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ABSTRACT

Interest in renewable energy sources to meet future energy demands has grown worldwide. This 
is especially true for wind and solar power, which are emerging sectors that have experienced 
rapid development in recent years. Large-scale solar photovoltaic (SPV) projects typically take 
10–15 years to complete, depending on government approval processes. Factors such as on-site 
water storage, reliable transportation access, the skills of the local workforce, and the availability 
of solar panels significantly influence the total project cost. Considering multiple criteria in 
renewable energy planning is likely to lead to sustainable energy projects.

This study employs Geographic Information Systems (GIS) and Multi-Criteria Decision-Making 
(MCDM) methods to identify optimal locations for large-scale SPV plants in Iraq. The Analytical 
Hierarchy Process (AHP) was used to assign weights to each criterion and integrate them into the 
final suitability map in ArcGIS 10.8. Results indicate that 27,614 km² (6.3% of Iraq’s total area) 
are suitable for SPV installation, with an annual energy potential of 8,700-12,595 MWh per km². 
If 5–20% of these areas are utilized globally, SPV installations could generate between 3.39 and 
13.54 TWh of electricity annually on land, assuming 15% efficiency. Climate models project that 
average temperatures will reach 34–35°C by 2100, potentially reducing SPV efficiency. This 
highlights the importance of advanced cooling techniques and heat-resistant materials to prevent 
long-term performance declines under future climate conditions.

1.	 Introduction

The global energy landscape is rapidly changing as it 
moves away from reliance on limited fossil fuels to meet 
increasing energy demands, driven by greater awareness 
of the environmental impact of traditional energy sources. 
Renewable energy has become a central focus world-
wide, intersecting with energy security and environmen-
tal protection. Among renewable options, solar and wind 
power are sustainable and abundant, unlike fossil fuels, 
which are finite and produce greenhouse gases. Rapid 
technological advances have reduced costs, improved 
efficiency, and lessened regional conflicts and geopoliti-
cal tensions, fostering international cooperation [1,2]. 
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Iraq’s economy heavily depends on oil but faces chal-
lenges from price volatility and increasing global pressure 
to transition to a green economy. Its geographic location 
offers significant potential for developing solar and wind 
energy, especially in the south and southeast, which could 
help lower the carbon footprint, enhance energy security, 
and support economic diversification [3]. 

Despite this potential, few practical studies have 
focused on renewable energy adoption in Iraq. Past 
research has examined hybrid wind-solar systems in 
select Iraqi cities, highlighting how resource integration 
can decrease variability throughout the year [4,5]. 
Although early studies provided initial insights into 
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economic analyses have also outlined pathways to 
achieve 100% renewable energy systems, emphasizing 
the importance of spatial and system-level planning for 
large-scale solar integration [20]. Other studies have 
explored community-level strategies for electricity and 
storage management in multi-dwelling developments, 
demonstrating that centralized energy planning can 
improve efficiency and sustainability in distributed 
renewable systems [21].

This study aims to conduct a comprehensive national 
assessment of solar energy potential in Iraq using an 
integrated GIS–AHP framework. The approach evalu-
ates climatic, geomorphological, economic, infrastruc-
tural, and environmental factors to determine optimal 
sites for photovoltaic (PV) projects. Unlike previous 
localized or single-method studies, the current work 
introduces a long-term predictive component by incor-
porating projected average mean surface air temperature 
trends until 2100, generated using the Coupled Model 
Intercomparison Project Phase 6 (CMIP6) dataset under 
multiple SSP scenarios (SSP1–1.9 to SSP5–8.5).

 This integration of spatial decision-making with 
future climate modeling enables the identification of 
sites that remain viable under changing climatic condi-
tions. Accordingly, this study provides a novel and com-
prehensive analytical framework for solar energy 
planning in Iraq, delivering a long-term spatial deci-
sion-support tool for policymakers, investors, and plan-
ners to guide sustainable energy transition and enhance 
national energy resilience

2.	Materials and Methods

The goal of this study is to identify the best sites in Iraq 
for using renewable power sources (solar). This paper 
primarily employs GIS-MCDM and AHP methods. 
These tools enable the computational optimization of 
various geographical, environmental, and technical 

solar radiation modeling and photovoltaic performance, 
foundational work laid the groundwork for modern solar 
geometry and irradiance estimation. These pioneering 
efforts underpin current GIS-based solar mapping and 
modeling techniques [6,7]. Older studies indicate that 
Iraq’s renewable energy potential remains largely unex-
ploited [8,9]. 

Comprehensive assessments have also confirmed 
Iraq’s wind energy potential across multiple governor-
ates, emphasizing the country’s diverse renewable 
resources and the need for integrated solar–wind plan-
ning strategies, including selecting the most suitable 
sites for wind energy [10,11]. Projects such as wind-pow-
ered street lighting in Dohuk demonstrate the practical-
ity of distributed wind applications in Iraq [12, 13]. 

