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This paper contains selected results of identificamodeling of Polish Elec-
tric Power Exchange (EPE). In order to obtain ER&esn model it was performed
identification based on figures of EPE’'s Day-Ahdddrket. During performing
identification process, parametric arx model int8ysIdentification Toolbox envi-
ronment was utilized. Generated EPE parametric inbaie been further used for
performing simulation tests and realization of symibility testing. Suitable models
were implemented in Simulink software. As a resfilsimulation and susceptibility
testing, many interesting findings has been dedider
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1. Introduction

The concept of identification modeling is best defl by the theory of control
systems, where identification is understood astiore@f a mathematical model of
the system based on the static and dynamic elenzantsell as on structures
appearing in system. Based on this definitions inssumed that identification of
Polish Electric Power Exchange (EPE) system indidtnding a relationship
between input and output system based on experangaiia.



Thus, EPE system model is more convenient to redapfinding dependen-
cies and relationships between measured data ofAbagd Market (DAM) with-
out a phenomenological knowledge of the real systemrocess occurring in the
system, i.e. without a detailed study of physideqomena occurring in the system
or process. Resulting EPE system model may bediutsed in process of the con-
trol system synthesis or in performing simulatitmdges for the purpose of deter-
mining system behavior in the future. Algorithmsrooonly used for identification
systems and processes are among others followM& method, method of least
squares (OLS), recursive least squares (RMNK) rungntal variable method,
Fast Fourier transform, and many others.

Most commonly used method to identify the contygtem is method of least
squares, which is a standard method for approxngaolutions of overdetermined
systems i.e. a set of equations in which there gsenequations than variables.
Identification methods are using it to estimate determine the trend line based
on a set of data in the form of input and outputspaf numbers. In this study,
method is for creating parametrical model using AR&thod based on EPE data.
EPE data were represented by DAM as 12 input vi@sadnd one variable output
with the progress of one hour. Inputs were reptisgrolumes of electricity sup-
plied in different hours of the day (kWh), whiletputs were representing prices
achieved on EPE for particular hours of the dagk\{(¢h). This approach ensured
delivery of 24 MISO type models in total. Numericita used in modelling relat-
ed to period from 30.06.2013 to 31.12.2013 (prégis83 days) and were gathered
for the EPE’s DAM. Process of identification wagfpemed in MATLAB and
Simulink supported by System Identification Toolld&T).

2. Problem formulation

Organization subject to modeling is Polish Powechzange in scope of busi-
ness processes related to the Day-Ahead Markehpis data, study used 24 vari-
ables (parameters) relating to the volume of aldttrdelivered for sale on stock
exchange on EPE [kWh] during certain hours duringade window, and as an
output data, respectively obtained average priceglectricity [zi/kWh]. All data
refer to six months period that is 183 days usedniodelling (starting from
30.06.2013 up to 31.12.2013).

Experiment was performed for 12 input variables am& output (MISO
models) in progressive system where singe stepref@esented as one hour in a
analyzed day (e.g. input data values for the peribd2, 2-13, 3-14, etc., and for
each of given periods individual value as an outfatt). Such approach enabled
receiving a 12 periods of the input data and faheaf them 12 ARX models, and
thus a total of 144 MISO models for further analysihis paper presents test
results for data input periods 1-12 (volume of &leity) and data values for the
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first hour (the average price of electricity forripe 0-1). Data values used for
analysis represent real data downloaded from thesie=of TGE S.A. for the trad-
ing of electricity on DAM. Sample of changes of theut quantity (ULEPE) and
output (yLEPE) for time period 0-1 is given in Flg(volume of electricity [KWh]
for time period 0-1) and Fig. 2 (the average pdtelectricity for time period 0-1
[zkwh]).

3. Polish Electric Power Exchange

Polish Electric Power Exchange (EPE, polish: Toweardsietda Energii El-
ektrycznej, TGEE) is an entity running commoditeleange market, with particu-
lar distinction of Day Ahead Market (electricityapmarket). EPE was established
through the initiative of Treasury as an esseeli@inent of the liberalization of the
electricity market. Organization and official latnef Polish Power Exchange was
carried out by Elektrim S.A., which on 7 Decemb889 launched business opera-
tions of commodity exchange market. The legal basabling operation of this
commodity exchange was the Act of 10 April 1997dEy Law). EPE system is a
subsystem of the Electricity Power Market (EPM)dtioning is based on docu-
ment: "Principles of the electricity market in Padlain 2000 and beyond", adopted
and approved by the Economic Committee of the CbohMinisters.

Initially, exchange market has operated only spadihg and subsequently
introduced a trading on Day Ahead — Intraday Marketures Market for Electric-
ity Property Rights Market, Gas Market, as weltlas CQ Emission Allowances
Market.

