Inputs were representing volumes of electricity sup-
plied in different hours of the day (kWh), while outputs were representing prices 
achieved on EPE for particular hours of the day (zł/kWh). This approach ensured 
delivery of 24 MISO type models in total. Numerical data used in modelling relat-
ed to period from 30.06.2013 to 31.12.2013 (precisely 183 days) and were gathered 
for the EPE’s DAM. Process of identification was performed in MATLAB and 
Simulink supported by System Identification Toolbox (SIT). 

2. Problem formulation 

Organization subject to modeling is Polish Power Exchange in scope of busi-
ness processes related to the Day-Ahead Market. As input data, study used 24 vari-
ables (parameters) relating to the volume of electricity delivered for sale on stock 
exchange on EPE [kWh] during certain hours during a trade window, and as an 
output data, respectively obtained average prices for electricity [zł/kWh]. All data 
refer to six months period that is 183 days used for modelling (starting from 
30.06.2013 up to 31.12.2013). 

Experiment was performed for 12 input variables and one output (MISO 
models) in progressive system where singe step was represented as one hour in a 
analyzed day (e.g. input data values for the periods 1-12, 2-13, 3-14, etc., and for 
each of given periods individual value as an output data). Such approach enabled 
receiving a 12 periods of the input data and for each of them 12 ARX models, and 
thus a total of 144 MISO models for further analysis. This paper presents test  
results for data input periods 1-12 (volume of electricity) and data values for the 
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first hour (the average price of electricity for period 0-1). Data values used for 
analysis represent real data downloaded from the website of TGE S.A. for the trad-
ing of electricity on DAM. Sample of changes of the input quantity (u1EPE) and 
output (y1EPE) for time period 0-1 is given in Fig. 1 (volume of electricity [kWh] 
for time period 0-1) and Fig. 2 (the average price of electricity for time period 0-1 
[zł/kWh]). 

3. Polish Electric Power Exchange 

Polish Electric Power Exchange (EPE, polish: Towarowa Giełda Energii El-
ektrycznej, TGEE) is an entity running commodity exchange market, with particu-
lar distinction of Day Ahead Market (electricity spot market). EPE was established 
through the initiative of Treasury as an essential element of the liberalization of the 
electricity market. Organization and official launch of Polish Power Exchange was 
carried out by Elektrim S.A., which on 7 December 1999 launched business opera-
tions of commodity exchange market. The legal basis enabling operation of this 
commodity exchange was the Act of 10 April 1997 (Energy Law). EPE system is a 
subsystem of the Electricity Power Market (EPM) functioning is based on docu-
ment: "Principles of the electricity market in Poland in 2000 and beyond", adopted 
and approved by the Economic Committee of the Council of Ministers. 

Initially, exchange market has operated only spot trading and subsequently  
introduced a trading on Day Ahead – Intraday Market, Futures Market for Electric-
ity Property Rights Market, Gas Market, as well as the CO2 Emission Allowances 
Market. 

Electricity exchange market operates as a wholesale market, which engages 
electricity producers and wholesale buyers as well as the retail market, where ener-
gy suppliers offer consumers energy supply, competing among themselves with 
price and delivery terms [5-6, 9]. While modeling EPE, that is functioning as a 
subsystem of the electricity market, it should be taken into account at least some 
circumstances, such as: the specificity of the electricity market resulting from the 
physical features of the system EE, including the need of ensuring continuous bal-
ancing of supply and demand side at any given period without energy storage  
options; separation of energy in terms of separation of a product side from its sup-
plying network services (transmission and distribution); annual, weekly and daily 
seasonality, which includes periodically repeated price trends observed over period 
of days, weeks, months, years and even decades; tendency of returning prices of 
electricity to the average price level after passing trends, seasonality, random fluc-
tuations, disturbances, etc.; unexpected, sudden price spikes that are caused by 
unforeseen events such as faults in power plants and transmission networks, sudden 
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weather changes, etc.; energy prices: oil, coal, gas, greenhouse gas emissions pric-
es, and many others [1-3, 5-7, 9-13]. Identification modeling can therefore be based 
on DAM electricity quotations, i.e. on quotations of sold energy and price obtained 
for it. Therefore, development of models as a system models can be based on pro-
cess of identification of the above mentioned conditions present on EPE. 

