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Electric demand in the last few years has widely increased, especially in Iraq, where
there is a significant difference between the generation and the load in almost all months
of the year, particularly in the summer season. One of the important aspects where the
operational engineers must take appropriate action in case of an unforeseen catastrophe
is power system security. Consequently, the security of the power system depends on
the contingency analysis. In order to investigate the impact of wind power on the
contingency analysis, three wind farms (WFs) are selected based on the wind's speed
availability in Irag, which are Shaikh Saad, Al-Duijaili, and Al-Fajar. In addition, the
wind speeds for these locations are analysed using the Weibull and Rayleigh probability
density functions. In this regard, this paper studied and analysed the impact of
integrating wind power on the operation of the 132 kV Iraqi grid systems (zone 18). The
results show that when line outage contingencies occur (single- and double-line
outages), the risk of power flow violations based on the MVA rating will be reduced
when integrating wind energy with a 100% integration rate with the Iraqgi grid system.
Matlab, a programming language, and the Power System Simulator for Engineering
(PSS/E) software (Version 32) are used to simulate the proposed approach of integrating
wind power into the grid.

1. Introduction

The most important requirement for the

schedule, and control the power system as it is
now. The contingency ranking using the
performance index is a method for line outages

proper operation of a power system is the
maintenance of system security. A power
system's level of operability and safety and the
likelihood that it won't engage in severe
operations are both determined by the security
assessment analysis [1]. Operational engineers
must research the severity of the impact of
outages and contingencies on the power system
as a key component of power system security.
Power flow, or load flow, is an important part of
this analysis. In addition to having a good plan
for future development, they must operate,
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in a power system that starts with the line with
the highest performance index and proceeds its
way down based on the calculated percentage of
loading lines [2,3].

In the literature, by taking into account the
many stochastic realizations of load demand and
wind power, the uncertainty in operational
decisions has been determined. The data
analytics are carried out on the basis of the
operations of the energy storage systems and
their relevant contingency situations with
different grid locations [4]. creates a reliable
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scheduling model for wind-integrated energy
systems, taking into account N-1 contingencies
for both the gas pipeline and the electricity
transmission [5]. As shown in [6], we suggest a
two-stage robust security-constrained unit
commitment (SCUC) model that takes into
account the time autocorrelation of wind/load
prediction error and the outage contingency
probability of units. Since the wind power
variation is modeled using realistic data and a
Wiener process, the online contingency analysis
can now only provide a deterministic answer as
to whether the system is stable or not under
specific, believable contingencies [7].

The work in [8] uses the Weibull
distribution to examine the characteristics of
wind speed data at the Al-Salman location in
Irag. Using the Maximum Likelihood Method
(MLM), two crucial Weibull parameters were
identified. The probability density function and
cumulative distribution function were used to
define the ideal wind distribution. A statistical
analysis of the wind speed data for Jumla,
Nepal, is provided in [9]. In order to do this, the
Department of Hydrology and Meteorology's
(DHM) daily averaged wind speed data for a
ten-year period (2004-2014: 2012 omitted) was
evaluated to determine the wind power density,
and results showed that the Weibull distribution
suited the observed probability distribution
better over the course of an entire year in the
high-altitude area of Nepal than the Rayleigh
distribution. The Weibull and Rayleigh
distribution functions, two frequently used
functions for fitting a recorded wind speed
probability distribution at a specific location in
Kosovo during a certain period, are compared in
[10], the result shows that the wind distribution
in this area produce an accurate average value of
wind power.

The research presented here investigates the
integration of three proposed wind farms
depending on the available wind speed with the
Iragi power grid and demonstrates the results of
the impact of this integration on an emergency
analysis of the grid using the Matlab
programming language and Power System
Simulator for Engineering (PSS/E) software
Version 32.

2. Power system contingency analysis

In order for a power system to operate
securely, it must not only comply with
predetermined operating conditions but also
continue to function properly in the event of
contingencies. In a contingency analysis,
reliable contingencies are simulated in order to
assess their effects on the performance of the
power system. Irag has recently experienced
blackouts rather frequently. Therefore, the
primary challenge facing the current Iraqi
electrical grid is the creation of a successful
system for managing contingencies [11].