Electricity exchange market operates as a wholasaldet, which engages
electricity producers and wholesale buyers as agethe retail market, where ener-
gy suppliers offer consumers energy supply, comgeiimong themselves with
price and delivery terms [5-6, 9]. While modelin@E that is functioning as a
subsystem of the electricity market, it should &keh into account at least some
circumstances, such as: the specificity of thetetéty market resulting from the
physical features of the system EE, including teedhof ensuring continuous bal-
ancing of supply and demand side at any given gewdhout energy storage
options; separation of energy in terms of sepanatfoa product side from its sup-
plying network services (transmission and distitmt annual, weekly and daily
seasonality, which includes periodically repeatadeptirends observed over period
of days, weeks, months, years and even decadeteney of returning prices of
electricity to the average price level after pagsmends, seasonality, random fluc-
tuations, disturbances, etc.; unexpected, suddiee gpikes that are caused by
unforeseen events such as faults in power plamtsransmission networks, sudden
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weather changes, etc.; energy prices: oil, coal, g@enhouse gas emissions pric-
es, and many others [1-3, 5-7, 9-13]. Identificateodeling can therefore be based
on DAM electricity quotations, i.e. on quotatiorfssold energy and price obtained

for it. Therefore, development of models as a systeodels can be based on pro-
cess of identification of the above mentioned cto$ present on EPE.

Identification process is currently using differgggwerful computing envi-
ronments such as i.e. MATLAB, Mathematica STATISA|GAS or SAP. Having
regard to the technical characteristics and econaronsiderations, MATLAB
solution was used for performing EPE identificatmrocess. This solution is char-
acterized by large capabilities for research supmpby means of such libraries as
System Identification Toolbox (SIT), Control Systémolbox (CST), Optimiza-
tion Toolbox (OPT), Simulink (SIM), etc. Quotationa DAM market held daily,
enabling market participants purchase of supplyrecheither 24 or 48 hours prior
to its delivery. Each hour of delivery represenseparate contract for power (elec-
tricity) supply. Quotations on this exchange market held according to a strict
schedule. Each participant EPE has its own acanuhimay submit any amount of
orders. Each order specifies, among others, dasgn@D) of the commodity that
was the object of the transaction, designation @Dbhe exchange member enter-
ing into the transaction, type of transaction (sal@urchase), volume (the amount
of energy purchased or sold), etc.

Detailed guidance on stock exchange transactions been defined in docu-
ments “Trading Rules for the Commodities Markethef Towarowa Gietda Ener-
gii S.A. (Polish Power Exchange)”, “The Trading imer for Weekly Electricity
Forward Instruments”, “Day-Ahead Market Detailedléduof Electricity Trading
and Settlement”. The first price quotes on the DAbh the websites TGE)
appeared on 01.07.2000. Due to the adopted metroahhlyzing market data in
hourly steps for purpose of this study, analyzeta delate to two months’ period,
i.e. to all measured volumes and prices for eaghstiting from 30.06.2013 up to
31.12.2013 (for timeframe 0-1).

4. Parametric identification of EPE

For several years, Polish Electric Power Exchasgribject of an active and
comprehensive interest, not only in area of tecirbat also in area of social and
economic studies. However, until this moment, iswat yet elaborated generally
acceptable definition of electricity exchanges aystem. Concept of market, sim-
ple and understandable in practical consideratidekyers a huge theoretical and
interpretational difficulties, especially in arefistrict definition of a model deter-
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mining average price of electricity quoted on tlasib of delivered energy volume,
assuming that the model implicitly includes manifedlent types of models deter-
mining energy prices, which have led to specifiagtical relationships. Formula-
tion of the electricity market as a system followmddefinition of power exchange
as a subsystem requires a definition of the etattrimarket in terms of control
theory and systems.

Parametric identification of EPE was performed iatldb Simulink environ-
ment with support of System Identification Toolbwving capabilities of possibil-
ity of tasking a developed modeL(i-1g np=1-1g nk=1-10 and therefore to define a

degree of polynomials A(q) and B(q). Identificatiatgorithm is as follows [1-4,
9-15]:

Step 1.Determine n volume of input values that are saidtlee electricity
stock exchange in different hours of the day abeing the size of the output elec-
tricity prices in the different hours of the dayetGhumerical values containing
volume and average prices for MATLAB workspace, kghiiey are stored in the
form of two matrixes of size 183x12 (for input) ab83x1 (for output).

Step 2.Import input data to the System Identification Thmx by using the
GUI while determining the parameters of import &atidating imported data.

Step 3.Initial processing of data imported to the SITg.@emoving the con-
stant (fixed) components (Remove means).

Step 4.Selecting a parametric identification method, &BX algorithm and
performing of estimation.

Step 5.Analysis of the resulting model structure (its @ecy in relation to
the system EPE) and analysis of the identificati@thod (if adopted identification
algorithm generates the correct parameters anctgteuof the EPE model).

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

Step 7.Analysis of the correctness of the identificatioamsed 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 identificationgiein order to adopt
more than half a year period) in order to createéP& system model and thus
repeating a calculation process for the new (longeriod of measurement data.