Identification process is currently using different powerful computing envi-
ronments such as i.e. MATLAB, Mathematica STATISTICA, SAS or SAP. Having 
regard to the technical characteristics and economic considerations, MATLAB 
solution was used for performing EPE identification process. This solution is char-
acterized by large capabilities for research supporting by means of such libraries as 
System Identification Toolbox (SIT), Control System Toolbox (CST), Optimiza-
tion Toolbox (OPT), Simulink (SIM), etc. Quotations on DAM market held daily, 
enabling market participants purchase of supply contract either 24 or 48 hours prior 
to its delivery. Each hour of delivery represents a separate contract for power (elec-
tricity) supply. Quotations on this exchange market are held according to a strict 
schedule. Each participant EPE has its own account and may submit any amount of 
orders. Each order specifies, among others, designation (ID) of the commodity that 
was the object of the transaction, designation (ID) of the exchange member enter-
ing into the transaction, type of transaction (sale or purchase), volume (the amount 
of energy purchased or sold), etc. 

Detailed guidance on stock exchange transactions have been defined in docu-
ments “Trading Rules for the Commodities Market of the Towarowa Giełda Ener-
gii S.A. (Polish Power Exchange)”, “The Trading Terms for Weekly Electricity 
Forward Instruments”, “Day-Ahead Market Detailed Rules of Electricity Trading 
and Settlement”. The first price quotes on the DAM (on the websites TGE)  
appeared on 01.07.2000. Due to the adopted method for analyzing market data in 
hourly steps for purpose of this study, analyzed data relate to two months’ period, 
i.e. to all measured volumes and prices for each day starting from 30.06.2013 up to 
31.12.2013 (for timeframe 0-1). 

4. Parametric identification of EPE 

For several years, Polish Electric Power Exchange is subject of an active and 
comprehensive interest, not only in area of technical but also in area of social and 
economic studies. However, until this moment, it was not yet elaborated generally 
acceptable definition of electricity exchanges as a system. Concept of market, sim-
ple and understandable in practical considerations, delivers a huge theoretical and 
interpretational difficulties, especially in area of strict definition of a model deter-
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mining average price of electricity quoted on the basis of delivered energy volume, 
assuming that the model implicitly includes many different types of models deter-
mining energy prices, which have led to specific practical relationships. Formula-
tion of the electricity market as a system followed by definition of power exchange 
as a subsystem requires a definition of the electricity market in terms of control 
theory and systems. 

Parametric identification of EPE was performed in Matlab Simulink environ-
ment with support of System Identification Toolbox having capabilities of possibil-
ity of tasking a developed model ( 101,101,101 −=−=−= nknbna  and therefore to define a 
degree of polynomials A(q) and B(q). Identification algorithm is as follows [1-4,  
9-15]: 

Step 1. Determine n volume of input values that are sold on the electricity 
stock exchange in different hours of the day and n being the size of the output elec-
tricity prices in the different hours of the day. Get numerical values containing 
volume and average prices for MATLAB workspace, where they are stored in the 
form of two matrixes of size 183x12 (for input) and 183x1 (for output). 

Step 2. Import input data to the System Identification Toolbox by using the 
GUI while determining the parameters of import and validating imported data. 

Step 3. Initial processing of data imported to the SIT, e.g. removing the con-
stant (fixed) components (Remove means). 

Step 4. Selecting a parametric identification method, e.g. ARX algorithm and 
performing of estimation. 

Step 5. Analysis of the resulting model structure (its accuracy in relation to 
the system EPE) and analysis of the identification method (if adopted identification 
algorithm generates the correct parameters and structure of the EPE model). 

Step 6. Decision regarding adoption of a model or a repetition of identifica-
tion process using same or a new method for identification. 

Step 7. Analysis of the correctness of the identification based on delivered 
model (e.g. model stability analysis). 

Step 8. Export of delivered EPE model to Workspace. 
Step 9. Decision of changing a period of identification (e.g. in order to adopt 

more than half a year period) in order to create a EPE system model and thus  
repeating a calculation process for the new (longer) period of measurement data. 

Step 10. Establishing a new conditions for identification, e.g. measurement 
period, numbers of inputs and outputs, identification model (SISO, MISO, SIMO, 
MIMO), etc. 

Step 11. Printout of EPE model as a result of identification process (or mod-
els catalogue). 
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5. MISO type EPE parametric models 

Finally, as a result of performed experiments for 12 input variables (electricity 
volume type), where changes for timeframe 0-1 are given in Fig. 1, and one varia-
ble output, where changes for timeframe 12-13 are given in Fig. 2) yielded 144 
ARX discrete parametric models (called AutoRegressive with exogenous input - 
autoregressive model with an external input) MISO type in the form of a matrix of 
th [4, 9-15] having the following structure: 
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where Aj(z) and Bi(z) are polynomials in the form: 
 
 
 
 

 
wherein: 

yj(t) –  output variable of price [PLN], 
ui(t) – input variable of electric energy [kWh],  
ei(t) – white noise, 
z – operator of time delay, 

na, nb, nk – identification parameters, adequate: na – polynomial degree of Aj(z),  
nb – polynomial degree of Bi(z), nk – time delay of output in relation to the input. 