One of the most important elements of the
reliability of a power system is the estimation of
contingency  severity. Although dynamic
security assessments are also carried out, power
system engineers' major focus continues to be
on maintaining the power system's static
security. It's critical to understand which line or
unit outages can cause overloads in power flows
or voltages to exceed limitations. Techniques
for contingency analysis are used to determine
how disruptions may affect systems. Models for
contingency analysis Up until all credible
failures have been taken into consideration,
single failure events (such as one-line or one-
unit outages) or multiple equipment failure
events (failure of multiple units or lines or their
combination) will be examined. For each
outage, all lines in the network are checked
against their respective limits.

The contingency analysis consists of three
basic steps to make it simpler. They are listed
below [12]:

1. The process of creating contingencies is
the initial stage of analysis. It includes
every scenario that might possibly happen
in a power system. This procedure entails
making contingency lists.

2. Selecting severe contingencies from a list
of possibilities that might result in bus
voltage and power limit breaches is the
second phase of the procedure. The least
severe contingency is removed from the
contingency list in this phase, while the
most severe ones are taken into
consideration. Calculating an index for
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this procedure reveals the seriousness of
contingencies.

3. Evaluation of potential contingencies is
the third and most crucial phase since it
entails the essential security and control
measures that are required to lessen the
effects of the most serious potential
contingencies on a power system.

2.1 Limits violations of the line's MVA rating

Line outage contingency is one of the most
common types of contingencies. When the line's
MVA rating is higher than the specified rating,
the system experiences this type of contingency.
The primary cause of this is the rise in the line's
current's amplitude. The lines should be able to
tolerate 125% of their MVA maximum because
of the way they are designed. According to
utility procedures, an alarm condition is raised if
the current exceeds 80—90% of the limit.

The overload percentage in power flow for
transmission lines based on the MVA rating can
be calculated in:

Power Flow in MVA
. - @
Line Rated in MVA

overload as a persentge =

3. Wind power overview

The concept of converting wind energy
(K.E.) to electric energy is covered in this
section. The rotor blades transform K.E. into
mechanical energy initially. The kinetic power
of wind Pw moving at a speed of V across an
imaginary region At is

1
Py= 5P A Vv?/ , Ar= ”R% (2)

where AT is the rotor swept area (m?), Rt is the
blade radius (m), Vw is the wind speed (m/s),

and p is the air density (kg/m®) [13,14].
The following represents the mechanical
power Pt that may be obtained from the wind

kinetic power Py, according to the hypothesis
put out by German scientist Albert Betz:

1
PT:waCPZEPAT Vi Cp (3)

where Cp stands for the rotor blades' power
coefficient. As the Cp value rises, so does the Pt

extraction. The highest or theoretical value of C_P,
according to Betz, is 16/27, or 0.593. The Cp value
for the latest generation of high-power wind farms
falls between 0.32 to 0.52.

4. Wind farm requirements
4.1 Wind farm location

Any renewable energy project must choose
an appropriate location in order to succeed, both
financially and technically. To guarantee that
wind farms (WFs) work as intended, it is crucial
to choose the right site and turbine model for
them. The project's financial returns, simplicity
of construction, continuing operations and
maintenance, and general safety are all
significantly impacted by site selection. This
study suggests three wind farms [15]:

e Shaikh Saad in Wasit-Iraq
e Al-Dujaili in Wasit-Iraq
e AL-Fajar wind farm in Thi-Qar -Iraq.

4.2 Analysis of wind speed data

Undoubtedly, the quantity of power a wind
turbine will generate annually is greatly
influenced by the wind speed. If one wants to be
assured of the wind speed, it must be measured
on the suggested location before installation.
Over the next several years, more advanced
prediction software tools may be created, which
might lessen the need for monitoring.