Step 10.Establishing a new conditions for identificatiang. measurement
period, numbers of inputs and outputs, identifamatnodel (SISO, MISO, SIMO,
MIMO), etc.

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

Finally, as a result of performed experiments iriput variables (electricity
volume type), where changes for timeframe 0-1 arergin Fig. 1, and one varia-
ble output, where changes for timeframe 12-13 @rengin Fig. 2) yielded 144
ARX discrete parametric models (called AutoRegressiith exogenous input -
autoregressive model with an external input) MI$@etin the form of a matrix of
th [4, 9-15] having the following structure:

AQ T 0= B@mO a0 €y
whereA(z) andB;(2) are polynomials in the form:

A(2)=1+a, T +a,T  +..+a,,z

B/(2) =h +h, (2 +h, (72 +...+b,, 27, e

wherein:

y;(t) — output variable of price [PLN],

u(t) — input variable of electric energy [kWh],

e(t) — white noise,

z— operator of time delay,
na, nb, nk — identification parameters, adequata:— polynomial degree oA(2),
nb — polynomial degree d@;(2), nk— time delay of output in relation to the input.

System models EPE as matrichshas been obtained by parametric identifi-
cation for 183 pairs of inputs and outputs on contiee days from the first half of
2013. Example of MISO type parametric model obtdimethe process of identifi-
cation, e.g. for output related to one variableresenting the average price for
energy electricity obtained on EPE for timefram& 8nd up to 12 input variables
on the stock exchange providing volume of eledyriags as follows (model
arx431 - Fig. 3):

ALZ) ()= 3B, () () + & (1) ©)

where:

A(z)=1-0.4326 z*-1 - 0.09115 z"-2- 0.109 z"31482 z"-4,
B1(z)=-0.004636 - 0.009596 z~-1 + 0.01161 z"20606804 z"-3,
B2(z)=-0.01674 - 0.01316 z"*-1 + 0.0003487 z"-26001118 z"-3,
B3(z)= 0.001692 + 0.008312 z~-1 - 0.01295 z"-2000Q776 z"-3,
B4(z)= 0.01043 + 0.009707 z"-1 - 0.0002095 z"-204183 z"-3

B5(z)= 0.01327 + 0.003071 z"-1 - 0.001562 z"-20004529 z"-3
B6(z)= 0.01299 z"-1 + 0.003899 z"-2 - 0.006581 2930003308 z"-4
B7(z)= 0.002658 - 0.005702 z*-1 - 0.007111 z"-2640686 z"-3
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B8(z)=-0.002058 + 0.009209 z"-1 + 0.009561 792008056 z"-3
B9(z)= 0.003635 + 0.003928 z*-1 - 0.01141 z"-2062682 z"-3
B10(z)= 0.008453 - 0.01594 z~-1 - 0.004618 z"-202Q012 z"-3
B11(z)=-0.002638 - 0.003918 z"-1 - 0.003695 z" 260428 z"-3
B12(z)=-0.0007324 + 0.01391 z*-1 + 0.007164 z"62002329 z"-3

Therefore, the polynomial(x) degree equalsa=4, polynomialsBi(z2) degree
equalsnb = 3, and time delay of output relative to the inpgualsnk = 1.
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Figure 1. Example of input variable u 1 (t) - volume of etéity delivered for timeframe
0-1 [kWh]. Source Independent work of the author on MATLAB and Siimki
environment using the SIT
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Figure 2. Example of the output variable Y1T) - the averelgetricity price achieved in
timeframe 0-1 [zt / kWh]Source Independent work of the author on MATLAB and
Simulink environment using the SIT
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Peasured and simulated model output
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Figure 3. Comparative model and system EPE for timeframeh@tis for the MISO type
model . Symbols: X axis (Time) - the number of dajgdata were used to identify,
Y-axis - measured and simulated at the outputefitbdel [PLN / kWh].
Source Independent work of the author on MATLAB and Siivironments

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

The resulting model shows that there is a fairhhiiccuracy of the resulting
model in relation to the EPE system, especiallyerms of tendencies of model
output in relations to real system output (Fig. 3).

6. Summary and directions for further research of lPE

There is a possibility to perform parametric idécdition in order to generate
the system model Polish Power Exchange. As a resudentification, 24 models
of MISO type were obtained for up to 12 input vk representing the volume
of electricity delivered to the energy stock exdapamand for one output represent-
ing the average price obtained for sold electriergy, with the progress of one
hour, while output was adopted, for the next hdtard 2 hours of measurement.

Identification process is illustrated based onNH80O model, i.e. a model for
timeframe 0-12 (input data represents volume aftetéty delivered on EPE) and
for timeframe 12-13 (output data represents avepage of electricity registered
on EPE).

Further studies should cover development of sdfetigs for trading turno-
vers for electricity trading at EPE for all 24 m&lMISO EPE. Such development
may be based on rolling action identification. Deped models could be further
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used for simulation modeling by virtue of Simuliakd for model sensitivity test-
ing as well as to improve development models of BfEem DAM.

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

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