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Abstract: Yemen faces a critical energy deficit, which necessitates the development of sustainable 
energy solutions. This study aims to identify optimal locations for solar energy projects in Yemen by 
integrating the Full Consistency Method (FUCOM) with Geographic Information System (GIS) 
techniques. Twelve key criteria influencing solar site suitability were analyzed, with Global 
Horizontal Irradiance (GHI) emerging as the most significant factor, followed by elevation and 
proximity to main roads. The FUCOM method, validated by a low consistency ratio (CR = 0.048) and 
compared with AHP and BWM, provided robust and reliable criterion weights. Geospatial suitability 
analysis classified 86.18% of the study area as highly to very highly suitable, with 53.06% deemed 
very highly suitable, indicating significant solar energy potential. The sensitivity analysis highlighted 
the model s responsiveness to GHI variations, emphasizing the importance of accurate solar 
irradiance data. Validation against existing solar installations showed an 83% match with highly 
suitable regions, confirming the model s reliability. This study offers a valuable tool for policymakers 
and investors by providing a detailed solar site suitability map for Yemen and contributing to the 
advancement of sustainable energy development in the region. 

Keywords: solar energy; site suitability analysis; best-worst method (BWM); full consistency method 
(FUCOM); geographic information system (GIS) 
 

1. Introduction 

Yemen is currently facing a severe energy crisis characterized by an unreliable grid that serves 
only 40% of its population and fossil fuel imports that consume 30% of its GDP [1,2]. This situation 
is exacerbated by rapid population growth, conflict-induced infrastructure damage, and climate 
change vulnerabilities, all of which contribute to deepening energy poverty, hindering economic 
recovery, and worsening social inequities [3]. In this context, the transition to renewable energy, 
particularly solar power, is not just a viable alternative but a critical necessity, given that 80% of 
households rely on expensive and polluting diesel generators [4,5]. Solar energy presents a dual 
advantage: it reduces dependence on volatile fuel markets and aligns with global climate resilience 
goals. However, realizing this potential requires a robust site selection framework that balances 
Yemen s unique ecological fragility, technical constraints, and post-conflict socioeconomic priorities. 

Yemen possesses significant solar resources, with an average Global Horizontal Irradiance (GHI) 
of 6.5 kWh/m²/day and vast, underutilized desert terrains [2,5,6]. Nevertheless, the process of 
transforming this potential into equitable and sustainable projects is fraught with challenges. Unlike 
other nations with abundant solar resources, Yemen s ongoing conflict, fragmented governance, and 
limited geospatial data complicate large-scale infrastructure planning. Furthermore, solar 
development risks exacerbate land-use conflicts in arid ecosystems, displacing pastoral communities, 
or diverting resources from urgent humanitarian needs [2,7]. Therefore, effective site selection must 
integrate technical feasibility, such as grid proximity and slope gradients, with conflict-sensitive 
criteria, including avoiding disputed territories and prioritizing energy access for marginalized 
regions, to ensure projects enhance both energy security and social cohesion. 
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Globally, multi-criterion decision-making (MCDM) methods, such as the Analytic Hierarchy 
Process (AHP), have been instrumental in renewable energy planning by systematically weighting 
environmental, technical, and economic factors [8–10]. However, in contexts like Yemen, where 
expert judgments may be inconsistent or biased because of political instability, traditional MCDM 
tools struggle with subjective inconsistencies [11]. The Full Consistency Method (FUCOM), a more 
recent MCDM approach, addresses these limitations by minimizing biases through fewer pairwise 
comparisons and ensuring mathematical consistency in criterion weighting, which is particularly 
advantageous in data-scarce and conflict-affected environments [12,13]. Although FUCOM has been 
successfully applied in industrial logistics and wind energy planning [14], its integration with 
Geographic Information Systems (GIS) for solar suitability mapping remains largely unexplored in 
fragile states, creating a gap in context-specific renewable energy frameworks. 

This study aims to bridge this gap by developing a Yemen-specific solar site suitability model 
that combines the analytical rigor of FUCOM with the spatial precision of GIS. The research is guided 
by four key objectives: (1) identifying conflict-sensitive criteria for solar deployment, including 
ecological fragility, land tenure dynamics, and grid resilience; (2) applying FUCOM to derive 
objective criterion weights, thereby reducing reliance on potentially unstable expert consensus; (3) 
mapping high-potential zones using GIS spatial analytics; and (4) proposing a policy roadmap for 
solar projects that emphasizes community co-benefits and disaster resilience. 