The average, variance, and standard
deviation are three important variables that offer
significant information about wind speed. The
mean value of all wind speeds is what the
average wind speed (or wave) is. It is
additionally referred to as "expected value.”
Therefore, the average wind speed at a location
is [16,17]:

EWV] = Vawg =~ 20 vy (@)

E[V] = Vavgdii® pi v; )
where: E [Vv] is the predicted wind speed, and n
is the number of hours in the data period. if the
information was gathered over a year, n = 8760
min.

Figure 1 shows average wind speeds in m/s
for WFs at the height of 200 m in 2016.
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Figure 1. Monthly average wind speeds in m/s for WFs at the height of 100 m (2016)

Because the measurements might be
enormous in quantity, challenging to organize,
and difficult to extract specific information
from, using raw data for analysis is not simple.
Additionally, information for some ranges can
be lacking. Instead of using the row data,
mathematical functions that capture the
characteristics of the data are utilized to
overcome these issues. These functions are
known as the "probability density functions"
(PDF). Weibull and Rayleigh function
distributions are two types of mixing probability
functions that have already been used to
calculate the potential of wind energy [18].
Figures 1 to 7 show the wind speed curve and
Weibull and Rayleigh probability density
function (PDF) for suggestions of wind farms.
The data used in the study was collected over a
period of 1 year, from 1/1/2016 to 31/12/2016,
at 100 m height [19].

4.3 Wind turbine selection

To meet the estimated yearly energy needs
for a certain location, a wind turbine is chosen
from the manufacturer's catalog. It was

determined that the best wind turbine available
in Irag, with a 3.45 MW capacity, is model
number V136 from the Vestas Company [20].
This wind turbine meets the criteria of the
current work and is the best option for wind
speed.

4.4 Number of turbines in wind farms

Depending on the availability of wind and
area, it is suggested that each of these three wind
farms have 40 wind turbines, 3.45 MW each, at
a height of 100 m, with a total capacity of 138
MW and a total estimated area of 4.8 km? [15].

Figure 8 shows the number of days that the
wind farms will operate as a percentage of MW
generation (0-100%) based on wind speed data
and the power-speed curve for VESTAS V136
in [8]. From this figure, it is clear that the
number of days during which the wind farms
will operate at 100% is more common in the
summer season, especially in July, while the
number of days when the wind farms will not
operate is lowest in the spring season, especially
in April.
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Figure 2. Data for July at Shaikh Saad (4464 minutes) (a) Wind speed curve
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Figure 3. Data for April / 2016 in Shaikh Saad (4464 minutes) (a) Wind speed curve (b) Weibull & Rayleigh probability
density function (PDF)
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Figure 4. Data for April / 2016 in Al- Dujaili (4464 minutes) (a) Wind speed curve (b) Weibull & Rayleigh probability
density function (PDF)
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Figure 6. Data for April / 2016 in AL-Fajar (4464 minutes) (a) Wind speed curve (b) Weibull & Rayleigh

probability density function (PDF)
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Figure 7. Data for July/2016 at AL- Fajer (4465 minutes) (a) Wind speed curve (b) Weibull & Rayleigh probability

density function (PDF)
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5. Results and discussion

The 132 kV Iraqi gird system comprises of
(362) bus bars, (38) generator buses, (323) load
buses, (73) autotransformers and (567)
transmission lines. The 38 generating stations
are of different capabilities of MW generation
and MVAr generation/absorption. The data
represent the state of operation for summer
season on July, 1, 2022 [21]. For lraqi power
system, three WFs have been suggested and as
follows:

a. Shaikh Saad WF (40 turbines, total
capacity = 138MW) can be connected to
Shaikh Saad bursar though transmission
line of 15 km length.

b. Al-Dujaili  WF (40 turbines, total
capacity = 138MW) can be connected to
Al-Dujaili busbar though transmission
line of 9 km length.

c. AL-Fajar WF (40 turbines, total capacity
= 138MW) can connected to Al-Rifai
busbar though transmission line of 20

The power flow violation approach adopted
in this paper is based on MV A rating monitoring
after line outage contingencies occurred. This
approach involves running simulations for each
scenario and keeping an eye on the percentage
of loading lines (%) on each line. If the power
flow exceeds the line's maximum limit or
capacity, it is recorded as a violation.