Globally, wind energy is expanding rapidly, with 
installed capacity reaching hundreds of gigawatts [14]. 
Solar energy has been extensively studied in Iraq, espe-
cially in the northern regions, including the use of pho-
tovoltaic (PV) systems and thermal storage technologies 
[15,16]. Recent GIS-AHP applications in Iraq have 
identified optimal sites for solar farms for example, 
using GIS-AHP to determine the best locations for solar 
farms [17], and applying hybrid GIS-Entropy-TOPSIS 
and AHP-TOPSIS models in Basra for large photovol-
taic solar installations [18]. However, these studies are 
limited either geographically or methodologically, 
revealing a gap in comprehensive, national-level plan-
ning for solar energy in Iraq. 

International research indicates that integrating 
Geographic Information Systems (GIS) with Multi-
Criteria Decision-Making (MCDM) tools like the 
Analytic Hierarchy Process (AHP) offers valuable sup-
port for renewable energy planning. Several GIS-based 
assessments of solar potential in urban areas have con-
sidered spatial factors, such as building density and 
shading, and proposed adaptable methodologies for dif-
ferent regional contexts [19]. Detailed technical and 
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factors to determine optimal locations for renewable 
energy stations as shown in Figure 1.

2.1.	Data Collection
In this study, the first step was to identify and gather all 
essential datasets needed to evaluate solar energy poten-
tial. These datasets included global solar radiation to 
assess the solar resource, land use to identify suitable 
locations, temperature to determine its effect on energy 
conversion systems, slope to consider topographic lim-
itations, and distances from power transmission lines, 
roads, and cities to analyze infrastructure constraints.

Additional climatic and meteorological factors were 
also incorporated to represent overall site characteris-
tics. Subsequently, the collected data were integrated 
into a GIS-based Multi-Criteria Decision-Making 
(MCDM) framework, specifically utilizing the Analytic 
Hierarchy Process (AHP). 

This method enabled a systematic evaluation and 
weighting of geographical, environmental, and 

infrastructural parameters to identify the most suitable 
sites for solar energy development in Iraq. The data were 
sourced from various references, as shown in Table 1.

Study area
The study area is Iraq, a country with defined interna-
tional borders, located between 29° 5′ and 37° 22′ N lati-
tudes and 38° 45′ and 48° 45′ W longitudes, covering over 
437,049 km² [29]. Figure 2. depicts Iraq’s topography.

The terrain varies, featuring plains in the center, 
marshes in the south, and mountains in the north. Iraq 
borders six countries: Turkey to the north; Iran to the 
east; Kuwait and Saudi Arabia to the south; Jordan to the 
west; and Syria to the northwest. Geographically, Iraq 
lies in the heart of Western Asia, at the crossroads of 
three major regions, Anatolia to the north, Persia (Iran) 
to the east, and the Arabian Peninsula to the south, with 
the Levant region to the west [30].

The climate is described as continental subtropical, 
marked by hot, dry summers and cold winters. The central 

Figure 1: Methodology flowchart for solar site selection in Iraq using GIS-MCDM and AHP.
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and southern areas receive little rainfall, whereas the 
northern region experiences higher precipitation. A broad 
overview of geopolitics and latitude-longitude data is 
used for mapping, analysis, and decision-making, espe-
cially in GIS-based site selection for renewable energy 
projects [31,32]. Accurate locational data is vital for prac-
tical GIS-MCDM applications, and the findings of this 

work can be effectively linked to and applied within Iraq’s 
specific geographic and ecological contexts.

3.	Statistical analysis

This section presents the statistical methods and analy-
ses employed to evaluate the data collected in the study. 

Figure 2: Study Area of Iraq (Source: CIA, 2023)”[33].

Table 1: Content of the required data.

No. Data Source / 
Organization Data Type Data Format Scale / 

Resolution Website / Reference

1 Earth Data / NASA Solar Radiation / Solar 
Potential Atlas Raster Grid (MapInfo-based) Cell size: 500 

m
https://www.earthdata.
nasa.gov / [22]

2
National Environmental 
Authority / Protected 
Areas Database

National Park Boundaries / 
Wetland Zones / Protection 
Zones

ESRI Shape File 1:25,000 Reference [23,24]

3 Agricultural Authority Agricultural Areas ESRI Shape File 1:100,000 Reference [25]

4 Iraqi Ministry of Water 
Resources

Power Lines / Transmission 
Lines ESRI Shape / Polyline Vector data —

5 Iraqi Ministry of Water 
Resources Roads ESRI Shape / Polyline Vector data —

6 Iraqi Ministry of Water 
Resources Cities / Settlement Areas ESRI Shape / Point Vector data —

7 Iraqi Ministry of Water 
Resources Water Bodies / Boundaries MapInfo TAB Vector data Reference [26]

8 NASA / NOAA Air Temperature NetCDF4 — Reference [27]

9 Derived from DEM 
(USGS) Slope ESRI Grid Cell size: 100 

m
https://earthexplorer.
usgs.gov [28]

https://www.earthdata.nasa.gov/
https://www.earthdata.nasa.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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The aim is to provide a clear understanding of the tech-
niques used and the structure of the results presented in 
the following subsections. This section presents the sta-
tistical methods and analyses employed to evaluate the 
data collected in the study. The aim is to provide a clear 
understanding of the techniques used and the structure 
of the results presented in the following subsections.

