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Abstract

The report describes power quality assessment performed on transformer substation
at Zafarana wind farm regarding the requirements of the standard specification I1SO
9001 / 2000.
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1. Preface
Reasons for Power Quality Assessment

Power quality is an issue of increasing importance. The main reason for this is the increasing
demands from the customers with respect to security and quality of supply in order for them to rely
on the public power supply in such as way that they do not have to take special measures to ensure
that they can conduct their business without concern about the availability of computers, machines,
appliances etc.

The varying of the power output from wind turbines has an impact on both the operation of the
power system and on the power quality of the system. This impact increases as the level of
penetration increases.

The influence on power quality is mainly on the level and fluctuations of voltage and frequency, the
stability of voltage and frequency should not be degraded significantly, as the controllers of systems
are required to be able to prevent instability. Furthermore, the shape of the voltage should not be
degraded by the inclusion of wind power in the system. If wind turbines or storage systems
applying power electronics are included in the system, it should be ensured that the distortion of the
voltage is within required limits.

The voltage level at the point of connection of the wind turbine to the grid will depend on the output
from the wind turbines and on the consumer load. Situations where the voltage becomes high due to
a high wind power production and a low consumer load will quite often occur. Design should limit
maximum voltage to acceptable levels. Normally, nominal voltage + 10 % as instantaneous value or
+ 5 % as 10-minute average value.

Another important aspect is the power fluctuations. The power fluctuations create fluctuations in the
voltage and they impose fluctuations to the grid. The voltage fluctuations have to be low to avoid
disturbances e.g. in the light intensity. The power fluctuations do not only depend on the amount of
installed wind power capacity, but also on whether the wind farm consists of a few large wind
turbines or correspondingly more, but smaller wind turbines. The relative power fluctuation level
basically is decreasing as the number of wind turbines is increasing and as the power output from
the wind turbines is increasing.
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2. Introduction

This wind farm measurements and studies program deals with Power Quality Assessment, the
measurements for the study of power quality were carried out at Zafarana wind farm and have been
approximately one month from 16/12/2005 to 15/01/2006.

This study should primarily be seen as an initiation and illustration of possibilities for activities and
studies regarding wind farms at Zafarana, the main task of this study is to evaluate the wind farm
performance and electrical properties, as well as the wind farm impact on power quality.

The installation of equipments has been accomplished with technical support and assist from
protection and resident engineers at Zafarana substation.

e Shaaban Ali Atwa
e Ehab El-Sayed Hassan
Abdel-Fattah Helmy

The CMS engineers at Zafarana wind farm have been checked the measurement system and data

files, as well as they participated in installation of equipments, and the required data concerning
wind speed, errors list during the measurement period had been compiled and reported by them.

e Akmal EI-Hewehy
e Mohamed Hader

The analysis of measurements and printout were carried out at Hurghada WETC by:

e Amgad El-Hewehy
e Sayed Mansour
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3. Objectives

The power quality is most often described in terms of voltage stability, frequency stability and
phase balance. The frequency of larger power systems is normally very stable and therefore no
problem. At autonomous grids where for example diesel generators are used, wind turbines may
cause frequency variations.

Since wind turbine generators represent balanced three-phase sources, they will actually improve
the phase balance of the grid when they are connected. Voltage stability can be subdivided into
slow voltage variations, voltage dips, flicker, transient and harmonic voltage distortion.

The objective of Power Quality Assessment task is to:

e [lllustrate the wind farm impact on power quality in terms of reactive consumption, voltage
and frequency deviations.

e Analyze the measurements taken and relate the results obtained to international standards
and theoretical calculations.
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4. Description of The Site
4.1 Zafarana Wind Farm

Zafarana is situated along the coast of Suez Gulf, 250 km north of Hurghada and 110 km south of
Suez, the wind farm (total area approx.156 km?, length of 20 km and width of 8 km, annual average
wind speed about 9.4 m/s) located 10 km north of Zafarana town towards Suez city. Figure (1) is an
overview map of the Suez Gulf.
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Zafarana wind farm presently consists of:

e Nordex wind turbines [(D1 & KFW1), 63 MW] with total capacity of 105 X 600 kW (N43 - 600
kW, 3 blades, stall regulation), the wind turbine is connected to a 50 Hz, 22 kVV medium voltage
system by a separate transformer of (800 kVA, 0.69/22 kV).

e Vestas wind turbines [(D2 & KFW2 & KFW3), 77 MW] with total capacity of 117 X 660 kW
(V47 - 660 kW, 3 blades, pitch control), the wind turbine is connected to a 50 Hz, 22 kV
medium voltage system by a separate transformer of (800 kVA, 0.69/22 kV), Figure (2) is an
overview for part of zafarana wind farm.
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4.2 Zafarana Substation

Zafarana wind farm has been linked to the national grid via a transformer substation located few
kilometers north of the site; substation has two stationary transformers and mobile one. The
substation has many incoming and outgoing coupling points, as shown in Figure (3).
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The substation presently consists of two transformers of 75 MVA, 220 kV for each (TR.1 of 54.2
MW and TR. 2 of 64.9 MW installed capacity), and mobile substation (25 KVA - 21.1 MW).

Each wind turbine is connected to a 50 Hz, 22 kV medium voltage system by a separate transformer
of 800 kVA, 0.69/22 kV.
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The turbines and its feeders connected to transformer No. 1 are shown in figure (4) (schematic
diagram of Zafarana Substation, Transformer No. 1), [Appendix 9, Table (1)].
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5. Data Acquisition and Analysis
5.1 Measurement System

The power analyzing system consists of a Voltech PM300 power analyzer, an Olivetti ECHOS 120
laptop PC, and a data logging program called PM300.EXE developed in the programming language
Quick Basic 4.5 by Risg National Laboratory. The Voltech PM300 power analyzer performs the
actual power measurements, whereas the Basic program PM300.EXE running on the Olivetti laptop
computer controls the power analyzer and logs data from it.

The laptop PC running the program PM300.EXE was applied to control the power analyzer and to
store data in the hard disk of the PC. The power analyzer was set-up to give total and fundamental
values of the three phase active and reactive power, voltage and currents as well as the fundamental
frequency, the total harmonic voltage distortion, the odd voltage harmonics up to 11™ and the total
harmonic current distortion, the sampling rate for storing data to the hard disk was set to 10 second,
the measurement continued from 16/12/2005 to 15/01/2006.

The logged raw data are stored in ASCII format on files (Time series) named with 8 digits
[(00000000.txt), (name)(year)(month)(day).txt], [Appendix 9, Table (2)]

Voltech PM300 Power Analyzer

The main specifications:

Connection : three-phase Voltage Bandwidth : DC to 250 kHz
Current accuracy :0.2% Current range (direct) : 20 A rms (200 A peak)
Watt accuracy :0.4% Voltage range : 1000 V peak

The power analyzer has a front panel from which it can be controlled manually and a display to
show the measured values however, it is not able to store data.

Laptop CPU
The main specifications:

Processor : 120 MHz Pentium Memory :16 MB RAM
Screen : SVGA Color Screen (600x800) CD-ROM :6XSpeed HD :1.2GB

5.2 Description of Data Handling Routines

Basic program PM300.EXE

The Basic software program sets up the power analyzer and logs the measurements, the
communication between the laptop computer and the power analyzer is based on RS232. Basic has
been chosen as programming language because a simple starter program in Basic is given in the
PM300 user manual for RS232 communication (Ref 5).