5.1. Single-Line outage contingency

Contingency analysis is applied to 132 kV
Iragi grid zone 18 (Wasit Governorate). The
total lines in this zone are 22 lines. Therefore,
there are 22 possibilities for single-line outage
contingencies. Table 1 shows the simulation
results without and with WFs (the impact of
multiple WFs as a percentage of integration is
100%) for ranking overload in transmission line
indices for the top eight single-line outage
contingencies. When KUTP-DBNI line outage
occur from the grid due to some emergency
cases, three lines (rank 1) go out by protective
devices since they are running beyond their

km length. MVA limit. The power flow violation based on
the MVA rating will be reduced when
integrating WFs.
Table 1: Single line outage analysis using PSS/E and Matlab programs
. Percentage of loading Percentage of loading
No. of . Critical ) . . )
Line outage ] lines (%) without WFs lines (%) with WFs Rank
Case Line
PSS/E Matlab PSS/E Matlab
KUTP- .
AKUT 150.9 139.4 113.7 Safety side
KUTP- 4KUT- . .
Case 1 DENI KUTO 151.5 138.8 Safety side | Safety side 1
KUTS- . . .
DILA 102.4 Safety side | Safety side | Safety side
4KUT — .
KUTO (2) 132 114.3 105.8 Safety side
4KUT - KUTS - . . .
Case 2 KUTO (1) DILA 102.1 Safety side | Safety side | Safety side )
DILA- 108.8 Safety side | Safety side | Safety side
RFAI
4KUT- N‘:\ﬁi _2 143.7 131.4 110.6 Safety side
Case3 | NMYA (1) 4KUT( ) 3
KUTO 151.0 1445 Safety side | Safety side

*Percentage of overload below 100%
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4KUT — .
KUTO- KUTO 139.6 121.3 115 Safety side
Case 4 KUTS KUTS 4
i 102.2 Safety side | Safety side | Safety side
DILA
Case s KUTS- KUTS- 111.7 :
ase i i i
KUTN KUTO Safety side | Safety side | Safety side
Case 6 4KUT- 4KUT- 175.8 153.6 i i 6
KUTN KUTO Safety side | Safety side
Case 7 KUTS- DILA- 108.8 - - - 7
DILA RFA| Safety side | Safety side | Safety side
Case 8 KUTS- 4KUT- 1733 - - 8
KUTN KUTO 161 Safety side | Safety side

4.2 Double line outages contingency

There is a large number of possibilities for
double line outages contingency and many of
these contingencies make the load flow solution
to be diverged. In this section, the double line

outages contingency is applied to zone 18 with

and without WFs (impact of multiple WFs as

percentage of integration is 100%). Table (2)

lists the top four overloads in power flow due to

double line outages contingency using PSS/E

and Matlab programs.

Table 2: Double line outage analysis using PSS/E and Matlab programs

Percentage of loading Percentage of loading
No. of Line Critical | lines (%) (MVA) without lines (%0) Rank
an
Case outage Line WFs (MVA) with WFs
PSS/E Matlab PSS/E Matlab
KUTP- Iz\ll}:/lLi(-l,—A 134.8 125.6 Safety side | Safety side
DBNI &
Case 1 KUTP- 4KUT-
AKUT KUTO 205.3 191.9 177 159.4 1
(1,2) NJSAN- .
DBNI 184 175.4 109 Safety side
4KUT- AKUT- 2415 228.5 133.7 129
Case 2 NMYA & KUTO
KUTS- 4KUT- . .
KUTN KUTS- 196.8 183 Safety side | Safety side 2
4KUT-
SUWR. KUTO 199.2 186.7 116.8 107.4
Case 3 AZIZ & KUTP- ] ] ]
ase KUTS- AZIZ 118.4 Safety side | Safety side | Safety side 3
KUTN
4KUT- . .
NMYA 138.1 125.4 Safety side | Safety side
4KUT-
AKUT- KUTS 207.5 163.7 127.3 115.7
KUTO & AKUT- . . .
Case 4 SUWR- NMYA 114.2 Safety side | Safety side | Safety side 4
AZIZ -
NSSB'?‘\]'}‘ 106 Safety side | Safety side | Safety side
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5. Conclusions