3.1.	Multi-Criteria Decision Analysis and GIS 
(MCDA-GIS)

Site selection combines Geographic Information 
Systems (GIS) and Multi-Criteria Decision-Making 
(MCDM) techniques, especially in renewable energy 
projects [34]. It integrates GIS and MCDM, allowing the 
structured evaluation process of MCDM to be combined 
with the spatial analysis capabilities of GIS.

This method enables the assessment of multiple sites 
based on various criteria and constraints, using site 
selection and multi-objective land allocation methods 
alongside GIS [35]. 

GIS supports overlay, analysis, and visualization of 
spatial data to identify suitable locations based on solar 
radiation and wind speed [36]. The integration of GIS 
and MCDM helps develop comprehensive topographic 
and cartographic databases, leading to more reliable, 
informed decisions in renewable energy site selection 
[37].

3.2.	Weight Overlay Model (WOM)
In GIS, raster data is often categorized into specific 
ranges, such as slope or Euclidean distance outputs, 
before being used in the Weighted Overlay tool [38]. 
Overlay analysis is a powerful technique that combines 
multiple layers of information, each representing differ-
ent themes, to thoroughly analyze and reveal their con-
nections [39]. 

Each range must be assigned a unique value using the 
Reclassify tool [40]. After reclassification, the point data 

are incorporated into the weighted overlay process, 
where an appropriate rating scale is applied. 

Raster cells are pre-set to represent indicators such as 
suitability, preference, risk, or other relevant metrics. 
Overlay analysis merges features and geometries from 
different datasets or entities to produce a comprehen-
sive, understandable map [41]. The weighted overlay 
method captures the core of saliency, using ArcGIS’s 
Weighted Linear Combination (WLC) model as its 
framework [42]. This GIS-MCDA model usually 
involves assigning weights to each data layer based on 
its relative importance. A common approach uses the 
suitability index (SI), which reclassifies the cell values, 
as described by Equation 1 [43, 44]:

	 SI v wi i
i

n

�
�
� *
1

	 (1)

𝑖 is an indicator, and 𝑛 is the number of indicators. Is the 
normalized value of indicator 𝑖, 𝑤𝑖 is the weight of indi-
cator 𝑖

3.3.	Analytic Hierarchy Process (AHP)
In this study, the AHP method was used to assign appro-
priate weights or importance levels to the criteria selection. 
The approach breaks the problem into a hierarchy of over-
all and sub-criteria through a systematic, dynamic evalua-
tion process [45]. Then, these weights were combined with 
GIS-MCDM to produce a suitable suitability map [46]. 

Weights were determined using pairwise compari-
sons, evaluating each pairing on a scale of 1-9 as shown 
in table 2 [47] in a standardized manner (for example, 
one indicates that the criterion in the row has equal 
importance to the criterion in the column, while a score 
of 9 indicates that the criterion in the row is significantly 
more critical than the criterion in the column). 

After constructing the pairwise comparison matrix, 
the weight of each criterion was calculated using 
Equation 2 [48].

Table 2: Satya’s Nine-Point Scale of weighting [49].

Value Semantic meaning
1 These two decision items are equal in weight
3 The decision item that has been selected is weakly more important than the other one.
5 This is the metric that found the selected decision item is much more important than the other one
7 The selected decision item is much more important than the other one
9 The decision item chosen is definitely more critical than the other one
2,4,6,8 Intermediate values
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In (1), the element xij of matrix A(F) of size (n ×n), 
where i=1, 2, 3⋯n and j=1, 2, 3⋯n, indicates the impor-
tance of criterion i.

First, we calculate the total for each column of the 
pairwise comparison matrix Aij. Next, an entry-wise nor-
malization is performed, dividing each entry by its 
column sum to obtain a normalized matrix. Since each 
criterion has a different scale, it is essential to normalize 
the rating matrix to obtain relative values. The impor-
tance of each criterion can then be calculated as the aver-
age of the values in each row of the normalized matrix. 
This average represents a priority vector or the relative 
significance of the criterion.

The pairwise comparisons must now be checked to 
ensure logical consistency, thereby increasing confi-
dence in the reliability of the results (Saaty, 1980). CR 
(Consistency Ratio) is another essential criterion that 
checks the consistency of the judgments made. CR is 
derived from the Consistency Index (CI), calculated as 
shown in equation (3). This is a significant step to 
verify the appropriateness of the derived weights by 
calculating the degree of inconsistency in the compari-
son matrix [50]:

	 CI
n

n
�

�
�

�
max

1
� (3)

​Where: λ
max

 is the eigenvalue of the pairwise comparison 
matrix, and n is the number of criteria.