The first line in the set-up file is the name of the configuration file (Zaf.CFG), the configuration file

is an ASCII file, which enables configuration of the PM300 before the data logging starts, the
parameters that can be controlled are wiring, current and voltage scaling, range selection etc.
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The second line in the input file is the name of the selection file (Zaf.SEL), this file is also an ASCII
file. It determines which channels are logged (channel 1, 2, 3, sum, and possibly neutral) and which
parameters are logged (power, reactive power, voltage, frequency, current, etc).

The third line in the set-up file is the name of an ASCII output file. As example, Zb060110.txt has
been selected. The head of the output file contains copies of the set-up file, the configuration file,
and the selection file. Moreover, after setting the specified configuration, the PM300.EXE program
gets all configuration codes from the power analyzer and copies them to the output files. This
information is useful if the communication between the laptop PC and the power analyzer has
failed. The remainder (and main part) of the output file is the logged data in columns with the time
as the first column.

The sixth parameter in the set-up file is the sampling time. The PM300 does not specify how fast
the sampling time can be, but our experience showed that it should be more than 3 seconds. The
minimum sampling time depend on the specified set-up, for instance if specific time consuming
calculations such as harmonics have been selected.

The last parameter is the number of measurement channels. This parameter can-in simple cases-be
calculated according to the specifications in the selection file using the table (Page 64) in the RS232
manual. If this number is too small, the Basic program will make confusion in the output data file,
and if it is too large, it will stop, waiting for data from the PM300.

The set-up file

The Basic program PM300.EXE runs from DOS with a single parameter: the set-up file name. The
set-up file is an ASCII file. For the power quality measurements described in this report, the set-up
file Zaf.sup has been used.

The fourth parameter in the set-up file is the baud rate, this parameter must be the same in the input
file as set manually on the PM300, because no communication is possible when the baud rate is
conflicting.

The fifth parameter in the set-up file is the measurement time. In the example, it is 360000 second
corresponding to 100 hours. This high value has been selected to ensure that the data logging is not
interrupted by the program. When the user of the program wants to stop the data logging, the Break
key can always be used, which will not be sent. An easy way to determine the number of
measurement channels is to specify a very high value, and then run PM300.EXE. Then the program
will stop after the first sample of data is send from the power analyzer. The program writes data
both to the output file and to the screen. Therefore, the number of channels can be counted either
from the screen or from the output file after the program has been interrupted.

Note that parameter 4 to 7 in the set-up file consists of data followed by a comment. The three first

parameters, however, have only file names and no comments. Because of the simple reading
procedure of the Basic program, this syntax must be followed.
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Confiqguration file

The configuration file specifies the configuration such as wiring, scaling etc. A complete list of the
available parameters is given in the RS232 manual for the PM300 (Pages 58-63). The first two
columns are data used by the PM300.EXE Basic program to configure the power analyzer. The
following text is only for comments to the user. Note that the user must specify a comment, because
PM300.EXE reads it from the file.

The frequency source (configuration parameter 14 and 15) can cause problems with keeping a fixed
sampling time if the frequency of the current shall be calculated but the current is approximately
zero. Therefore, the frequency source has been selected to voltage.

Selection file

The original purpose of the selection file was only to enable the specification of selection
commands such as: SEL: SUM and: SEL: WAT as described in the RS232 manual for the PM300
(Pages 64-66). However, the PM300.EXE Basic program has implemented this task simply by
sending the contents of the selection file to the Power Analyzer. Consequently, the selection file can
also be used to specify other commands than selection commands to the power analyzer. As an
example of that, the command: HMX : ODD 11 is added to the configuration file below, specifying
odd harmonic orders up to 11 the harmonic [RS232 manual (Page 40)].

Data Analysis files

A software program called PM300sta.EXE developed by Risg were used to generate statistical file
(STA, 10-minute Average) [Appendix 9, Table (3)]. from time series file (TXT, 10-sec)

As well as another software program (Consolstanal.EXE, input, listfile) developed by Risg were
used for generate two output files, the first is statistical file (the mean value for continuously 10
minute, daily “measurement period”) and the second is diurnal file (the mean value as 10-minute
over 24 hour throughout measurement period from midnight to midnight), [Appendix 9, Table (4)].

The data analysis were performed using Microsoft Excel.
5.3 The Measurements

The measurements were carried out at Zafarana substation on 22 kV Bus Bar, the substation has no
single feeder with the total output power of the wind farm, thereby a direct measurements of the
total output power is not possible. At substation there are two permanent transformer and mobile
one, in order to measure the total power, the currents of the three transformers (TR. 1, TR. 2 and
mobile one) must be summed simultaneously using summation transformer where it was not
available during the measurements period.

According to the situation at zafarana substation, it is decided to achieve the measurements
individually on transformer No. 2 and transformer No. 1, thereby the measurement equipments had
been connected to the secondary side of the potential transformer (22000/100 V) to measure the
voltage, as well as the current measured using current clamps (1 mV: 1 mA) on the secondary side
of the existing current transformer (2000:1 A) of transformer No. 1.
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6. Measurements Analysis and Results

Key data for Zafarana wind farm measurements

ITEM DESCRIPTION

Start Date 16/12/2005
Stop Date 15/01/2006
Nominal power 54.2 MW
Max. output power (10-minute average) 46.14 MW
Min. output power (10-minute average) 0.12 MW
Mean. output power (10-minute average) 12.44 MW
Mean PF (10-minute average) 76.1

Mean CF (10-minute average) 22.95
Mean Bus-Bar Voltage (10-minute average) 22.87 kV

6.1 Bus-Bar Voltage

The valid measurement with the power analyzer on 22 kV Bus-Bar give basis for assessing the
voltage quality and to analyze the impact of the wind farm on the voltage quality.

Plot (1) is the statistical data of the mean value of the Bus-Bar voltage, the voltage level during the
measurement period between 22.25 kV and 23.31 kV, or in other words 22 kV + 5.97 % and — 1.03
%.

International standard (IEC - Ref 3) specifies that the voltage level should be within + 5 % of its
nominal value measured as 10-minute average data or £ 10 % of its measured instantaneous values.

From the results obtained, it could be stated that the voltage level when reaches to its minimum
value still within the required limit, meanwhile it is out of range when reaches to its maximum
value.

Mean Bas-Bar Voltage Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (2) is the statistical data as 10-minute average values of the Bus-Bar voltage plotted versus the
10-minute average values of the output active power from the wind turbines.

In this plot, the voltage level decreases for increasing the active power from the wind turbines, as
well as the voltage level seems to be extremely high at low power generated from the wind turbines
(cloudy points seen in the plot).

The situation is predicted, since the nominal power of the wind turbine connected to transformer
no.l is 54.2 MW, which is significantly high-generated power.

Mean Bas-Bar Voltage versus Mean Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)

Active Power (MW)

Plot 2

Plot (3) is the statistical data of the three phase voltages as 10-minute average during the
measurement period, the limits of the three phase voltages are shown below:

Phase No. 1 varies from 12.62 kV to 13.26 kV, or 12.7 kV + 4.39% and — 0.6 %.
Phase No. 2 varies from 13.26 kV to 13.87 kV, or 12.7 kV + 9.21 % and -4.38 %.
Phase No. 3 varies from 12.62 kV to 13.26 kV, or 12.7 kV + 4.39% and — 0.6 %.

The international standard specifies that the voltage level should be within + 5 % of its nominal
value measured as 10-minute average data.

