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Abstract

The importance of solar and wind energy lies in their being the primary and most abundant source of renewable energy
on Earth, providing sustainable environmental and economic solutions to current climate challenges. This research aims
to use AHP (Adaptive Hierarchical Analysis) in Geographic Information Systems (GIS) to identify the most suitable
spatial locations for solar and wind energy utilization in Thi Qar Governorate. Influential criteria (environmental,
economic, and technical) were adopted, including solar radiation, wind speed, land cover and land use, distance from
power transmission lines, distance from main roads, distance from urban areas, sand dunes, and slope. This data was
processed in ArcMap 10.8 software for use in the AHP process to perform spatial suitability using the Weighted Overlay
function. This function allows for the overlaying of several points using a common scale, with each point weighted
according to its importance based on expert opinions. The research began by posing the problem of whether cartographic
modeling can generate a spatial model that identifies the most suitable location for establishing power stations. This study
examines solar and wind energy in the study area using the multi-criteria Analysis Hierarchy Process (AHP), relying on
remote sensing (RS) data, geographic information systems (GIS), and other relevant information sources. The research
employs an inductive approach, starting with specific details and progressing to general principles. It begins by identifying
the necessary criteria for spatial suitability across different regions, considering technical, economic, and environmental
factors. This is followed by categorizing the criteria into levels and assigning weights based on relative importance.
Finally, these criteria are modeled to generate a unified spatial model illustrating the spatial suitability of solar and wind
power plant locations in the study area of Thi Qar Governorate. This process utilizes analytical, modeling, and statistical
methods. The study employs analytical, modeling, and statistical techniques. It was found that the entire study area was
almost entirely suitable for harvesting solar and wind energy with varying suitability indexes, as it was classified into four
categories: the highly suitable category constituted 48.36% for solar power plants and 35.48% for wind power of the total
area of the study area, the medium suitability category reached 43.28% for solar energy and 56.1% for wind power, while
the very high suitability category, despite its planning importance, represents a relatively limited area, as it came in the
form of only 1.93% for solar energy and 1.21% for wind power in this category, of the area of the study area, while the
percentage of areas with very low suitability reached 6.43% for solar energy and 7.21% for wind power. It was found that
this spatial variation is due to the combined result of the criteria included in the (AHP) model, as the relative weights
taken based on expert opinions indicate that the brightness of solar radiation and wind speed are the two most important
factors in determining the spatial suitability of solar and wind energy harvesting stations with a relative weight of (23.7%),
(27.5%) respectively, followed by land cover and land uses (23.7%) for solar energy and (21.8%) for wind energy, then
proximity to power lines (18.0%) for solar energy and (13.2%) for wind energy, transportation (12.5%) for solar energy
and (9.9%) for wind energy, urban centers (12.5%) for solar energy and (9.9%) for wind energy, and sand dunes (9.4%)
for wind energy, while the slope factor came in last place relatively (9.7%) for solar energy and (8.2%) for wind energy.

Keywords: Spatial fit, Analysis Hierarchy Process (AHP), Pairwise Comparison Matrix, Coherence Ratio.
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2 O paidl gladYl gghw O a4l @liall Ja gl @ 0203040506070809

1 ® ool glaiVl g 0 LV Clalasiwly oVl slaall ©
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AHP priorities
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OK
AHP Scale: 1- Equal Impot , 3- Moderate imp 5- Strong imp 7-Very strong impx , 9- Extreme importance (2,4,6,8 values in- -
between).
Al Al Aplae yplaal dpa g 31 45 l8al) A8 shina (4) IS AHP-0OS & 4 snall oliy julaa (3) IS4
Priorities Decision Matrix
These are the resulting weights for the criteria The resulting weights are based on the principal eigenvector of
based on your pairwise comparisons: the decision matrix:
Cat Priority | Rank  (+) (O] 1 2 31 4 5 3
VI 1 L X A X
€ egh:..; 23.7% 3.6% 3.6% 1 1 100 1.00 2.00 2.00 3.00
D 2 100 1 100 2.00 2.00 3.00
w2l sl 3 1.00 .00 1 100 1.00 2.00
2 Slolasiwly [23.7% 3.6% 3.6%
PR 4 050 050 1.00 1 1.00 1.00
. _ . 5 050 050 1.00 1.00 1 1.00
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3 Jas 18.0% | 3  4.9% 4.9%
aub,esl 6 033 033 050 1.00 1.00 1
4 Jadlbghs [12.5% | 4  2.7% 2.7%
5  a,axSholl [125% | 4 2.7% 2.7%
6 ShaxVlas,s [9.7% | 6 21% 2.1%