Finally, the consistency check for the contracted inte-
ger value of n is performed using the Consistency Ratio 
(CR) to evaluate the consistency of the pairwise compar-
ison matrix. Equation 4 [51] gives it:

	 CR CI
RI

= 	 (4)

RI stands for the Random Consistency Index.
If the Consistency Ratio (CR) is less than or equal 

to 0.10, the degree of consistency is considered 
acceptable. However, if CR exceeds 0.10, there are 
significant inconsistencies in the pairwise compari-
sons, and the process must be repeated to ensure 
consistency.

3.4.	AHP comparison analysis
The AHP used for SPVP plant site selection has a CR of 
4.01%, which is acceptable because it is less than 10%, 
indicating reliable expert judgment. Although many cri-
teria can significantly influence solar PV site suitability, 
solar radiation was identified as the most critical factor 
in Table 3 (relative weight: 39.8%), followed by slope 
(18.9%) and land use (9.8%). 

Location factors related to accessibility, such as dis-
tance from roads and power lines, each contributed 
about 10%. In contrast, the most influential loca-
tion-based factor, the effect of urban areas, was assigned 
an 8.9% weight. For the functional suitability analysis, 
all input layers were reclassified and normalized. 

They were then reweighted based on the AHP-derived 
values and integrated into a GIS environment using the 
Raster Calculator. The resulting suitability map divided 
the landscape into four classes, with only contiguous 
patches larger than 1 km² considered suitable for large-
scale solar energy system deployment.

The GIS-MCDM framework for wind and solar 
energy project site identification in Iraq is illustrated in 
Figure 3. It involves reclassifying key technical factors, 
such as solar radiation, and integrating economic factors 
(slope from DEM), infrastructural factors (distance to 
roads and grids), and environmental factors (land cover 
and protected areas). 

Climate variables like temperature, precipitation, 
vegetation index, and soil moisture are also included to 
support the long-term sustainability of the project. A 
composite suitability map is then generated by combin-
ing these layers through a weighted overlay analysis 
[52]. Finally, it combines solar assessments, and GRASS 
GIS-MCDM identifies sites that balance technical, eco-
nomic, and environmental considerations, demonstrat-
ing the effectiveness of GIS-MCDM in meeting the 
directives of R.H.Q. for renewable energy planning.

3.5.	Assessment of Solar Energy Generation
The solar-producing area is determined by excluding 
unsuitable regions. Then, the technical potential, 
expressed as the annual solar energy generation capac-
ity at the site, is calculated . The efficiency of solar 
energy extraction is heavily influenced by the intensity 
of solar radiation and the performance characteristics of 
the photovoltaic technology used. The total energy gen-
erated at a site depends on solar irradiance, land avail-
ability, and the solar energy systems. The potential for 
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annual electrical energy generation is estimated by 
Equation 5 [53]:

	 E G A A pri i f� � � � �� � (5)

Ei ​ is annual electric power generation capacity (GWh/
year) and solar yearly radiation received per horizontal 
unit area (GWh/km2/year). A = Area amount of suitable 
land available (km²), for PV installation. ​Is the area 
factor: part of the overall making area for a solar panel 
on suitable land surface. Assumed efficiency of the PV 
system in converting sunlight into electricity, this is con-
sidered to be 10% for this study [54]. The Performance 
ratio of the PV system, taking into consideration storage 
and transmission energy losses, with a typical value used 
in this study equal to 0.75.

System efficiencies differ by technology, with high-ef-
ficiency cells usually reaching 36% to 41.1%, while 

conventional crystalline cells range from 20% to 24%. 
However, the efficiency used in this study is 14.3%, 
reflecting the realistic efficiencies seen in existing proj-
ects and recommendations from other studies [55].

4.	Results

The GIS–AHP spatial analysis offered detailed insights 
into Iraq’s solar energy potential, terrain features, infra-
structure access, and the impacts of climate projections. 
Figures (4–12) and Tables (3–4) present the combined 
results from spatial data and analytical models.

Figure 4-a shows the spatial distribution of Global 
Horizontal Irradiance across Iraq, revealing a transparent 
north–south gradient in solar energy potential. The moun-
tainous Northern provinces have the lowest GHI values, 
typically below 4.9 kWh/m²/day, mainly due to higher 

Table 3: Final weights of SPVPS.