From the results obtained, it could be stated that the maximum and minimum values of phase No. 2
and phase No. 3 respectively, are critically out of range.

note: The amplitude of the resulting voltage, drop or rise will depend on the impedance of the
feeder between the wind turbine and the substation. The stability of the grid will be sensitive to the
ratio of X/R where (X) is the source impedance's reactance and (R) is the source impedance's
resistance.
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Three Phase Voltage (Mean) Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (4) is the absolute value of the frequency distribution as 10-minute average value of the Bus-
Bar voltage, there are two different situations are clearly observable in the plot, the first is the
distribution is not symmetrical around the nominal value (22 kV) (Z,).

The second is that two peaks are noticed at 22.1 kV and 22.2 kV, as well as the voltage range is
quite narrow due to the wind farm connected to a large network. The voltage varies almost from
21.3 kV (Zy) to 22.7 kV (Z,) during the measurement period.

Frequency Distribution for Mean Bas-Bar Voltage
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)

No. of Points (%)

2225
2235
22.45 :
2255
22.65

o [Te)
P «@
o o

2215
2295
2305
2315
23.25
2335 1
23.45

o o

Voltage Range (kV)

Plot 4

Hint: for a given set of values and a given set of bins (intervals), a frequency distribution counts
how many of the values occur in each interval.
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Plot (5) is the voltage change relative to the initial (nominal) value ‘22 kV” from one 10-minute
value to the next, the majority of the relative voltage changes are between +2.2 % and -2.6 % as
magnitude (bin).

The plot shows that voltage varies in a small range and very few values above +3 % occur. No
significant peaks are noticed in the plot, as well as the distribution is not symmetrical around Zo
(when Vmean = Vinitial)-

Frequency Distribution for Changes of Mean Bas-Bar Voltage Relative to Initial Voltage
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (6) is the diurnal pattern for the mean, maximum and minimum value of the Bus-Bar voltage,
the plot is the typical value of the Bus-Bar voltage profile, since the plot is the average value
throughout the measurement period.

Diurnal Bas-Bar Voltage
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (7) is the diurnal pattern of the three phase voltages as 10-minute average, it is clearly seen in
the plot that phase No. 1 and phase No. 3 are slightly lower than phase No. 2.

Diurnal Three Phase Mean Voltage
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot 7

Plot (8) is the diurnal pattern of the grid voltage and grid frequency, the plot shows that the grid
frequency is almost constant independent of the Bus-Bar voltage level.

Diurnal Mean Bas-Bar Voltage and Mean Grid Frequency
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (9) illustrates the diurnal pattern of the Bus-Bar voltage and active power, the plot shows that
the voltage varies reversely to the active power. Assuming a fairly relation between the voltage and
the output power, it is obviously seen in the plot that the maximum value of active power (50.9
MW) corresponds to minimum value of voltage (21.5 kV) as 10-minute average value.
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Diurnal Mean Active Power and Mean Bas-Bar Voltage
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (10) is the diurnal pattern of the Bus-Bar voltage and mean wind speed, the plot indicates that
the voltage values seem to vary reversely to the wind speed values. The plot corresponds with
voltage-power correlation as shown in Plot (9).

Diurnal Mean Bas-Bar Voltage and Mean Wind Speed
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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6.2 Line Current

Plot (11) is the statistical data of the line current as 10-minute average during the measurement
period.

Mean Line Current Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (12) is the diurnal pattern of mean, maximum and minimum values of line current. The plot is
the typical value of the line current profile as the plot is the average of the measurement period.

The maximum value looks constant; meanwhile, the mean and minimum values look fluctuated
very much.

Diurnal Line Current
(Zafarana Wind Farm - Trans. No. 1 -54.2 MWV - Period from 16/12/2005 to 15/01/2006)
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Plot (13) is the statistical data of a correlation between the output active power and line current as
10-minute average value, the plot shows that the power varies proportionally to the line current;
however, there is a situation where, a small deviation has been occurred.

The raw data (Time series as 10-sec.) has been investigated carefully, and it is concluded that the
current reading of phase No.1 was not match (lower than) with the other two phases, only on day
7/9/2005. The reason for this still unknown.

Mean Line Current versus Mean Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (14) illustrates the diurnal pattern of active power and line current as 10-minute average, the
plot shows that the output power varies proportionally to the line current.

Diurnal Mean Active Power and Mean Line Current
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (15) is the diurnal pattern of three phase line currents as mean value. The plot is the typical
values of the three-phase currents profile as the plot is the average throughout the measurement
period

Diurnal Three Phase Mean Current
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (16) is the statistical data of the load factor as 10-minute average value; the load factor is 0.96
as an average value as shown in the plot.

Load Factor Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (17), (18) and (19) illustrate the ratio between max, min and mean values of the statistical data
as 10-minute average value respectively.

The ratio looks constant even though the two peaks and drops seen in the plots. The interpretation
for the two peaks and drops are related to low power production at low wind speed.
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Ratio ()

Ratio between Mean and Max Line Cuurent Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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6.3 Grid Frequency
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Plot (20) is the statistical data of the grid frequency profile as 10-minute average values. It is seen
from the plot that the grid frequency is very stable independent of other grid parameters; the

average value is 49.96 Hz during the measurement period.

The plot shows that the frequency lays within a narrow band between 49.86 Hz and 50.13 Hz that

comply with the international standards (50 Hz = 1 %).

Mean Grid Frequency Profile
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Plot (21) is the statistical data of a correlation between the grid frequency and active power, the grid
frequency remains constant independent of the produced power from the wind turbines.

It is noticed also that the cloudy points in the plot is quit wide at high output power from the farm,

however, the changes in the frequency still in a very small range.
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Mean Grid Frequency versus Mean Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (22) is the absolute change of the frequency distribution as 10-minute average values of the
grid frequency, it is obviously seen in the plot that, the frequency is well controlled with only small
deviations from the 50 Hz nominal setting, these small deviations are slightly above 50 Hz.

The grid frequency is quite symmetrical and triangular around 49.98 Hz, varying from 49.92 Hz to
50.03 Hz.

Frequency Distribution for Mean Grid Frequency
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (23) is the diurnal pattern of the mean, maximum and minimum values of the grid frequency,
the plot emphasis the result obtained in Plot (22).

Diurnal Grid Frequency
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (24) is the statistical data of mean, maximum and minimum values of grid frequency as 10-
minute average value.

Grid Frequency (Mean - Max - Min)
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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6.4 Voltage Harmonics

Plot (25) is the statistical data as 10-minutes average value of the Total Harmonic Distortion (THD)
of the Bus-Bar voltage.

It can be seen from the plot that the measured THD within the measurement period are between 0.3

% and 3.11 %, which comply with the international standards (Voltage THD should less than 5%
measured as 10-minute average) for supply voltage characteristics.

Mean Total Harmonic Distorsion in the Voltage Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (26) is the statistical data of a correlation between voltage THD and active power as 10-minute
average value, the maximum value (3.11%) of THD occurred at 0.5 MW, indicating no particular
relation between the output active power and the voltage THD, but the voltage THD follows the
daily load pattern.

Mean Total Harmonic Distortion in Voltage versus Mean Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot 26

Plot (27) is the voltage THD in case of high and low wind speed, the plot emphasizes the fact that
the wind turbines are not responsible for causing any significant harmonic distortion, in particular,
the wind turbines at the site are fixed-speed with induction generator (without a power electronic
converter).

Mean Total Harmonic Distortion in Voltage and Mean Active Power (High & Low Wind Speed)
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Mean Electrical Power Versus Mean Wind Speed
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (28) is the diurnal pattern of the mean and maximum values of the total harmonic distortion of

the Bus-Bar voltage.

