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ABSTRACT

Overall price optimization strategy in the deregulated electricity market is one of the most important
challenges for the participants, In this paper, we used Contingency Analysis Module of NEPLAN
Software, a strategy of pricing to market participants is depicted.

Each of power plants according to their size and share of the Contingency Analysis should be considered
in the price of its hour. In the second stage, each of the power plants and cross-border supplier required
forecasts on price and load request for determined hours, that can be used Artificial Neural networks.
Thus, an efficient integrated model of optimized pricing for participants in the power market is extracted.
The result of this study in the Azerbaijan power network for the special day and hour checked and has

been provided.
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1. INTRODUCTION

Due to the orientation, the entire trading
world's energy in the power market,
currently all enterprise energy trading, "on
the Ministry of Energy" carried out in the
power market. One of the major debates in
this field for market participants, the
categories of "Pricing” and "how to win" is
in this competitive environment.

Contingencies are defined as potentially
harmful disturbances that occur during the
steady state operation of a power system [1].

Contingency analysis is the study of the
outage of elements such as transmission
lines, transformers and generators, and
investigation of the resulting effects on line
power flows and bus voltages of the
remaining system. It represents an important
tool to study the effect of elements outages
in power system security during operation
and planning. Contingencies referring to
disturbances such as transmission element
outages or generator outages may cause
sudden and large changes in both the
configuration and the state of the system.
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Contingencies may result in severe
violations of the operating constraints.
Consequently, planning for contingencies
forms an important aspect of secure
operation [2].

So with the knowledge this fact, and given
that in the restructured environment (Power
Market) to predict, daily price CONTERAS
and colleagues found the modified ARIMA
model have been introduced for forecasting
market price "next-day" [4]. Neural
networks in load forecasting, much has been
used [5]. Now also use this tool to forecast
the short term electricity price. For example,
RAMSY and colleagues combined method
based on artificial neural networks and fuzzy
logic by giving an example of a market in
Wales and England has suggested [6].
SKZUTA as well has been used a three-
layer neural network with back propagation
error learning method, to predict the market
price of electricity [7].

Now in this paper, by combining these two
methods, first, identify the efficient cross-
border supply lines and power plants for the
specified hours in Azerbaijan network, and
then use of artificial neural networks to
predict the load and energy prices in the
specified hours. Until Power Market
participants, recognize their position at the
desired hours (According to the proportion
of their influence) in the power market.
Finally, an optimal price strategy would be
formulated.

2. Methodology
2.1 Contingency Analysis Studies

The most difficult methodological problem
to cope within contingency analysis is the
accuracy of the method and the speed of
solution of the model used. The operator
usually needs to know if the present
operation of the system is secure and what
will happen if a particular outage occurs.
Operations personnel must recognize which
line or generator outages will cause power
flows or voltages to go out of their limits. In
order to predict the effects of outages,
contingency analysis technique is used.
Contingency analysis procedures model a
single equipment failure event, that is one
line or one generator outage, or multiple
equipment failure events, that is two
transmission lines, a transmission line and a
generator; one after another in sequence
until all credible outages have been studied.
For each outage tested, the contingency
analysis procedure checks all power flows
and voltage levels in the network against
their respective limits [3].

2.2 Methods of Contingency Analysis

Methods based on AC power flow
calculations are considered to be
deterministic methods which are accurate
compared to DC power flow methods.[1]
The methods used for analyzing the
contingencies are based on full AC load
flow analysis are faster and accurate. And
therefore the wide use of the network
control center. Because the contingency
alarms came too late for operators to act,
they are worthless. Most operations control
centers that use an AC power flow program
for contingency analysis use either a
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Newton-Raphson or the decoupled power
flow. An algorithm under the AC load flow
method will be used to ensure higher
accuracy [2]. Since these algorithms has a
good performance in terms of convergence
speed and reliability in unfavorable
conditions. Below is a brief description of
these methods.

I.  Decoupled Load Flow

The Newton Raphson power flow equations
in Jacobian form are represented by the
following equation.

AP [H N] Ad
= AV 1
aol=[) 0 lv )
JP; dP;
Hix = 55 Nim = 75 Vk (2)
L0 — 0
Jlam = 55 Lim = 53, Vk

H, N, J and L are the sub-matrices of the
Jacobian represented by Equation 2.