System models EPE as matrices th has been obtained by parametric identifi-
cation for 183 pairs of inputs and outputs on consecutive days from the first half of 
2013. Example of MISO type parametric model obtained in the process of identifi-
cation, e.g. for output related to one variable representing the average price for 
energy electricity obtained on EPE for timeframe 0-1 and up to 12 input variables 
on the stock exchange providing volume of electricity is as follows (model  
arx431 - Fig. 3): 
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where:  
A(z)= 1 - 0.4326 z^-1 - 0.09115 z^-2- 0.109 z^-3 - 0.1482 z^-4,         
B1(z)= -0.004636 - 0.009596 z^-1 + 0.01161  z^-2 + 0.006804 z^-3,          
B2(z)= -0.01674 - 0.01316 z^-1 + 0.0003487 z^-2 + 0.0001118 z^-3,  
B3(z)= 0.001692 + 0.008312 z^-1 - 0.01295 z^-2 + 0.001776 z^-3,  
B4(z)= 0.01043 + 0.009707 z^-1 - 0.0002095 z^-2 - 0.0153 z^-3       
B5(z)= 0.01327 + 0.003071 z^-1 - 0.001562 z^-2 - 0.0004529 z^-3  
B6(z)= 0.01299 z^-1 + 0.003899 z^-2 - 0.006581 z^-3 - 0.0003308 z^-4  
B7(z)= 0.002658 - 0.005702 z^-1 - 0.007111 z^-2 + 0.01386 z^-3  
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B8(z)= -0.002058 + 0.009209 z^-1 + 0.009561 z^-2 - 0.008056 z^-3                                                
B9(z)= 0.003635 + 0.003928 z^-1 - 0.01141 z^-2 + 0.02382 z^-3                                                               
B10(z)= 0.008453 - 0.01594 z^-1 - 0.004618 z^-2 - 0.02212 z^-3                                                  
B11(z)= -0.002638 - 0.003918 z^-1 - 0.003695 z^-2 + 0.00428 z^-3                                                                         
B12(z)= -0.0007324 + 0.01391 z^-1 + 0.007164 z^-2 - 0.002329 z^-3                                                            

Therefore, the polynomial A(x) degree equals na = 4, polynomials Bi(z) degree 
equals nb = 3, and time delay of output relative to the input equals nk = 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Example of input variable u 1 (t) - volume of electricity delivered for timeframe 

0-1 [kWh]. Source: Independent work of the author on MATLAB and Simulink  
environment using the SIT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Example of the output variable Y1T) - the average electricity price achieved in 
timeframe 0-1 [zł / kWh]. Source: Independent work of the author on MATLAB and  

Simulink environment using the SIT 
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Figure 3. Comparative model and system EPE for timeframe 0-1 hours for the MISO type 

model . Symbols: X axis (Time) - the number of days of data were used to identify,  
Y-axis - measured and simulated at the output of the model [PLN / kWh].  

Source: Independent work of the author on MATLAB and SIT environments 
 

Analysis of input variables represented as on Fig. 1 shows downward trend in 
the total volume of electricity delivered for sold on the stock exchange, and the 
output variable presented on Fig. 2 shows the declining trend in the average price 
for sold electricity EPE for DAM quotations.  

The resulting model shows that there is a fairly high accuracy of the resulting 
model in relation to the EPE system, especially in terms of tendencies of model 
output in relations to real system output (Fig. 3). 

6. Summary and directions for further research of EPE 

There is a possibility to perform parametric identification in order to generate 
the system model Polish Power Exchange. As a result of identification, 24 models 
of MISO type were obtained for up to 12 input variables representing the volume 
of electricity delivered to the energy stock exchange and for one output represent-
ing the average price obtained for sold electric energy, with the progress of one 
hour, while output was adopted, for the next hour after 12 hours of measurement. 

Identification process is illustrated based on the MISO model, i.e. a model for 
timeframe 0-12 (input data represents volume of electricity delivered on EPE) and 
for timeframe 12-13 (output data represents average price of electricity registered 
on EPE). 

Further studies should cover development of safety limits for trading turno-
vers for electricity trading at EPE for all 24 models MISO EPE. Such development 
may be based on rolling action identification. Developed models could be further 
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used for simulation modeling by virtue of Simulink and for model sensitivity test-
ing as well as to improve development models of EPE system DAM. 