This paper presents the impact of
integrating wind farms into lraqi power grid
operations by selecting the most suitable Iraqi
location during several grid contingency
scenarios. Three wind farms have been
suggested, depending on the available wind
speeds, in the following areas: Shaikh Saad and
Al-Dujaili wind farms are located in the city of
Wasit-Iraq, AL-Fajar Wind farm is located in
the city of Thi-Qar-Iraq. Each of these three
wind farms suggested having 40 wind turbines
(Total capacity of 138 MW) at 100 m height,
with a total estimated area of 4.8 km? The
proposed approach of wind power integration
into the grid has been simulated using the
Matlab programming language and Power
System Simulator for Engineering (PSS/E)
software Version 32. The following
conclusions are made:

e According to the wind speed analysis for
wind farms by the Weibull function and
Rayleigh distribution, Sheikh Saad wind
farm is one of the most promising areas
for installing wind turbines.

e The occurrence of various types of
contingencies (single- and double-line
outages) will be improved when
integrating wind energy with the Iraqi
grid system.

e The results obtained in the analysis of
the system of the Iraqi grid show that the
performance is very close between
PSS/E and Matlab, but there is a
difference in values because of which
the MVar values were changed and a
large number of buses have been
dispensed in Matlab.

References

[1] P. Sekhar and S. Mohanty, “Power system
contingency ranking using Newton Raphson load
flow method,” 2013 Annual IEEE India
Conference (INDICON) 2013, pp. 1-4, 2013, doi:
10.1109/INDCON.2013.6725912.

[2] A. Mishra and V. N. K. Gundavarapu,
“Contingency management of power system with
Interline Power Flow Controller using Real Power
Performance Index and Line Stability Index,” Ain

3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

Shams Engineering Journal, vol. 7, no. 1, pp. 209—
222, 2016, doi: 10.1016/j.asej.2015.11.004.

K. Hua, “Probabilistic Power System Contingency
Analysis  Considering  Wind,” Queensland
University of Technology, Australia, 2014.

D. K. Panda and S. Das, “Economic operational
analytics for energy storage placement at different
grid locations and contingency scenarios with
stochastic wind profiles,” Renewable and
Sustainable Energy Reviews, vol. 137, no. Xxxx, p.
110474, 2021, doi: 10.1016/j.rser.2020.110474.

L. Bai, F. Li, T. Jiang, and H. Jia, “Robust
Scheduling for Wind Integrated Energy Systems
Considering Gas Pipeline and Power Transmission
N-1 Contingencies,” IEEE Transactions on Power
Systems, vol. 32, no. 2, pp. 1582-1584, 2017, doi:
10.1109/TPWRS.2016.2582684.

Z. Zhang, Y. Chen, X. Liu, and W. Wang, “Two-
Stage  Robust  Security-Constrained  Unit
Commitment  Model Considering  Time
Autocorrelation of Wind/Load Prediction Error
and Outage Contingency Probability of Units,”
IEEE Access, vol. 7, pp. 25398-25408, 2019, doi:
10.1109/ACCESS.2019.2900254.

K. Q. Hua, A. Vahidnia, Y. Mishra, and G.
Ledwich, “Efficient probabilistic contingency
analysis through a stability measure considering
wind perturbation,” IET Generation, Transmission
& Distribution, vol. 10, no. 4, pp. 897-905, 2016,
doi: 10.1049/iet-gtd.2015.0496.

F. H. Mahmood, A. K. Resen, and A. B. Khamees,
“Wind characteristic analysis based on Weibull
distribution of Al-Salman site, Iraq,” Energy
reports, vol. 6, pp. 79-87, 2020.