In a power system there is a strong
dependence between injected real powers
and bus voltage angles and between the
injective reactive power and bus voltage
magnitudes that is strong couplings between
P and ¢ variables and between Q and |V|.
The coupling between Q and ¢ and P and |V|
is weak. Therefore the matrices N and J can
be set to zero. Resulting linear equations
reduce to

AP -1y = H(k-1)Ad 3)

Alv]
AQk-1) = Lk-1) [m (4)

The elements of H and L are given in
Equation 2.

Il.  Fast Decoupled Load Flow

In decoupled method the elements of
Jacobian matrix H and L have to be
calculated at each iteration which requires
considerable computational time. For
simplifying these calculations the following
approximations described by equations 3, 4
and 5 are done to make these matrices
constant

cosdy =1 (5)
Gik sin Sik << Bik (6)
Q; << BylWil? (7)

Introducing these approximations the H and
L matrices are obtained from equations 8
and 9.

Hix = Lix = —[VilVk|Bix i#Kk (8)
H;; = Ly = |Vi|?B;; (9)

Dividing each equation by Vi and setting
[Vj| = 1, fast decoupled load flow (FDLF)
equations are given by equation 10 and 11.

AP
V= BAs (10)
AQ _ pr

V=B AV (11)

Where elements of B' and B" are obtained
taking the negative of appropriate elements
of B [1].
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3. DISCUSSION

The programming of the above procedure
for contingency analysis has been
implemented in NEPLAN is fast decoupled
load flow. And more a set of single and
multiple contingencies are performed on
Azerbaijan power network using full AC
load flow analysis applying the simulation
of lines and generator's outage.

3.1 simulation of line outage theory

The simulation of transmission line outage is
carried out by the formulation of the
corresponding admittance matrix. Assume
that the line connected between buses m and
n will be outage. The elements of the
admittance [Y] matrix that will be affected
are Yoo ‘Yon‘Ymm andY,,, and the new
values of those admittances for the () mode
of representation of transmission lines will
be given by:

Yonmn = Yium = (Rmnjjxmn) -5 W
Yim = Yon = G~ (13
Yinn = Yoo ~ Gy = © (14)
Yom = Yom — m =0 (15)

Where:

Yim Ymm; Self admittance at bus m post
and pre-contingency.

Yim Yon; Self admittance at bus n post and
pre-contingency.

Yion, Yam; Mutual admittance between bus
m and n post contingency.
Yom, Ymn; Mutual admittance between bus
m and n pre-contingency.

4. SIMULATION OF
GENERATING UNIT OUTAGE
THEORY

This simulates mainly outage of one unit (or
more) in a power station. Let the total
generation for the station at bus (m) be Py,

and assume that there exist identical (g)
units, then:

’ P m
Pim = Py — 11 (g?) (16)
Where:
P,m; Active power generated at bus m post

the outage.

Pym; Active power generated at bus m
before the outage.

n; Number of outage generation units in the
station.

Pom .
g?; Active power generated at bus m per a

generator unit [3].

4.1 Chosen powerful software for
analysis of parameters (Outage) in
the power market Azerbaijan
electricity network.

Due to the analysis of networks with power
market model, Extended Newton Raphson
load flow model must be used. The most
important reason is the Distributed slack.
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That specify, load flow calculations based
on “Distributed reference Node™ should be
done or not? Whereas we want to perform
load flow in conventional networks, we
choose the highest power unit as the slack
Control, accepted their share.

NEPLAN software is the best software of
this feature because its Background is based
on the power market. In this study, Data
analysis for Azerbaijan Network is done by

bus, and then the rests of the buses are
selected PQ and PV; however, in the power
market, we do not have a slack bus. And all
of buses based on their role in the frequency

NEPLAN software. Figure .1 illustrates
Azerbaijan Electricity Network Diagram in
NEPLAN Software.