It has been identified need and possibilities for Polish Power Exchange sys-
tem modeling in order to get the system model EPE for Day-Ahead Market 
(DAM). One of the modeling methods leading to a system model modeling is EPE 
identification. In order to obtain an EPE identification system model, values for 
particular timeframes (particular hour of day) were collected posted on DAM and 
used in the identification process of EPE system model. 

Emerging identification system model (EPE) is to be used in further research, 
especially in area of field testing simulations regarding to practicable directions of 
EPE development as well as on sensitivity testing of EPE in the event of unusual 
circumstances that may occur in crisis situations. Modeling method can also be 
used to build a model of identifying safety control of the development of the elec-
tricity market in Poland. 

REFERENCES 

[1] Contreras J., Espínola R., Nogales F. J., and Conejo A. J. (2003), ARIMA Models to 
Predict Next-Day Electricity Prices. IEEE Transactions On Power Systems, Vol. 18, 
No. 3, August, pp. 1014-1020.  

[2] Bina M. T., and Ahmadi D. (2015), Stochastic Modeling for the Next Day Domestic 
Demand Response Applications. IEEE Transactions On Power Systems, Vol. 30, No. 
6, November, pp. 2880-2893. 

[3] Góra K., Strzała A. (2013), Forecasting Energy Prices on the Polish Power Exchange. 
Zarządzanie i Finanse. No. 3, Part 2, pp. 17-32. 

[4] Królikowski A., Horla D. (2005), Identyfikacja obiektów sterowania. Metody dys-
kretne. Wydawnictwo Politechniki Poznańskiej. Warszawa. 

[5] Malko J. (2008), Rozpad systemu elektroenergetycznego. Wyłączanie źródeł. Przej-
ście do pracy na potrzeby własne. Ocena zdolności utrzymania się źródła na potrzeby 
własne. Raport z realizacji: zadanie nr 6, podzadanie nr 6.2.7. Projekt Badawczy  
zamawiany Nr PBZ-MEiN-1/2/2006 pt. “Bezpieczeństwo elektroenergetyczne kraju: 
Konsorcjum Politechnik: Gdańskiej, Śląskiej, Warszawskiej i Wrocławskiej”.  
Wydział Elektryczny. Politechnika Wrocławska, Wrocław. 

[6] Mielczarski W. (2000), Rynki energii elektrycznej. Wybrane aspekty techniczne  
i ekonomiczne. ARE S.A. Warszawa. 

[7] Paska J. (2005), Niezawodność systemów elektroenergetycznych. OW PW, Warszawa. 

[8] Raczkowski K. (2014), Bezpieczeństwo ekonomiczne obrotu gospodarczego. Eko-
nomia, prawo, zarządzanie. Wydawnictwo Wolters Kluwer. Warszawa. 

 



204 

[9] Tchórzewski J., Marlęga R. (2015), Model parametryczny bezpieczeństwa rozwoju 
Towarowej Giełdy Energii Elektrycznej i jego implementacja w środowisku MA-
TLABA i Simulinka. Przedsiębiorczość i Zarządzanie, Tom XVI, Zeszyt 8, część 3, 
Wydawnictwo SAN, Warszawa, str. 323-334. 

[10] Tchórzewski J. (2013), Rozwój system elektroenergetycznego w ujęciu teorii stero-
wania i systemów. Monografie, Oficyna Wydawnicza PWr., Wrocław. 

[11] Tchórzewski J. (2010), The Security of Polish Electrical Power System Development, 
[in:] Different Faces of Security from Knowledge to Management. Institute for Secu-
rity and Development Policy, [ed.] Raczkowski K., i in., Stockholm-Nacka, Sweden, 
str.237-263.  

[12] Tchórzewski J. (2009), Ocena modeli rozwoju systemu elektroenergetycznego z 
punktu widzenia efektywności i bezpieczeństwa. Materiały Konferencyjne XIV Mię-
dzynarodowej Konferencji Naukowej „Aktualne Problemy w Elektroenergetyce”. PG. 
Gdańsk-Jurata. 

[13] Tchórzewski J. (2008), Development of Electrical Power System from Point of Viev 
of Safetly. Preccedings of  2008 IEEEI 25-th Convention of Electrical and Electronics 
Engineers in Israel. IEEE Xplore. 

[14] Tchórzewski J. (1990), Inżynieria rozwoju systemów, Monografie nr 18, WSR-P, 
Siedlce. 

[15] Zimmer A., Englot A. (2005), Identyfikacja obiektów i sygnałów. Wydawnictwo  
Politechniki Krakowskiej, Kraków. 

 