Factor Criteria Relative Weight 
Solar PV Indicator Suitability

Climatology

GHI (kWh/m2) 39.8%

<4.2 m/s
4.2-5.2
5.2-6.2

>6.2

Unsuitable
Low Suitable
Moderate Suitable
High Suitable

Annual Wind Speed (at 50 m) ─

4.7-4.9
4.9-5.1
5.1-5.4
5.4-5.6

Unsuitable
Low Suitable
Moderate Suitable
High Suitable

Topography
Slope degree 18.9%

1-3 %
3-7
7-10
10-82

High Suitable
Moderate Suitable
Low Suitable
Unsuitable

Land cover/use 9.8% Water Bodies
Other

Restructure
Suitable

Availability

Distance from Cities 8.9%

0-2 km
2-5
5-20
>20

Unsuitable
Low Suitable
Moderate Suitable
High Suitable

Distance from Roads 10%

0-0.5 km
0.5-5
5-20
>20

Low Suitable
High Suitable
Moderate Suitable
Unsuitable

Distance from the power line 10%

0-0.5 km
0.5-5
5-20
>20

Low Suitable
High Suitable
Moderate Suitable
Unsuitable

RI 1.32 ─ ─
7.412 ─ ─

CI 0.063 ─ ─
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Figure 3: Techniques for Identifying the Most Suitable Sites for Solar Energy.

Figure 4:(a) Annual global solar radiation (1980–2022) and (b) solar radiation suitability map of Iraq (Source: Earth Data/NASA, Raster Grid, 
MapInfo-based).
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elevation, persistent cloud cover, and orographic effects. 
In contrast, the central region experiences moderate irra-
diance levels ranging from 4.9 to 5.4 kWh/m²/day. 

The highest GHI values (5.4–5.6 kWh/m²/ day) are 
found in the southern governorates (Basra, Maysan, 

Muthanna, and DhiQar), where low altitude, arid cli-
mate, and minimal atmospheric disturbance create ideal 
conditions for large-scale utility PV and CSP projects. 
These spatial differences suggest that ground-mounted 
solar farms should focus on southern areas, while central 

Figure 6: Suitability of distances from power lines in Iraq: (a) Power line network; (b) Euclidean distance from power lines; (c) Reclassified 
suitability map for grid access (Source: Iraqi Ministry of Water Resources, ESRI Shape, Polyline Vector Data).

Figure 5: Suitability of Iraq’s slope: (a) Elevation after applying the slope tool; (b) Slope reclassification (Source: Derived from DEM, USGS, 
ESRI Grid).
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regions may be suitable for mid-scale or distributed 
projects. 

The northern highlands are better suited for rooftop or 
hybrid solutions. Figure 4-b shows the reclassification 
of raw GHI values into specific suitability categories for 
solar applications, making them easier to understand by 
converting continuous irradiance data into practical, 
operational classes. Areas labeled as “highly suitable” 
(>5.4 kWh/m²/day) mainly include southern and some 
southeastern regions; “moderately suitable” zones (4.9–
5.4 kWh/m²/day) cover much of the central plains; and 

“low” and “unsuitable” classes are primarily located in 
northern highlands and densely urbanized or irrigated 
areas. This reclassification uses technical thresholds for 
PV/CSP feasibility and provides a practical layer for 
shortlisting potential sites where resource quality, land 
availability, and environmental conditions are 
favorable.

Figure 5-a shows terrain elevation across Iraq using a 
high-resolution DEM, highlighting the low-lying 
Mesopotamian plain in the center and south, and the 
Zagros-derived uplands in the northeast. Elevation 

Figure 8: City proximity suitability analysis in Iraq: (a) Distribution of cities, (b) Euclidean distance from cities, (c) Reclassified suitability 
map. )Source: Iraqi Ministry of Water Resources, ESRI Shape/Point, Vector data(.

Figure 7: Suitability of distances from roads in Iraq: (a) Road network, (b) Euclidean distance from roads, (c) Reclassified suitability map for 
roads. (Source: Iraqi Ministry of Water Resources, ESRI Shape/Polyline, Vector data).
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ranges from nearly 0 m in marshes and delta regions to 
over 82 m in the highlands. 

The elevation data helps exclude flood-prone or 
hydrologically sensitive zones, such as very low-lying 
marshes, and identify flat areas that can lower civil 
works and foundation costs for large PV arrays. 
Therefore, DEM-based elevation is a key factor in suit-
ability modeling, emphasizing the central–southern 
plains for utility-scale deployment.

Figure 5-b displays slope reclassification into key 
operational categories (<3%, 3–7%, 7–10%, >10%) and 

their spatial extent. Most Mesopotamian plain falls 
within the <3% class, which is highly suitable for 
ground-mounted PV because it allows for easy racking, 
reduced earthworks, and minimal shading between 
rows. Areas with slopes between 3–7% are moderately 
suitable and may need some grading, while slopes over 
7–10% are generally unsuitable for utility-scale PV due 
to increased construction complexity and costs. This 
map helps refine site selection by excluding terrain that 
would significantly raise installation costs or decrease 
array performance.

Map 5-a helps analyze Iraq’s electricity infrastructure 
and geography. It shows the number of power lines 
installed and highlights areas needing further develop-
ment. Combining this map with other data sources can 
help decision-makers allocate resources more effec-
tively to improve energy access across the country.