The plot is the typical voltage THD profile since the plot is the average value throughout the

measurement period.

Diurnal Total Harmonic Distortion in Voltage
(Zafarana Wind Farm - Trans. No. 1 -54.2 MWV - Period from 16/12/2005 to 15/01/2006)
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Plot (29) illustrate the absolute value of the frequency distribution of the voltage THD, the plot does

not show any particular features except for a low mean value of THD.
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6.5 Current Harmonics
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Frequency Distribution for Mean Total Harmonic Distortion in Voltage
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Plot (30) is the statistical data as 10-minute average value of the line current THD, it is clearly seen
from the plot that there is a peak of 70 % of THD, and it is clarified that the peak corresponds with
low wind speed during the measurement period.

However, the other situations in the plot show very low line THD which comply with the IEC.
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Plot (31) is the diurnal pattern of the mean and maximum values of the line current THD, the plot
shows that the line current THD follows load pattern except for the situation of low wind speed.

The plot corresponds with the diurnal line current plot (Plot 12), i.e. maximum current THD
occurred at minimum line current.

Diurnal Total Harmonic Distortion in Current
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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6.6 Consumed Reactive Power
Plot (32) is the statistical data as 10-minute average values of the consumed reactive power by the

wind turbines. The mean value of the consumed reactive power is 17.22 kVAr during the
measurement period.

Mean Reactive Power Consumption Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (33) is the diurnal pattern of the mean, maximum and minimum values of the consumed
reactive power.
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The plot is the typical consumed reactive power profile since the graph is the average values of the
measurements period.

Diurnal Reactive Power Consumption
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (34) is the statistical data of the reactive power consumption as a function of active power
production, the plot shows that the reactive power varies proportionally to the active power, even
though the values are scattered when the active power is high.

The vague correlation between active and reactive power on one day still needs for an
interpretation, the consumed reactive power on that day looks higher than the active power.

Mean Active Power versus Mean Consumed Reactive Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (35) is the diurnal pattern of the consumed reactive power and the active power as mean value,
the plot shows that the reactive power varies proportionally to the active power.
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Diurnal Mean Active Power and Mean Reactive Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (36) is the statistical data of a correlation between power factor and output power, the power
factor looks reasonable at a value above 0.90 due to the two types of the wind turbines (Nordex —
Vestas) are regulated by 200 kVAr and 250 kVAr of capacitor banks respectively.

The power factor “cos (¢)” has its maximum value of about 0.99 around 4.41 MW output power
from the wind turbines.

Mean Active Power versus Mean Power Factor
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (37) is the diurnal pattern of the power factor and active power as mean value, the plot shows
that the power factor decreases for increasing the active power.
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Diurnal Mean Power Factor and Mean Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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6.7 Produced Active Power

Plot (38) is the statistical data as 10-minute average of the output active power from the wind
turbines, from the plot it is seen that the average value of the output active power is 42.12 MW
during the measurement period, the plot corresponds with the line current plot (Plot 11).

Mean Active Power Profile
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (39) is the absolute value of the frequency distribution of statistical data as 10—minute average
of the output active power from the wind turbines.
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The distribution has a tail towards low production as well as the output active power varies from
Zero MW to 55.06 MW as mean value and the majority of high active power data represent more
than 60 % of the full data.

Frequency Distribution for Mean Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (40) is the diurnal pattern of the mean, maximum and minimum of the active power value. The
maximum value looks constant meanwhile the minimum value is somewhat does not show any
particular features. The plot corresponds with the diurnal line current profile plot (Plot 12).

Diurnal Active Power
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (41) is the diurnal pattern of the active power and wind speed as mean value, it is observed that
the wind speed is rather high during the measurement period, [Appendix 9, Table (5)].
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Diurnal Mean Active Power and Mean Wind Speed
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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6.8 Capacity Factor

Plot (43) is the statistical data of the capacity factor (CF) as 10-minute average values, the average

capacity factor during the measurement period is 64.94 %, which is quite high.

The capacity factor is determined according to the following equation:-

CF = [M]*loo
Power theo

Mean Capacity Factor Profile

CF (%)

(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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Plot (44) is the absolute value of the frequency distribution of statistical data as 10—minute average
of the capacity factor, the capacity factor varies from zero to 85 % as mean value, and the majority
of high values of CF represent more than 60 % of the full data.
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Frequency Distribution for Mean Capacity Factor
(Zafarana Wind Farm - Trans. No. 1 -54.2 MW - Period from 16/12/2005 to 15/01/2006)
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7. Conclusion and Recommendations

¢ During the measurement period the voltage level at Zafarana substation was between 21.06
kV and 22.73 kV, or in other words 22 kV +3.3 % and —4.27 %, International standard IEC
(Ref 3) specifies that the voltage level should be within £ 5 % of its nominal value measured
as 10-minute average data or £ 10 % of its measured instantaneous values. From the results
obtained it could be stated that the voltage level when reaches to its maximum value still
within the required limit, meanwhile it is critical when reaches to its minimum value.

¢ The voltage level at substation (point of connection of the wind turbines to the grid) depends
on the output power from the wind turbines.

¢ The absolute value of the voltage changes lays in a narrow range and non-symmetrical
around the nominal value, considering the wind farm connected to the 220 kV national grid.

¢ The maximum value of phase No.2 is 13.40 kV (12.7 kV + 5.50 % ) and minimum value of
phase No.3 is 11.98 kV (12.7 kV -5.70 % ) , the two voltage limits are out of range.

¢ In case of adding more wind turbines, a through analysis must be executed, in particular
voltage level.

¢ During the measurement period, the grid frequency was between 49.86 Hz and 50.13 Hz
being within the required limits to comply with international standards on supply voltage
characteristics.

¢ The load factor (mean / max ) is 96 % which is quite reasonable.

¢ During the measurement period, the measured total harmonic distortion THD of the voltage
on day 7/9/2005 reached to 3.11% being within the required limit to comply with
international standards on supply voltage characteristics.

¢ The total harmonic distortion in voltage is not due to the output power from the wind
turbines, but follows the daily load pattern.

¢ No correspondence between harmonic amplitude and overall power output level.

¢ Fixed-speed wind turbines do not produce any harmonics; meanwhile variable-speed wind
turbines may be produce different amounts and orders of harmonics depending on the type
of inverter used.

¢ The maximum current THD occurred at minimum line current.

¢ The reactive power consumption of the wind farm increases for increasing output power.
¢ The maximum value of the power factor is 0.99 at output power 4.41 MW.

¢ The average capacity factor of the wind farm is 64.9 % during the measurement period.
¢ The majority of high active power data represent more than 60 % of the full data.

¢ The average wind speed throughout the measurement period is 12.69 m/s.

