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Introduction

The Kurdistan Ministry of Electricity intends to investigate the
options of using renewable energy sources, with special regards
to wind-energy. Till today, the ministry has no data with
respects to wind direction, wind spreading and similar
information on the governorates Erbil, Dohuk and Sulaymania.

As the data needs to be collected, the government decided to
conduct wind measurements for the three governorates. The
wind measurements take place over a complete cycle of a year,
12 months.

Likewise for the future development of the wind-energy it is
required to collect information on the infrastructure and the
network-link options. After completion of the project, the
Ministry would like to have a wind-atlas as well as a network-
study and information for infrastructural exploitation.
Furthermore it is requested, that during the project, the MOE
Kurdish personnel will be instructed in wind-measurement, wind
park planning and energy yield assessment in order for the
Ministry to have own trained personnel for a later development
of the wind-energy sector.

Scale of the Study

In order to achieve the required outcome, each of the three
governorates will be supplied with five wind-measurement-
masts which will be collecting data for an analysis, taking place
over a period of one year. The data will include wind-direction,
wind-speed, temperature and humidity; the wind-speed will be
measured in three different altitudes. The collected data will be
saved promptly.

For two of the suitable wind-areas will be a feasibility study
generated, which will take the infrastructure and the network-
link options into account. The costs for exploitation and the
network link are to be determined as well as the economic
efficiencies for the selected locations.
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Time Schedule

The schedule for the project is determined in the Terms of
Reference (ToR) and is defined as a measuring period of twelve
months, followed by four months for the composition of the
study.

Our schedule will have a divergence compared to the stock
phrases as several pre-arrangements, for the beginning of the
measurements needs to be done. For instance it necessary to
organize sufficient maps of the governorates Dohuk, Erbil and
Sulaymania, identification of fifteen potential places for
measurements selected by topography, settlements and possible
infrastructure. Moreover in the fore front it is essential to inspect
the chosen locations in order to find out about the ownership
structures of the premises and to get the possible needed
sanctions. Therefore it is realistic to set a preparation period of
about three months till installation and initial of the wind-
measurement-masts; including order and transportation.
The following table displays the estimated schedule starting
from the Commencement date 15" June 2009.

Activities

We have inquired maps from the MOE and received most of
them. The given maps have been complemented and added to
one map by us. Due to the maps we have chosen areas for the
selection of wind-measurement locations, those locations are in
a radius of 1.000 m distant from constructions and villages.

In addition we separated altitudes with a height of greater or
equal 2.000m. In the World-Wind-Atlas we mainly determined
the wind-directions and allocated the remaining potential areas.
With help of WindPro we determined for each of the
governorates five places for measurements, taking the above
mentioned criteria’s into account, with a consistent overlapping
of the radiuses.
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Preliminary Hypotheses

For the three to investing governorates, Erbil, Dohuk and
Sulaymania, 15 wind-measurement locations have been chosen,
taking the following criteria’s into account, Topography,
Geography, population and possible infrastructure. The possible
locations are described with geodetic coordinates and altitudes
can be found in the end of the report. With the help of the data
provided by the World-Wind-Atlas, a preliminary approximate
wind-spreading for the chosen locations has been determined.
Due to the given raster-latitude 2,5° for each of the governates
exsists only one medium wind-speed and main-wind-direction.
Furthermore we would like to point out that the wind-spread and
wind-speed are only an rough appraisal, as the used wind-data
has been calculated for high altitude and had been needed to
adjusted to fit an altitude of 50m and below. Several important
factors for distribution have been not taken into account, like for
instance, terrain & geographic conditions.

The following wind-data was used to determine the medium
wind-speeds and the main-wind-direction at an altitude of 50 m,
in the particular governorates. The results are displayed by the
following table:

Governorate Medium Windspeed | Main Wind direction
[m/s]
Arbil 4,35 WNW
Dahuk 4,45 NNO bis ONO
Sulaymanyah 5,03 W
Methods

For the pre-selection of the wind-measurement-locations several
criteria’s have been taken from the Terms of Reference (ToR) or
are underlying own experience. The following paragraphs will
give an short overview:

Topography/Geographic:

The structure of the terrain (cultivation, forest, lakes etc.) in the
several governorates has been evaluated by the provided maps;
which were not of good quality but were sufficient for a first
evaluation of the region. This criterion will be checked at a later
point in time, by an inspection and photos will be taken for
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documentation. During the inspection of the locations, additional
flow-obstacles and other terrain characteristics will be added to
the map, which were not apparent in the provided maps. Those
terrain characteristics will be photographed and documented
regarding the location and the diffusion. This will happen
according to the “Recommendations for documentation of wind-
measurements in the framework of the investigation of the
potential yields for wind-projects”, released by the wind-
evaluator-advisory-council of the German Federal Association
Wind Energy E.V. published in 2003. The Geographic given in
form of a digital altitude-model was generated for the particular
governorates by NASA altitude data; this data was collected via
satellite scanning of the earth”s surface. As the amount of data
is gigantic, the needed area including the altitude data was
taken via particular coordinates from the overall data.
Afterwards the particular data has been processed by different
processing programs and prepared for the calculation program
WINDPRO. A verification of the correct location of these altitude-
models could not be fully finished as the existing maps provide
not enough information. However due to many years of
expertise and several controls, it can be assumed, that the
model reflects relatively well the reality.

Infrastructure:

The acquisition of the existing infrastructure, e.g. cities, industry
and streets, was carried out on the groundwork of the given
maps. Therefore as many locations as possible have been
chosen which are in proximity of villages or industry. Likewise
the data needs to be inspected; therefore the locations will be
randomly inspected, as the infrastructure outlined in the
provided maps might have changed in the time being

Fall of Ground:

An essential factor for choosing the measurement-locations is
the criterion of the given fall of ground. Fall of ground is the
decline or incline of terrain compared to the horizontal in form of
altitude levels. This criterion is used for all software’s which will

be used to process the wind-data, this is important as they
cannot or only inaccurate, process a fall of ground for more than
16°. For this reason it is important for the later analysis of the
data to turn the attention on this criterion.

All influent data, like for example, the NASA altitude-data, the
long-term wind-data taken from the World-Wind-Atlas are all
controlled by their providers in order to guarantee the accuracy
of the data. Additionally, during the project the data will be
checked on their verisimilitude and if necessary corrupt data will
be filtered out.
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Furthermore all used data related to the project will be saved at
least once a day on a data-server. Additionally, where possible
all sets of data will be written down, in case of a total failure of
all computers, in order to be able to reconstruct the project.

Further Procedures

Make an appointment for the pre-inspection
Determine the schedule of delivery for
measurement-mast and the equipment.

After local inspection eventually change the locations
Organization of the delivery of masts and equipment
Determination of the locations we regard as suitable

After determination of the locations a clarification of the
ownership structures; together with the Ministry

Final determination of the locations

Clarification with the Ministry regarding taxes, customs,
import taxes

Clarification how the Ministry will provide security against
theft and vandalism

Evaluations on the particular locations, if the possibility of
a mobile network is given and if applicable elicit
alternatives.

the wind-

Attachments

Erbil Governorate

Overview masts locations DIN A3

Overview masts locations with elevation DIN A3
Geographic overview of the masts locations in the
North DIN A3

Geographic overview of the masts locations in the
North DIN A2

Geographic overview of the masts locations in the
South DIN A3

Geographic overview of the masts locations in the
South DIN A2

Calculation WindPRO UTM WGS84 Zone 38
Calculation WindPRO Geo DMS WGS 84
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Dohuk Governorate

Overview masts locations DIN A3
Overview masts locations with elevation DIN A3

Geographic overview of the
West DIN A3
Geographic overview of the
West DIN A2
Geographic overview of the
East DIN A3
Geographic overview of the
East DIN A2

masts locations in

masts locations in

masts locations in

masts locations in

Calculation WindPRO UTM WGS84 Zone 38
Calculation WindPRO Geo DMS WGS 84

Sulaymaniah Governorate

Overview masts locations DIN A3
Overview masts locations with elevation DIN A3

Geographic overview of the
South DIN A3
Geographic overview of the
South DIN A2
Geographic overview of the
North DIN A3
Geographic overview of the
North DIN A2

Geographic overview of the masts

West/East DIN A3

Geographic overview of the masts

West/East DIN A2

masts locations in

masts locations in

masts locations in

masts locations in

Calculation WindPRO UTM WGS84 Zone 38
Calculation WindPRO Geo DMS WGS 84
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WindPRO version 2.6.1.252 Jan 2009