Figure.l. Azerbaijan Electricity Network Diagram in NEPLAN Software

Initially, by using the ability of
"Contingency Analysis" NEPLAN software,

the most effective power plants and
electricity import's lines are detected in the
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Azerbaijan network. The results of these
studies at 21:00 on 13/08/2012, is obtained
as Table 1. Now with the sort of
Contingency Analysis result based on
intensity, we recognize that each case must
be initially chosen and studied.

In this study, the data from the years 2010,
2011 and 2012 related to the Armenia
feeder, to predict the initial "loads" and
“price” the ANN* has been used. Figure (2,
3) illustrates comparison chart of "real” and
"forecast” normal days of the week
(Tuesday).

! artificial neural networks

10
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Tablel. Results of Contingency Analysis power plants and power supplies of Azerbaijan cross border networks

l.':n:mttngnezm:;:,.lr anal'gsis results NEPLANE

Contingency Violated Elememt Arem Lone Violation | Base Cose | Humber of
ElementMode Element Type of wiol. elerment of wiol. elemem L WVahse Violations
1| TURKIYE ]
2| TURKNE KHOY-132 Mode Area 1 Zone 1 11253 10875
3| TUREMNE LIRMIEH-2060 o Arag 1 Fona 1 11142 108 39
4| TURKIYE URNIEH-132 Mo Area Lora 1 11133 108 26
S| TURKIYE ARAS [y Area 1 Fora 1 111,15 10741
& | TURKITE LIRMIEH-5G [Ty Area Fora 1 11091 1075
T| TURKIYE JOLFA e Area Fond 1 1109 107 36
§| TURKIYE JOLFATI Mo Area Zone 1 11074 106 84
SITuRENWE  f  khoySd3 L Mode _oAeal | Femed | 110G | wme2x |
1 | TURKIVE BALAM. Mods Area Zone 1 110,14 107.05
| 1] URMIEH.G15 1
1| URMIEH-G15 [ URMIEH-2060 Mode ] Area 1 Zoma 1 11007 | 10839
1 Sabalan-G16 1
Saalan-G16 [ URMIEH-2080 Mok | Ao 1 Feae 1 11013 | 10830
|1 Sabalan-G14 1
Sabalan G114 [ LIRMAIF H-2 Dot | Area ] Fore 1 11005 | 108 3%

The training and test ANN has been
implemented of Matlab R2010a software.
And the results obtained are as follows for

Armenia feeders.

Finally, network errors
when testing for weekdays is as follows;

45000

40000
35000 -
30000

25000

20000

= real| load

15000
10000

forecast load

5000

0

O O O
VY QY
S & S

NAEA LSRN CEIN LN CAIRCIINLY
v\”b\%%\q’@\%(}\%%\

Figure.2. Comparison chart of "real load" and "forecast load" normal days of the week (Tuesday)
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Figure.3. Comparison chart of the "real price™ and "forecast price™ normal days of the week (Tuesday)

Due to the similarity of accountability
network to another day of the week, it does
not seem necessary to provide the relevant
diagrams.

Not that for data analysis load "daily peak
load" and for price, data has been used
"weighted mean price of the accepted day
“is applicated. To achieve optimum results,
day of the week is divided into four
categories: Saturdays (the first working day
of the week), Tuesday (normal day of the
week), Thursday (the last day of the week)
and Friday (holiday). And temperatures
considered "The mean monthly maximum
temperature™ is selected for every month.

5. CONCLUSION

Then the most impact on power and
electricity import's lines in Azerbaijan
networks will be detected. And for this hour,
energy imported from Armenia according to
the network configurations and load demand
is less important. And it should be
considered in the price of its hour, that

12

energy supplier will be a winner in the
power market. Therefore, the most effective
power plants and electricity import's lines
are respectively; Feed line from Turkey with
the highest impact (112.53%), G15 URMIA
Unit with impact (110.07%), G16
SABALAN unit with impact (110.13%) and
G14 SABALAN units with impact
(110.06%).

And each of power plants according to their
size and share of the Contingency Analysis,
and it should be considered in the price of its
hour. In the second stage, each of the power
plants and cross-border supplier required
forecasts on price and load request for
determined hours, that can be used neural
networks. Note that if this method is good
training, would be a good delivery, and
using this approach presents a preliminary
forecast, that will be completed our
proposed strategy for the optimal electricity
pricing formation.
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