¢ No measurements were performed regarding power fluctuations, flicker, and transient since
this kind of measurements requires specific instruments that were not available.
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9. Appendix

Table (1) Wind Turbines and its Feeders connected to TR 1

D1 D1 D2 KFW1 | KFW 2,3
F1 F2 LOT1 F3 LOT 3

Feeders J6 J7 J8 J9 J10

Number of
WTGs

WTG capacity
(KW)

Total capacity
(MW)

Project

17 17 15 20 18

600 600 660 600 660

10.2 10.2 9.9 12.0 11.9

1] 23 |11[12]13] 1| 2] 3 |24]25]26]|22]23]24
45| 6 |14]15|16| 4 | 5| 6 |27 | 28| 29| 25| 26 | 27
7 | 8 | 9 |17|18[33| 7 | 8 | 24|30 |31 |32 282930
WTG no. 10 | 26 | 27 | 34 | 35 | 36 | 25 | 26 | 27 | 33 | 34 | 35 | 31 | 32 | 33
28 | 29 | 30 | 37 | 38 | 39 | 28 | 29 | 30 | 36 | 37 | 38 | 34 | 35 | 36
31 | 32 40 | 41 39 | 40 | 41| 37 | 38 | 39

42 | 43

Table 1

Table (2) The Output Text File (Time series) from PM300.EXE program

DATE: 08-17-2005
SETUP FILE ZAF.SUP:
ZAF.CFG
ZAF.SEL
ZA050817.txt
19200 BAUD RATE
1000000 MEASUREMENT TIME (SEC)
10 SAMPLE TIME (SEC)
25 NUMBER OF MEASUREMENTS (CHANNELS) CORRESP TO SPECIF IN SELECTION FILE
CONFIGURATION FILE ZAF.CFG:
14 FAST OPERATING
20 3 PHASE 4 WIRE
41 FIXED AVERAGING
51 AVERAGING DEPTH
61 EXTERINAL CURRENT SHUNT
100 FIXED VOLTAGE RANGING
110 FIXED CURRENT RANGING
141 MANUAL FREQ SOURCE
151 FREQ SOURCE IS VOLTAGE
191 VOLTAGE HARM ENAB
2311 HARMONIC ORDER
241 ODD HARMONICS
38220 VOLTAGE SCALING
39 25 CURRENT SCALING
SELECTION FILE ZAF.SEL:
:SEL:CLR
:SEL:CH1;:SEL:CH2;:SEL:CH3;:SEL:SUM;
:SEL:WAT;:SEL:VAR;:SEL:VLT;:SEL:AMP;:SEL:VDF;:SEL:ADF

:SEL:FRQ
14:17:39 14181000 15964000 15417000 45560000 7039000 6407000 6505000 20020000 12342 12757 12276 21580 1282.8 13484 1363 13314 49.94 4994 49.94 0.72 069 074 125 131 126
14:17:49 14449000 16247000 15659000 46360000 7210000 6605000 6682000 20560000 12312 12740 12253 21540 13115 1376.6 1389.4 1359.2 49.88 4988 49.88 051 086 1.08 0 115 0.98
14:17:59 14391000 16020000 15457000 45870000 6907000 6332000 6418000 19714000 12388 12774 12290 21620 1288.6 13485 1361.8 1333 49.94 4994 49.94 048 0.72 098 128 104 0.85
14:18:09 14287000 15846000 15343000 45480000 6915000 6365000 6452000 19783000 12427 12747 12273 21620 1277.2 1339.7 1356.2 13244 50.05 50.05 50.05 0.64 055 062 1.03 098 0.99
14:18:19 14267000 15967000 15404000 45640000 6988000 6413000 6498000 19959000 12398 12762 12276 21610 12814 13484 13619 1330.5 49.94 4994 49.94 0.63 058 061 1.09 102 0.95
14:18:29 14459000 16130000 15557000 46150000 7055000 6479000 6559000 20150000 12390 12750 12267 21600 12985 1363.3 1376.3 1346 49.95 4995 49.95 0 049 0.69 0 0 0.98
14:18:39 14378000 16183000 15609000 46170000 7063000 6431000 6512000 20080000 12340 12754 12271 21570 1298.2 1365.4 1378.2 1347.3 49.94 4994 49.94 0 0 0.57 0 0 0

Table 2
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Table (3) The Output Statistical File (10-minute average) generated by using PM300STA.EXE
program

DATE: 08-17-2005
SETUP FILE ZAF.SUP:
ZAF.CFG
ZAF.SEL
ZA050817.txt
19200 BAUD RATE
1000000 MEASUREMENT TIME (SEC)
10 SAMPLE TIME (SEC)
25 NUMBER OF MEASUREMENTS (CHANNELS) CORRESP TO SPECIF IN SELECTION FILE
CONFIGURATION FILE ZAF.CFG:
14 FAST OPERATING
20 3 PHASE 4 WIRE
41 FIXED AVERAGING
51 AVERAGING DEPTH
61 EXTERINAL CURRENT SHUNT
100 FIXED VOLTAGE RANGING
110 FIXED CURRENT RANGING
141 MANUAL FREQ SOURCE
151 FREQ SOURCE IS VOLTAGE
191 VOLTAGE HARM ENAB
2311  HARMONIC ORDER
241 ODD HARMONICS
38220 VOLTAGE SCALING
3925 CURRENT SCALING
SELECTION FILE ZAF.SEL:
:SEL:CLR
:SEL:CH1;:SEL:CH2;:SEL:CH3;:SEL:SUM;
:SEL:WAT;:SEL:VAR;:SEL:VLT;:SEL:AMP;:SEL:VDF;:SEL:ADF
:SEL:FRQ
Number of channels O 25
141000 19750200 15 14359467 133935 14654000 14173000 16019002 138924 16247000 15703000 15480866 120275 15659000 15221000 45860668 371927 46480000 45100000
142000 19750800 60 14843550 280991 15491000 14271000 16571886 318644 17202000 15945000 16010284 301280 16591000 15393000 47426330 892502 49200000 45700000
143000 19751400 60 14842849 183489 15280000 14454000 16528596 200685 16966000 16113000 15985852 191028 16401000 15637000 47357670 561379 48560000 46200000
144000 19752000 60 14710833 193369 15198000 14343000 16419083 199864 16867000 15956000 15857301 206120 16308000 15455000 46988164 588205 48350000 45870000
145000 19752600 60 14671218 215820 15128000 14175000 16350198 225484 16742000 15783000 15777753 214815 16137000 15275000 46799164 644503 47950000 45320000
150000 19753200 60 14803333 323210 15525000 14147000 16481184 345180 17209000 15802000 15923453 337013 16622000 15260000 47207825 997943 49350000 45210000

141000 19750200 15 6985533.3 94461.3 7210000 6775000 6399333.3 89867.3 6605000 6198000 6468800 85503.9 6682000 6303000 19914534 265796 20560000 19332000
142000 19750800 60 7256652.3 185742 7633000 6922000 6680016 183062 7063000 6355000 6760749.3 176794 7138000 6443000 20757700 545873 21900000 19779000
143000 19751400 60 7104884.3 140054 7392000 6863000 6526850.7 131285 6833000 6296000 6621349.3 128437 6918000 6405000 20312668 399336 21200000 19639000
144000 19752000 60 7228334.4 136180 7457000 6891000 6658749.3 130149 6876000 6352000 6757168.5 129504 6983000 6452000 20703046 393385 21350000 19745000
145000 19752600 60 7143616 194956 7491000 6682000 6559381.3 194982 6927000 6097000 6663400.5 196365 6985000 6211000 20425882 580580 21460000 19050000
150000 19753200 60 7128665.1 233542 7626000 6680000 6553398.9 228801 7014000 6112000 6654483.2 224433 7182000 6223000 20394767 685160 21880000 19083000

=]

141000 19750200 15 12371.87  31.09 12427 12312 12750.47  15.56 12774 12707  12273.67 135 12290 12240  21589.33 26.13 21620 21540
142000 19750800 60 12366.42  34.78 12434 12298 12741  15.04 12777 12709  12265.15 9.69 12293 12243 21577 25.6 21620 21520
143000 19751400 60 12376.48  34.92 12441 12317 1274733  15.29 12784 12719 12274.45 9.54 12301 12255  21591.83 27.62 21660 21540
144000 19752000 60 12355.52 317 12413 12295 1273228  15.76 12766 12700 12256.87 12.64 12280 12225 21560.5 273 21620 21500