Project: Printed/Page
Kurdistan 29.06.2009 15:56 / 1
Licensed user:
ireg GmbH
Leihblhl 21

DE-33165 Lichtenau
+49 (0) 5295/996170

Calculated:

08.05.2009 10:31/2.6.0.235
BASIS - Project data overview

Calculation: Governomon Arbil mit Mastinfo

Country: Iraq

Maps

Name Format Path

Erbil_Google-Earth_Teil 1 Bitmap map M:\WindPRO Data\Projects\Kurdistan\Karten\Erbil_Google-Earth_Teil 1.bmi

Karte: IRAK Gesamt.bmi Bitmap map M:\WindPRO Data\Projects\Kurdistan\Karten\IRAK Gesamt.bmi

Karte: irag_north_g4_90_1.000.000.bmi Bitmap map M:\WindPRO Data\Projects\Kurdistan\Karten\irag_north_g4_90_1.000.000.bmi

Kurdistan maps new Gesamt Bitmap map M:\WindPRO Data\Projects\Kurdistan\Karten\maps new\Kurdistan maps new Gesamt.bmi

Site center: Geo WGS 84 East: 44°04,7076' North: 36°16,1903'

WTGs
Geo DM: WGS 84 WTG type
Longitude Latitude Z Row Valid Manufact. Type-generator Power, Rotor Hub Circle Circle
data/Description rated diameter height radius  radius
(m] kw]  [m] (m] (m] (m]
1 45°26,7698 East 35°34,0981' North 887,8 Stadt Sulaymany...Exist Yes ENERCON E-58/10.58-1.000 1.000 58,0 70,5 4.000,0 4.000,0
2 44°23,0693 East 35°27,9633' North 340,0 Stadt Kirkuk Exist Yes ENERCON E-58/10.58-1.000 1.000 58,0 70,5 4.000,0 4.000,0
3 44°01,0153 East 36°12,1248' North 420,0 Stadt Arbil Exist Yes ENERCON E-58/10.58-1.000 1.000 58,0 70,5 4.000,0 4.000,0
4 42°59,3058 East 36°52,0454' North Stadt Dahuk Exist Yes ENERCON E-82-2.000 2.000 82,0 108,4 20.000,0 20.000,0
5 43°06,9113 East 36°20,1295' North Stadt Al Mawsil ~ Exist Yes ENERCON E-82-2.000 2.000 82,0 108,4 6.000,0 6.000,0
Meteorological Data
Geo DM: WGS 84
Longitude Latitude z Object name For use in Height
[m] [m]
A 43°29,9901' East 35°35,4976' North Mast SSW Yacamjah None 0,0
B 43°32,2869' East 36°08,4894' North  220,0 Mast S Safiyah None 0,0
C 44°17,1890 East 36°18,6816' North 1.092,6 Mast ONO Arbil None 0,0
D 44°10,1203 East 36°35,7026' North Mast S Qure Bag None 0,0
E 44°20,1445'East 36°43,5979' North Mast O Malamin None 0,0
Noise sensitive area
Geo DM: WGS 84
Longitude Latitude Z Object name Noise limit Distance Type
demand
[m] [dB(A)] [m]
A 44°10,6346' East 36°22,2023' North Region Arbil 0,0 0 Area
Line objects
Geo DM: WGS 84
Longitude Latitude Z Object File Purpose

name

(m]
A 44°29,0913'East 35°53,7563' North 0,0 Hohen Arbil M:\WindPRO Data\Projects\Kurdistan\Hohenmodelle\Héhenmodell Arbil\09_02_25 KURDISTAN Hohen Arbil west_siid_ost.wpo Height contour lines
B 43°31,2935'East 36°35,5743 North 0,0 M:\WindPRO Data\Projects\Kurdistan\Hohenmodelle\Hohenmodell Dahuk\09_03_13 KURDISTAN Hohen Dahuk.wpo Height contour lines
C  44°30,2833'East 36°39,5454' North 0,0 M:\WindPRO Data\Projects\Kurdistan\Héhenmodelle\Hohenmodell Arbil\09_05_06 Hohen Arbil NNO.wpo Height contour lines

WindPRO is developed by EMD International A/S, Niels Jernesvej 10, DK-9220 Aalborg @, TIf. +45 96 35 44 44, Fax +45 96 35 44 46, e-mail: windpro@emd.dk
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