Figure 6-b shows the Euclidean distance to the near-
est high-voltage transmission line and highlights areas 
with favorable grid proximity (0.5–5 km). Central and 
southeastern corridors have dense transmission coverage 
and short connection distances, which significantly 
reduce grid interconnection costs and technical chal-
lenges for large PV plants. Conversely, western and 
some northern zones are more than 20 km away, indicat-
ing that grid extension or local reinforcement would be 
needed, increasing project capital costs. Grid proximity 
is a key economic factor: sites with high irradiance but 
limited grid access may be deprioritized unless specific 
network investments are made.

Figure 6-c converts raw distance data into suitability 
categories for interconnection based on practical thresh-
olds for connection costs and logistics. The reclassified 
output shows that most high-suitability grid-access cells 
spatially overlap with high-irradiance and low-slope 
areas in the south and parts of the central plain, forming 
a cluster of high-priority zones where technical feasibil-
ity and low integration costs are aligned. This integrated 
grid-access layer balances resource quality with network 
integration costs.

Figure 9: Land Use/Land Cover classification of Iraq. (Source: 
Global Land Cover by National Mapping Organization, Land Use/

Land Cover, Raster model).

Table 4: Solar Area Estimates.

Suitability Estimated Percentage (%) Available area for Solar Power Plants (km2)

High 6.3% 27,614
Moderate 79.8% 349,985
Low 8.5% 37,257
Unsuitable 5.4% 23,458
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The Euclidean distance of roads in Iraq measures the 
straight-line distance from each site to the nearest road. 
This metric provides a clear snapshot of nationwide road 
accessibility. These maps can help us understand the 
infrastructure and geography of Iraq; they can analyze 

the spatial distribution and give us an overall view of 
road coverage and areas that need improvement. 
Combining these maps with other datasets will enable 
decision-makers to allocate resources effectively to 
enhance accessibility and promote equal development 
across the country, as illustrated in Figure 7-a

Figure 7-b shows the straight-line distance from each 
location to the nearest major road, indicating national 
transport accessibility. Dense road networks in central 
and southeastern Iraq reduce logistics costs for compo-
nent delivery, operations, and maintenance access. In 
contrast, sparse road coverage in the western deserts and 
the mountainous north increases mobilization costs and 
complicates construction timelines. Road-distance pat-
terns should be considered early in site screening to 
avoid selecting resource locations that are economically 
disadvantaged due to poor transport access.

Figure 7-c reclassifies road proximity into suitability 
categories, giving the highest scores to sites within a 
practical haulage distance, such as less than 5 km. When 
combined with grid proximity and irradiance layers, this 
map helps identify ‘development clusters’ where trans-
port logistics, grid access, and solar potential collec-
tively support low-cost, quick deployment.

The Euclidean distances from major cities in Iraq are 
crucial for planning and developing renewable energy 
facilities. Being close to urban centers reduces shipping 
expenses and facilitates the optimal integration of these 
plants into the energy grid as shown figure 8-a.

Figure 8-b displays the Euclidean distance to major 
urban centers, highlighting the spatial relationship 
between generation potential and key demand hubs. 
Central areas around Baghdad and nearby governorates 

Figure 10: Suitability Map for Solar Photovoltaic Power Plants 
(SPVPs) in Iraq.

Table 5: Estimated Solar Energy Generation and Area Distribution by Region in Iraq.

Region Coverage (%) Installed Capacity (MW) Capacity Factor (CF) Annual Generation (TWh/year)

South & Southeast
5% 980 0.20 1.715
10% 1,960 0.20 3.430
20% 3,920 0.20 6.860

Central & South-Central
5% 760 0.17 1.131
10% 1,520 0.17 2.262
20% 3,040 0.17 4.524

North & Northeast
5% 435 0.14 0.539
10% 870 0.14 1.078
20% 1,740 0.14 2.156

Total (All Regions)
5% 2,175 — 3.385
10% 4,350 — 6.770
20% 8,700 — 13.540
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are close to cities, which supports distributed generation 
and eases local grid balancing. In contrast, southern pro-
duction centers are slightly farther from population cen-
ters but offer superior resources. Distance-to-demand 
measures are thus crucial for balancing the trade-offs 
between maximizing generation (favoring the south) and 
minimizing transmission losses and distribution costs 
(favoring central locations).

Figure 8-c classifies peri-urban zones based on com-
bined proximity-to-city and land-availability metrics, 
identifying fringes where medium-scale PV plants or 
industrial rooftop installations can be installed with min-
imal land-use conflicts and strong local demand absorp-
tion. This layer supports a strategy that combines 
utility-scale projects in resource-rich areas with peri-ur-
ban generation, aiming to reduce urban demand peaks.

Figure 9 displays a land-cover map that distinguishes 
water bodies, wetlands, croplands, built-up areas, grass-
land, and bare ground. Bare and sparsely vegetated sur-
faces in the south and parts of the west appear as 
favorable sites due to low ecological sensitivity and 
minimal vegetation shading, whereas irrigated croplands 
and wetlands are excluded or marked as low suitability 

because of concerns about food security and biodiver-
sity. Land cover serves as a key environmental con-
straint layer in the GIS–AHP model, helping to prevent 
siting conflicts with sensitive land uses.