145000 19752600 60 12355.87  34.39 12414 12286  12722.7  24.96 12769 12648  12251.15 2221 12293 12177 21552.67 38.01 21630 21440
150000 19753200 60 12375.03  32.58 12443 12320 1274277 18.19 12775 12707 12269.07 14.43 12294 12241  21585.17 30.04 21650 21530

141000 19750200 15  1290.75  11.93 13115 1268.2 135291 12.34 1376.6 1324.3 1366.98 11.66 1389.4 1340.8 1336.89 11.84 1359.2 13111
142000 19750800 60  1336.14  27.34 1390.9 1286.4 1402.42  28.69 1458.2 1348.5 1416.98 28.6 1470.9 1361.9 1385.17 28.16 1438.6 1332.3

143000 19751400 60  1329.63  17.76 1369.7 1294 139411 19.14 14337 1356.3 1409.68 19.13 1449.2 13743 1377.81 18.62 1416.9 13415
144000 19752000 60  1326.64  18.05 1363.6 1288.2 1391.62  18.69 1430.5 1350.2 1406.33 19.66 14473 1364.9 1374.87 18.72 1413.8 1336.4
145000 19752600 60  1320.74  23.07 1360.4 1264.8 1384.76  23.34 14213 1329.7 1398.06 2351 1434.3 1342 1367.85 232 1405.2 13123
150000 19753200 60  1327.77  32.13 1397 1262.7 1391.94  32.96 1459.6 1328.1 1406.67 33.47 1477.2 1341.8 1375.46 32.8 1444 1310.9
141000 19750200 15 50.01 0.08 50.13 49.88 50.01 0.08 50.13 49.88 50.01 0.08 50.13 49.88 0.57 0.25 0.89 0
142000 19750800 60 49.97 0.08 50.13 49.88 49.97 0.08 50.13 49.88 49.97 0.08 50.13 49.88 0.65 1.14 6.61 0
143000 19751400 60 49.99 0.09 50.13 49.88 49.99 0.09 50.13 49.88 49.99 0.09 50.13 49.88 0.51 0.2 0.89 0
144000 19752000 60 49.95 0.09 50.13 49.75 49.95 0.09 50.13 49.75 49.95 0.09 50.13 49.75 0.45 0.26 0.78 0
145000 19752600 60 49.96 0.08 50.13 49.75 49.96 0.08 50.13 49.75 49.96 0.08 50.13 49.75 0.68 1.29 6.33 0
150000 19753200 60 49.98 0.09 50.13 49.88 49.98 0.09 50.13 49.88 49.98 0.09 50.13 49.88 0.61 1.13 6.5 0
141000 19750200 15 0.66 0.32 151 0 0.72 0.14 1.08 0.57 0.68 0.58 1.28 0 1.06 0.48 1.86 0
142000 19750800 60 1.09 151 7.13 0 0.74 0.25 1.62 0 0.76 0.57 1.59 0 1.45 1.83 7.34 0
143000 19751400 60 0.71 0.76 6.09 0.44 0.61 0.13 112 0.45 0.87 0.39 125 0 112 1.04 6.5 0
144000 19752000 60 0.66 0.77 6.17 0 0.64 0.28 154 0 0.77 0.48 141 0 1.07 1.29 6.72 0
145000 19752600 60 0.71 1.05 6.17 0 0.57 0.21 134 0 0.63 0.49 132 0 118 1.65 6.55 0
150000 19753200 60 0.84 1.38 7.14 0 0.6 0.26 1.64 0 0.69 0.5 158 0 116 16 7.34 0
141000 19750200 15 0.98 0.3 13 0

142000 19750800 60 121 0.98 6.4 0

143000 19751400 60 0.99 0.16 133 0.59

144000 19752000 60 0.86 0.28 127 0

145000 19752600 60 0.79 0.34 124 0

150000 19753200 60 1.05 1.01 6.29 0

Table 3
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Table (4) The Diurnal file (10-minute average) generated by PM300STA.EXE program

i) 1a1d 123300 148359 | 12309 12230 1286 a5l 1TEE | 12807 124347 1aa XS 2FRS | 12al 299550 251481 xaW | 2070
n THES 1S 1437 1ZETE | 1ZE 29GP A 1aa S| 1T | 13840 124730 120000 12761 | 12180 (21991 2500021 Zaad) | 21400
a0 1440 UESATE | 1ROEE 1E8ES 0 1ZXOT 12800 10F5A0 ) 1TEE) | 12ET0 124F38 135114 127 | 198 219551 2PNV X 247
n 1a4) ZMIZAPE | 12396 124 12380 127897 17230 | 12391 124319 12523 1208 | 12118 219500 200 Xae) | 2170
al Tadl) 1Ed 124 P0E ) 1258 1ZET 120ET  122Sal | 1T 12390 124808 1Z207 ) 12vE1 | 127 219568 21268 Xaa) | 21040
an 1424 EG1A 120490 12979 1ZEE 12 4 1200 1TEE0 | 12810 125006 1A 1200 | 13D 21985 2 P4 XAl MO0