A. Parajuli, “A statistical analysis of wind speed
and power density based on Weibull and Rayleigh
models of Jumla, Nepal,” Energy and Power
Engineering, vol. 8, no. 7, pp. 271-282, 2016.

B. Hoxha, R. Selimaj, and S. Osmanaj, “An
experimental study of Weibull and Rayleigh
distribution functions of wind speeds in Kosovo,”
TELKOMNIKA (Telecommunication Computing
Electronics and Control), vol. 16, no. 5, pp. 2451-
2457, 2018.

P. Naik, “Power System Contingency Ranking
Using Newton Raphson Load Flow Method and Its
Prediction Using Soft Computing Techniques
Power System Contingency Ranking Using
Newton Raphson Load Flow Method and Its
Prediction Using Soft Computing Techniques,”
PhD Thesis, National Institute of Technology,
India ,2014.

B. Banerjee, D. Jayaweera, and S. Islam,
“Assessment of post-contingency congestion risk
of wind power with asset dynamic ratings,”

70



Yasir G. Rashid, Firas Mohammed Tuaimah and Mohamed Salem/ Diyala Journal of Engineering Sciences Vol (16) No 4, 2023: 59-71

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

International Journal of Electrical Power & Energy
Systems, vol. 69, pp. 295-303, 2015, doi:
10.1016/j.ijepes.2014.12.088.

Wisam Abd Mohammed Al-Shohani, “Numerical
Analysis of a Modefid Airfoil for Wind Turbine,”
Diyala Journal of Engineering Sciences, vol. 7, no.
2, pp. 83-79, 2014, doi:
10.24237/djes.2014.07206.

H. ldan Hussein and A. Majeed Ghadhban,
“Hybrid  Pv/Wind/Battery/Diesel ~ Generator
Energy System for Hyderabad City, Pakistan,”
Diyala Journal of Engineering Sciences, vol. 8, no.
3, pp. 124-138, 2015, doi:
10.24237/djes.2015.08311.

Yasir G. Rashid, Firas M. Tuaimah and Karwan J.
Mohammed, 2019. “Assessment of Integrating
Wind Energy System on lIraqi Power Grid
Capability Limit,”. Journal of Engineering and
Applied Sciences, 14: 5942-5954.

Yasir G. Rashid, “Impact of Wind Power on Iraqi
Power Grid.” M.Sc Thesis, Baghdad
University, Irag, 2019.

Hassan, Yasser Falah, Yasir Ghazi Rashid, and
Firas Mohammed Tuaimah. “Demand Priority in a
Power System With Wind Power Contribution
Load Shedding Scheme Based.” Journal of
Engineering (17264073) 25.11, 2019.

H. Bidaoui, I. EI Abbassi, A. El Bouardi, and A.
Darcherif, “Wind Speed Data Analysis Using
Weibull and Rayleigh Distribution Functions,
Case Study: Five Cities Northern Morocco,”
Procedia Manuf., vol. 32, pp. 786-793, 2019, doi:
10.1016/j.promfg.2019.02.286.

Data from lragi Ministry of Science and
Technology of Iraq, 2016.

Vestas V136-3.45. (2015, Nov. 9). wind-turbine-
models [Online]. Available: https://en.wind-
turbine-models.com/turbines/1282-vestas-v136-
3.45

Iragi National operation and control centre,
Ministry of Iraqi Electricity, 2022

Appendix:

Abbreviation of busbar in the Iragi power grid

Abbreviation Actual Name
AZIZ Azizia-132kV
KUPT Kut Stefilrrﬂeli;ﬁ]v;%r 4S(;gtkli)/n (Wasit
DBNI Al-Dabouni-132kV
DJLA Busbar Al-Dujaili-132kV
4KUT Kut Substation 400kV
KUTO Old Kut-132kV
KUTS South Kut-132kV
KUTN North of Kut-132kV
NMYA Numaniyah-132kV
RFAI Al-Rifai-132kV
SUWR Al-Sowera-132kV
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