Figures 10 show the spatial distribution of solar 
energy suitability across Iraq by combining various 
environmental, infrastructural, and climatic factors. The 
combined GIS–AHP analysis highlights high-suitability 
zones (about 6.3% of the total area, or 27,614 km²), 
mainly located in the southern governorates of Basra, 
Maysan, Najaf, Al-Muthanna, and DhiQar, where flat 
terrain and high solar irradiance are complemented by 
accessible infrastructure.

Moderate-suitability areas (79.8% or approximately 
349,985 km²) dominate central Iraq (Karbala, Wasit, 
Diwaniyah, and parts of Anbar and Diyala). These 
regions could support large-scale solar projects with 
improvements in transmission and grid capacity.

Low-suitability zones (8.5% or roughly 37,257 km²) 
and unsuitable regions (5.4% or around 23,458 km²) are 
mostly situated in the northern highlands (Nineveh, Erbil, 
Sulaymaniyah, and northern Diyala), where steep slopes, 
dense vegetation, and urban constraints hinder 

Figure 11. Spatial distribution of solar resources in Iraq: (a) Global Horizontal Irradiance (GHI), (b) Photovoltaic (PV) electricity generation. 
(Source: Solar Potential Atlas, Raster Grid MapInfo-based).
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photovoltaic development. Despite these challenges, 
these areas may still host hybrid renewable systems 
(solar–wind or rooftop PV).

Overall, this classification offers a quantitative, spa-
tially detailed basis for decision-makers and investors to 
focus on southern and central Iraq for immediate develop-
ment, while designating northern Iraq for future 
consideration. 

Based on the integrated GIS–AHP analysis, four suit-
ability classes were established (Table 4). About 6.3% 
(27,614 km²) of Iraq is considered highly suitable for 
solar energy deployment, 79.8% (349,985 km²) is 

moderately suitable, 8.5% (37,257 km²) is low suitabil-
ity, and 5.4% (23,458 km²) is unsuitable.The most bene-
ficial areas are the southern provinces (Basra, Muthanna, 
Maysan, and DhiQar), where solar exposure and terrain 
work well together.

The study results, shown in Figures (11-a and 11-b), 
illustrate the spatial distribution of Global Horizontal 
Irradiance (GHI) and projected annual photovoltaic 
(PV) energy production in Iraq at a 1 × 1 km² grid reso-
lution. The assessment assumes a performance ratio 
(PR) of 0.75. It considers 10% of available land as a 
baseline scenario, with additional scenarios at 5% and 

Figure 12. Projected average surface air temperature trends until 2100 for optimal solar energy sites in Iraq, generated using the CMIP6 data-
set under different SSP scenarios (SSP1-1.9 to SSP5-8.5). Source: Eyring et al. (2016), CMIP6 Dataset [56, 57].
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20% land use to estimate technical and realistic solar 
potential. The results reveal significant regional varia-
tion, providing a scientific basis for the systematic 
deployment of solar energy.

The South and Southeast regions (Basra, Maysan, 
Al-Muthanna, Najaf, Karbala) display the highest GHI 
values (1,817–2,170 kWh/m²/year), characterized by flat 
terrain and long sunshine hours, making them ideal for 
utility-scale PV installations. With 20% land use, these 
regions can generate 6.860 TWh/year. 

The Central and South-Central areas (Baghdad, Kut, 
Kirkuk, Diyala, Salah al-Din) experience moderate GHI 
levels (1,737–2,044 kWh/m²/year), supporting ground-
based PV and building-integrated PV (BIPV) systems, with 
a potential yield of 4.524 TWh/year at 20% land coverage. 
In contrast, the North and Northeast (Erbil, Mosul, Duhok, 
Sulaymaniyah) have the lowest GHI (1,180–1,737 kWh/
m²/year), mainly due to mountainous terrain and relatively 
persistent cloud cover. These areas are best suited for 
decentralized solutions like rooftop PV and microgrids, 
with an expected output of 2.156 TWh/year.

Table 5 summarizes the estimated installed capacity, 
capacity factor, and annual generation by region for dif-
ferent land coverage scenarios (5%, 10%, 20%). Increasing 
land use results in a roughly linear rise in capacity and 
energy output. The South and Southeast regions dominate 
the total potential, contributing about 50.7%, followed by 
central and South Central at 33.4%, and the North and 
Northeast at 15.9%. At 20% coverage, Iraq’s total realistic 
solar energy potential reaches 13.54 TWh/year, roughly 
one-third of the current national electricity consumption, 
highlighting the strategic importance of solar energy as a 
sustainable and scalable resource. This spatial distribution 
underscores the need for regionally tailored planning, 
with utility-scale PV plants in the South, distributed PV 
systems in central areas, and decentralized rooftop/micro 
grid solutions in the North. Such an approach offers a 
practical, bottom-up pathway for developing sustainable 
solar energy across Iraq.