100 TP I3 1RSI 12307 12T 129EF A 1264X) ) 17209 | 12817 124908 125199 12720 | 1247 219742 21942 X0 2100
10 Tadl | 1ZEE (112580 1S 1ZME 12 1230E) 13T 12619 124816 1A80TE ) 127E | 1247 (219518 247 ) 2100
120 1300 1205 17R0ES ) 12k 12N 28EF A 106748 1T | 12815 12055 1360 130 | 1Mad (219765 ZWPFE X500 2030
10 1500 122D 107 e 1202 12X 12800 1S | 13T | 12860 1250A6 1352F) 13 | 1288 21951 2As] XS0 21420
14 1500 1AV | a0l 12842 | 1ZEd 1ZEEEY 10647 1T | 1280 125150 10F0E ) 13819 | 12T Z00a]) ZRZEe el | 2400
130 1500 S ATPA0S ) X2 1ZES1 12EE00 1IN 1T | 12861 1ZEN0T 1dadda ) 130G | 1297 | 203 205Ma RN 2fdal
200 1500 UEEOTE | 1400 12800 1ZME] 129709 108447 13251 | 138 12305 1400147 127va | 12189 (275974 24205871 ZoaE) | 244l
210 1360 1SR 1405 101X 120ED  1DAAS7 ) 17195 128E3 124065 1400115 12787 | 1288 219718 242008 X0 2420
0 1580 12007 178005 1231 1Z7] 128E10 1061 1709 | 28T 124992 1SR 1271 | X200 219758 2SS X0 | 2430
At 1560 1EEUE | 1TEET 1255 1ZEX 129V s 1062TE ) 170 | 13800 125096 1070 12V | 12136 219546 ZUPAsE i) | 21000
240 1360 12N [ 1aa g0l 12007 1ZERD X faialn) 1T 12814 1251V 11 EM 127 IAT0 | 000 MEST . XA 2400
0 183 122 1ARXE 12001 1202 122 1355 12)E | 1285) 125MS 135955 12775 | 1218 2T E 2605 Zac) | 21490
a0 1500 2T (170GF ) 120 1Zd 100080 13D | 1TETE | 12898 125445 1352¢6 ) 12vET | 1 (Z0S5D Xear] i) | 215
125527 | {a0av2| 12005 127X 120149 137077 1d2ad | 1285 123504 13R0ES ) 12T | 1 | 2065 XRS50 Xadd | Sl
1300 1EESED | 142244 12T 1ZD19 1396 13855 1T | 13807 1235 17924 12va0 | XX (0TS 2419890 Zad) | 21510
1800 1EESES 141658 1200 1Z01E 120198 106000 1T 1280 1255n 10T 120eE | 1EES X0v24 XRea ) rsi) | 21500
12555 1R 12028 12019 1201848 130002 | 17009 12710 0 12330 135085 133 | 12 (220899 2 X2E30 | 21510
1500 1SS 1RPE 128 1 1000 1356TE ) 17019 1280 125RT 106019 15T | k] | 0T EEE ) 21500
1300 1EESSE 141006 12951 120 100194 10600 170 | 12006 125508 1THER ) 13 | XS X074 000 XA 250
12548 | 148207 | 12067 | 12002 12089 140412 100 | 12007 123ERT 145491 138an | 12230 | Z0E7 25 Ans a0 | 2150
1500 12T [ 1S1aEe 12991 12071 19SS 14FaER ) 100aE | 1ZRE 12502 148 130 | 1EES Z0eAT Zhranl XN el
1300 1Rl 1ERE0 ) 128 1Z0P9 10E0P A 148P0 | 1TY | 1204 12EM14 1490755 1R | X 0] 2R00EY XN | el
12EP22 131008 1000 1207) 100074 14Fa00 | 10065 | 12043 125705 1485397 120G | 12330 2009 57T ZGa0 | 21600
Tad] 1EPLE | 1358 10021 120G 10X IS1ATE ) 1T0FS | 120ad | 1252 1E22TS) 1S | XA Z0df MO0 XA 21610
Taad 2P {a980e | 13045 | 12407 120ad 4 14FER ) 1008 | 1205 125F00 14840 120G | 1EME X064 2R8AF] XTad | 2630
T2ErS5 | 148221 | 100da | 12400 130211 144319 ) 173005 12777 125704 145800 12| 17 Z206T 2E2aAds T | 216ED
1440 TS| 148481 10067 | 1247 1007 ladais ) 1Jadd | 12800 12500 1a5A01 ) 1285 | 1ZI9 | XV 2E2aAGY TE) | 21700
144 | 2T (144207 12008 12441 12050 13983 177 12315 12556 1a1a ) 12919 | 1Xaa 272 45745 DT 21720
12339 | 147 Pl 10000 1Z0F 100Ee A 140847 | 100 12002 1239 14500 12T 1EED eV ZE1ET ZT0 ) 2160
1500 1EEE0A 1505 1008 12a 1SR 14950 100G | 120 12302 1S0ET ) 12 | 1EIE XA 21 0ee DR e
1500 125332 145917 10005 1244% 1202 141063 17074 | 12908 123960 140735 1290 | 1X9 | M4 24300 X)) 21720
1269 148,101 | 10011 12a0d 10802 laa 00| 17059 120 X304 A 10675 10 | 1EN0 Eel]) ZRRSED ZAES) | 2Eal
1300 127005 | 13297 13000 10 100650 1432 1T06 | 12Pad 1232 15043 1200 | 1EET a0l 00 X0 2610
1500 127108135348 120002 | 12079 1073A 150051 1700 | 1205] 1250A6 132306 120G | XXV ZETA Xada] ) 21620
TEMGET 18072 10040 | 12417 100812 1354020 13100 128 12615 15747 12E0 | 1FD (VYT 2TRaEE T 216
1300 2PTSIESP0E ) 10045 | 2400 DR A IE1ATE ) 1TV | 1277 128160 18035 1A | X2 ZTS XA 2T 26
1500 1ZP0EE | 1TA1E ) 1008 1ZEE 10070 18RS 10D | 130T 12EME 1P001E ) 12EET | XY Z21SA6 2 0hn T 2150
i o= R e R BV bt R b oY e~ s S BN U beror CRR b IE R P - IR " ) IR beor el b OF T 1 a ey e VIR B
1500 126P2 180178 10067 | 1ZXE2 100da  1Paald ) 1JaZxr | 12719 125776 1PSSTA) 1230 | 1Z3E  Z212a J0e0E2 ) XPE) | 21530
Tadl) 1ZEPAV | 180897 1006 12T 10X IVTER ) 10 | 1200 X502 TraldE ) 1 | EER 065 20 XTI 2150
TEE08 | E2aeT | 1005 1EET 1D B 1PAAES | 1007 128E1 1XSSAS 1P00061 ) 120 | XA EOPOT 11741 XPal | 2480
144 12450 13183 10055 120 120098 1VE00E ) 1700 | 12870 125400 17a0F ) 128 | 128 (20542 20X XTI 2dan
Tadl) IAEIGS | 180G 10027 1Zad  1ZE0E 1800 1705 | 12852 125146 1101 13 1T A0 J1a TS 2 2140
125350 186242 | 12035 12256 123490 13042 | 177 | 12800 124308 13058 1375 | 12138 219505 21905 22500 | 2{al0
TED 1ZE0 TS 12 1ZA0R 123194 18aER | 170100 13800 124306 185171 13 | 12179 21880 Iae ZaEe) | 2100
1RO 2SR | 1ERA ) X2 1 1EEeES 1ATeE]) 1TEE | 125 1240000 18EE ) 127 | 1M08 218576 IER0E] radd | 030
1Z375 192300 12391 12130 1SR 7 1390 | 11351 12367 124137 183007 12Vl | 1202 2139 IFEIE . XMW | 21X
T 1Z0a | 13EasE 12T 1ZME 1SR 18493 | 17 12500 124000 181565 1273E | 1M 2180a2 2199 ) 210
125 IS0V 1EETEE O 1SE0 0 121EF 1300 1805 17307 | 1250 1Z3905 1800F2 ) 12V AT 2180aE a0 X0 21
125114 19567 | 12357 12182 12306 190577 1218 12306 124004 190015 127 | 1209 213197 617 ) | 21200
130 1EEE)S 18 5T ) 1SN0 12147 13RS 180006 10191 | 1280 1207 1ERAlE ) 127E | 1AEE 21816 T2 ZXE0 ) 2100
TEM 2775 12778 1215 1358 1P5040 ) 10149 12500 124156 175477 128 | 1200 218070 e X | 20

1280 1Z524 5 TP 12900 12139 1305 1VESER | 10163 | 12309 124192 1PSAT ) 128G | 120ud 213403 200fa X0 21X