Number of comparisons = 15 Principal eigen value = 6.109
Consistency Ratio CR = 1.7% Eigenvector solution: 4 iterations, delta = 1.9E-8

bl Zppnil Zpaa 15 a5 30 A5 il 48 sime (5) IS
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| L T AHP Criteria Names

® rulac,w O oV Clolaziwly 0o W slagll

2 ®culacw O a sl aSUall J&5 bgha>

3 @b, O oyt oL O Please fill out
4 @ cuiacw O Jall bhs

S ® zulac,w O a1 jShyall O1 —

6§ ® cloftenw O Juiiaxy AHP priorities

7 ® oM Slolaxiwly oWl clhall O al,pl aStall J& bghs ® Name of Criteria
8 ® oV Clolaixiwly woVl sl O alol GLSI 01

9 ® o,V Clolaxiwly wo Wl il O Jadll bghas T gl n

10 ® 6,V Glolaziwly oVl cliagll O &gyl 5S1y0ll

2 Y1 S g i Y ol
11 © 50 Clolazawly oVl shall O jlavlays - = prool

12 ® al,p80 BUall Jai bgh> O aoyl ol @1 3 }u:b)‘sh«lm&h,h
13 ® aul,p<)l aslll Jus bghs O Jadl bghs ®
14 ® aJU,pS)l aSlll Ja bghs O a0 yS1yall @ 4 |
15 ® abyp<i aslall Jo bghs O JlazuVl 4>y O1
= 5 | hgha
16 ® aloJiols) O Jadl bghs @1
17 ©® aloJlolsil O ayya2l Shyall ®1 6 u).nllﬂ).!\
18 ©® aloJiolsil O Jazivl azys @1
19 @ Jalbghs O a2l jShyoll ®: 7 ‘)“-\'IY‘L.\):
20 ® Jadlbghs O Jlazivl >y ®1
max. 45 character ea.
21 ® a5 Sl O jlazVl azys ®1 020 070809
CR=1.6% 0K | OK
O dec. comma
Priorities Decision Matrix

These are the resulting weights for the criteria The resulting weights are based on the principal eigenvector of

based on your pairwise comparisons: the decision matrix:
Cat Priority Rank (+) () 10 (23 IS T 4 NS N6 7
1 Ll ac,w 27.5%- 3.3% 3.3% 1 1 1.00 200 3.00 3.00 3.00 4.00
w2,V clagll 2 100 1 1.00 3.00 2.00 2.00 3.00
2 Ololazxiwly 21.8% 28 5.1% 5.1% 3 050 1.00 1 1.00 1.00 1.00 2.00
oVl
4 033 033 1.00 1 1.00 1.00 1.00
aslhll Jai bghs
13: 4.4% 4.4
3 adleS)l 32% 3 % 4.4% 5 033 050 1.00 1.00 1 1.00 1.00
4 adoJolisl 94% 6 1.8% 1.8% 6 033 0.50 1.00 1.00 1.00 1 1.00
7 025 033 0.50 1.00 1.00 1.00 1
5 Jadlbghs 99% 4 1.6% 1.6%
6 ayaxiShell 99% 4 1.6% 1.6%
7 ShaxVlas,s 82% 7 1.4% 1.4%
Number of comparisons = 21 Principal eigen value = 7.126
Consistency Ratio CR = 1.6% Eigenvector solution: 4 iterations, delta = 5.5E-9

AHP Online System — AHP-0S (e alaie YU Ealill Jee (g0 1 j2aall

facall Fanill Aaaa Y1y 31 & _Jial) 8 shna s AHP-OS (3 & siaaall ol o (17) <2
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