Figure 12 shows projected average temperature trends 
for key Iraqi cities under various SSP scenarios (SSP1–
1.9 to SSP5–8.5). All scenarios indicate warming through-
out the 21st century, with the high-emission SSP5–8.5 
forecast suggesting that average annual temperatures in 
southern cities could rise above 34–35°C by 2100. 
Elevated ambient temperatures can lower PV conversion 
efficiency and speed up degradation; therefore, climate 
projections are included in assessing suitability by high-
lighting high-temperature areas where technology choices 

(such as heat-tolerant modules and cooling solutions) and 
thermal management will be essential to the expected 
energy outputs.

5.	Discussion

The spatial results of this study reveal clear regional 
differences in Iraq’s solar energy potential, with the 
southern provinces emerging as the most promising due 
to high irradiance (5.4–5.6 kWh/m²/day) and flat terrain. 
These findings support previous studies by Khazael & 
Al-Bakri (2021) and Al-Abadi et al. (2025), which also 
identified southern Iraq as an ideal location for solar 
energy investment. 

This analysis expands earlier GIS-based assessments 
by using updated datasets (2025) and incorporating the 
Analytic Hierarchy Process (AHP) for multi-criteria 
weighting, providing a comprehensive nationwide frame-
work that considers environmental, technical, and infra-
structural factors. The results align with IJSEPM studies 
(Østergaard et al., 2023; Dvorák et al., 2024), emphasiz-
ing the importance of spatial decision-support models for 
sustainable energy planning. While previous Iraqi studies 
focused on local assessments, this work offers a full 
national-scale evaluation of spatial suitability. 

The findings highlight Iraq’s significant spatial and 
quantitative solar energy potential and stress the interac-
tion between environmental conditions, infrastructure 
readiness, and climate change adaptation. The southern 
and southeastern governorates are the most promising 
renewable energy corridors due to high irradiance, flat 
topography, and available land. However, extreme tem-
peratures may reduce PV efficiency, necessitating research 
into heat-tolerant technologies and effective cooling sys-
tems. Topographic and infrastructural analyses demon-
strate that accessibility is crucial for economic viability. 

Central and south-central regions offer ideal conditions 
for mid-scale and distributed installations, where integrat-
ing with existing grids is most cost-effective. Conversely, 
the northern highlands, despite lower irradiance and steep 
terrain, are suitable for hybrid solar–wind projects and 
decentralized microgrids serving isolated communities. 
Quantitative analysis (Table 5) shows that utilizing only 
20% of suitable land could generate about 13.54 TWh 
annually, offsetting a significant portion of Iraq’s fos-
sil-fuel-based energy consumption. These results support 
findings by Khazael & Al-Bakri (2021) and Al-Abadi et 
al. (2025), confirming that solar development in Iraq is 
both technically feasible and economically viable. 
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The study also provides a GIS-based framework com-
bining suitability mapping, infrastructure access, and cli-
matic resilience. Climate change implications further 
emphasize the need for adaptive planning. Under the 
SSP5–8.5 scenario, rising temperatures, particularly in 
Basra and Maysan, could affect PV module 
performance. 

Incorporating climate projections into renewable 
energy planning can safeguard investments through 
strategies such as reflective PV surfaces, active cooling, 
and heat-resistant semiconductors. From a policy per-
spective, a regionally tailored approach is recommended 
for utility-scale PV plants in the south, distributed gen-
eration in the central belt, and hybrid micro grids in the 
north.

This strategy aligns with Iraq’s Nationally Determined 
Contributions (NDCs) under the Paris Agreement, bol-
stering energy security, reducing greenhouse gas emis-
sions, and supporting economic diversification. In 
conclusion, integrating GIS and AHP methods provides a 
powerful decision-support tool for sustainable energy 
planning. By combining spatial, infrastructural, and cli-
mate data, policymakers can identify optimal solar sites, 
reduce investment risks, and improve resilience to cli-
mate variability.

This framework positions Iraq as a key player in the 
regional shift toward low-carbon, renewable energy sys-
tems, offering long-term environmental and economic 
benefits.

Conclusion

This study provides a comprehensive national assess-
ment of solar energy potential in Iraq using an inte-
grated GIS–AHP framework. The analysis emphasizes 
the southern governorates as the most suitable areas for 
large-scale photovoltaic (PV) deployment due to high 
solar irradiance, flat terrain, and relatively few land-use 
restrictions.

The findings validate that Iraq has considerable 
potential to expand its solar energy capacity, which 
could significantly assist in diversifying energy sources 
and lowering greenhouse gas emissions. The GIS–AHP 
method provides a straightforward, replicable deci-
sion-support tool for pinpointing ideal sites and direct-
ing renewable energy investments. Future research 
should incorporate economic feasibility studies, climate 
resilience modeling, and hybrid decision-making 
approaches to enhance solar energy planning in Iraq.
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