130 1ZEI0A 0G0 1880 12143 1A 1P 1T | 12512 1240 1P Al 120E | 12000 218396 21007E . Zal | 21190
1000 | 1280 1253 1EAlS) 130 12140 12800 13ROV ATl | 42300 12016 131190 12PER | 20u2  MEEST 15840 230 | MO0
00 1280 125018 1SETTE ) 139 12148 1SN0 1E0A ) 1D | 1250 1242501 10202 13TEF ) 120da 2135 MASAF | 22470 | 21210
0 2 1ZEAT ) EE | 12 1AX2 1S 1808180 10T | 12489 124200 130897 12751 12010 MES0E a1 a0 | 2130
E0 | 1200 125E) 18086 | 12340 | 12170 123994 17a242 ) 10183 | 12505 124237 178457 12710 12020 ME309 0AsE | el | 2170
0 1A IEEIEZ 19109 13 1091 1SR 138ESS) 1019 | e 1MZAS) 1#re 13T 119 2E395 IR0 el | 210
0 00 1ZES0 187 120 12108 129124 3SR 19 | 12407 124425 13452 127 12000 S TS e 210
100 | 1030 1253506 181555 1230 12110 123166 17a7F15) 1019 | 12480 124454 179512 12716 12000 2139191 | 211441 22060 | 21140
110 030 1Z5a @) 1v2a2d | 12817 12147 1207 E 19801 101TE | 12518 12a07A IT00EE 1S 12004 2ArSe ) ZEG0AV ) 2T | 219
20 00 12509 1WEN | 12811 12148 1280080 1835 11P0 | 12520 12418 1899 16 1200 MEEST ) doad | X0 | M
N0 030 12507 1W0EE ) 12313 12125 128019 17050 10170 | 12488 124027 171139 12630 12010 28E67F | 2eGr72 | Zxa0 | 2130
LGOI (17 S bt R R 1Tl [ A ey R by oo™ B e o= = = S e W ) T e = vl i T | R b <1y R b 1 e 7 7 e < iy peir,= TRl 5 1]
150 0 12300 211555 12002 | 1213 13819 4205 10T | 12485 124104 a0P55 126FF 12040 MEIRF PISE1a) 20 | 232
1200 1120 1ZER2 1RPTT ) 1200 12190 13Esa  JE2EY) 10148 | 12508 124240 1S1AS 13RS 12077 | 21830 | Fads | 21270

Table (4)

SEBEEEZEY Y 2BEEEEE0E00EERELEE0HEEESE
BEEBEE2EEEER BB BB EEEEEEE B EEEE EE

BEES
B
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Table (5) The Average Wind Speed (Daily — Hourly) during measurement period from 16/12/2005

to 15/01/2006

Day Days

Hours | ¢4 | 2 [ 3 | 4[5 |6 |7 |89 [10 111243 |14 ] 15 16
0000 |40 |45 351839 (10a)1z4| 7542|5243 838422114 =]
o100 |39 (e0|24(31 29107123 7s|s1 3046657526117 100
0200 |36 (|74 |23(43)27 0412|7673 |46 (45|69 (7446113 8F
0300 |4s|a2|17 273810000l 47|c6o|60|43]as]as]30(143 45
o400 |So|74 1430|3691 994050304455 4a]24 (1319 48
o500 |7o|7a|z21|233as|ag|ar |27 a7 a5 37|71 |34 12128 6.3
o600 |go|as| 2415837 |a6|an|3s 525620773418 a0 45
0T:00 |61 |69 |23|(24|10]|o09|80|33|61|a8|{32]|a0|31|20(77 33
08:00 (60|71 |18(22|30|104|98 |45 65|35 (35|77 |57|44 |98 17
09:00 |ss|e1 (1617 |Fa1oros|7a|vEas|46]|7alas] 54 112 33
1000 (62|56 | 233581 [10e[os|s0|7a 41|54 |ga]a2]|7o(108 31
100 |7a|60|19(34|88107[o0s|s4 (86|35 66898 72{1049 48
12200 |94 |64 |33[s0|90|10s[os|s4|a2]|sa|vo]az2]a0]80({103 57
1300 (g4 |ss 426294 1060173 94| 74|6a|77|a4]| 0|9k 54
1400 |61 |57 |57 |s71o2{114|101|6a|ao|7ales|7r|7al112] 9 54
1500 |66 |s2|a7 |45 102|124|07 |58 |se| 787288 |76(115| 08 59
16:00 |45 |23 a1 |za|90125|an |51 54|88 |6s]| 84|72 ]108]11.4 74
100 |35 |16 |34 |25|9z2 120|893 |55 |63|va 82011411 9.3
1800 |39(14 |23 [21 [1oz|124|96 | 20|45 sa|va|7rr 0104|107 97
1900 |37 |28 |21 25 10a1z2slaz2 21|41 |s55(7asa|{go|az2{11.7| 4100
20000 | 3943|2131 1oal1z0|laz2 37|37 |46 a7 9a|s7|aa ({128 106
20:00 |49|47 |11 35 10s|130|83 4339|551 [103]5a|s2|105{120] 100
22200 |40 (3213|5495 131|855 |55 3834 [106] 91 {38[114]92 83
2300 |62 |34 |15[54 [Hos|128|84 45|44 |25 a6|q0|1a]a8|a3 74
AVG,,, |55|54|26|34|73|11.2| 97|53 |60 |51 |62 |82 66|71 |10.8 6.6
Day Days

Hours |47 |18 [19 |20 [ 21 |22 |23 |24 |25 |26 |27 |28 | 29 | 30 | 31 | AVGhour
o000 |77 (11311 E[7al17 104|124 | 86|60 03|83 53 s 21 (5.4 7.0
o100 |99 (1049|1204 |30 (10911 a|ss|se|ea|s2|ar|es] 20|37 6.7
0200 |47 |69 12926183 126[1z0|60| 55851557 (ga |27 (2.4 6.3
0300 |47 |42 1zof4z2|12|1mz[11E|s0|se|rolze]| a7 s ]18[35 6.0
odo0 | sz |25 1274421 10607 26|55 a5 (345251 28([4.1 5.6
0500 |37 |90 |120f(23] 24 1061042942 as5 44523531 ]([3.1 5.4
0600 | S3[11al112[ 2219104073852 s0l43] 50 3s5] 39248 5.6
0700 |38 [11E{11a 3411 12|90 |32 48|42 |56 4841|4323 54
0800 |Sa[12a|11E[ 291011837 (47|56 4644|3734 ]31([21 56
0900 |71 [1a[114[12)14a 122765163 |salan|33f3a]2a] 3 6.3
10:00 |63 [11 7113218180270l 7o]s3|16] 23 85 22[59 6.8
100 |63 [126[110flza|22(1nrd|s2|az|s3a|az|18 a7 27|73 7.2
12200 |70 [130|ga(22|2312011E|9s5| a3 |4 |54 26 (a4 5876 7.7
1300 |67 (132|911 (28| 2a 121|117 |ss a0 26|47 23[a7]|71[B.A 7.8
1400 |Sal134|91 (37|27 124120|as5|as 46|23 35 a6 5878 7.6
1500 |s7 (1341|9233 a3 12911 2|74|a0|safz2a]37|ga] 5 [BY 7.5
16:00 |61 [132|95|a7 |52 |126{106|53 |71 |55 |az2| 26|78 |17 |74 7.1
1700 |71 (1234|8067 |73 |130[105| 24|60 |56 44|22 6R]15[EB 6.9
18:00 |86 [147|92 (64|86 1200027725846 10|70 ]az2[E.4 6.9
1900 |93 (156|865 (44 |105(136|99 (57|74 |66 402796484k 7.3
2000 |94 [151|97 [ z4a 1zs1aslon|s2|v3|ralsa|aa|ve] a3 (4.5 7.5
200 |97 [141|112[ 21 13414183 | 72|86 |as5|e3| 57|70 4a(d.A 7.8
2200 |104[130[106[14 |11 6[136]lga|as[101|7a |51 |66 61 ] 4 [4.6 7.5
2300 |113[114a107[1210s{131| 90 (88| a6 | 73|36 |62 |43 57 (4.1 7.1
AVG,,, | 7.0 |11.7|10.7| 3.4 | 4.7 |[12.2|10.2| 6.2 | 6.9 | 59 | 4.2 | 40 | 6.6 | 3.7 [4.9 6.8

43

-churly Average

- Daily Average

- Period Average |

Table (5)

Power Quality Assessment (Rep 1/ 2006)