The study s methodological innovation lies in its integration of FUCOM s reliability with GIS s 
detailed spatial analysis, offering a replicable model for energy transitions in conflict-affected 
regions. For policymakers, the findings provide a conflict-sensitive blueprint for avoiding 
ecologically sensitive areas and directing investments toward regions with high energy poverty 
reduction potential. For researchers, this work demonstrates how advanced MCDM tools can be 
adapted to overcome data limitations in fragile states, ensuring that renewable energy planning is 
both technically sound and socially equitable. 

2. Methodology 

2.1. Study Area 

Yemen, situated at the southern tip of the Arabian Peninsula (12° 19°N, 42° 54°E), encompasses 
a diverse geographical landscape across its approximately 555,000 km² [15,16]. This diversity is 
crucial for evaluating solar energy potential because the country is divided into three distinct zones. 
The coastal plains, bordering the Red Sea and Gulf of Aden, are characterized by arid lowlands and 
high temperatures. However, urban expansion and agricultural activities limit their suitability for 
large-scale solar deployment. Second, the Western Highlands, which include the Sarawat Mountains, 
receive moderate orographic rainfall but present significant terrain constraints for extensive solar 
infrastructure. Finally, the Eastern Desert, within the Rub' al Khali basin, stands out as a hyper-arid 
region with minimal precipitation, sparse population, and vast, flat areas, making it exceptionally 
favorable for solar farms [17,18]. 

Yemen s climate, classified as hot arid (BWh) under the Köppen-Geiger system, experiences 
significant temperature variations, with average temperatures ranging from 25°C in the highlands to 
35°C in the deserts [19,20]. The country benefits from substantial solar irradiance, ranging from 6.0 
to 8.0 kWh/m²/day, with the highest values concentrated on the Eastern Desert. Despite this potential, 
the region faces challenges such as dust storms and extreme aridity, which can affect solar panel 
efficiency [21,22]. This study adopts a comprehensive approach, evaluating solar energy potential 
across all of Yemen to account for regional variations in solar resources, terrain constraints, land-use 
conflicts, and proximity to existing transmission corridors. This holistic evaluation aligns with global 
best practices for solar energy deployment in arid and semi-arid regions [23,24], ensuring an optimal 
balance between energy yield and long-term sustainability in a nation grappling with energy poverty 
and environmental vulnerabilities. 
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Figure 1. Map of Yemen. 

2.2. Site Selection Criteria and Expert Consultation 

To accurately identify optimal locations for solar farm development in Yemen, a comprehensive 
methodology was implemented. This methodology integrated a thorough review of relevant 
literature, expert consultation, and the application of the Full Consistency Method (FUCOM). The 
literature review encompassed academic studies, industry reports, and government documents, 
focusing on solar site selection methodologies and the deployment of renewable energy in arid 
regions. Subsequently, a panel of 12 experts, each possessing specialized knowledge in solar 
engineering, environmental science, and energy policy, was assembled. These experts, identified 
through professional networks and institutional affiliations, contributed critical insights through 
structured interviews and questionnaires. The study assessed the relative importance of potential site 
selection criteria within the specific environmental and socioeconomic context of Yemen. This 
integrated approach, combining theoretical knowledge with practical expertise, facilitated the 
development of a set of weighted criteria, which were then quantitatively assessed using the FUCOM 
method to determine the relative importance of each factor. 

2.3. Geospatial Data Acquisition and Standardization 

The identification of suitable solar energy project sites in Yemen was based on a multi-criteria 
decision analysis that considered 12 factors, categorized into four primary areas: (1) solar and climatic 
conditions, (2) topographical characteristics, (3) land use and environmental constraints, and (4) 
infrastructure and accessibility. To ensure accurate and comprehensive spatial coverage, geospatial 
datasets were acquired from global repositories, satellite imagery, and remote sensing platforms. 
Solar potential was evaluated using Global Horizontal Irradiance (GHI) data at 1 km² resolution from 
the World Bank s Global Solar Atlas (2023) [25,26], which was validated against ground 
measurements from the National Renewable Energy Laboratory (NREL, 2022) [27,28], and annual 
mean temperature datasets to account for thermal efficiency impacts [29]. The topographical analysis 
utilized a 30-m digital elevation model (DEM) from NASA s ASTER GDEM V3 [30,31], from which 
slope (less than 15 degrees) and aspect layers were derived to assess terrain suitability. Land use 
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constraints were mapped using ESA WorldCover 2022 (10-meter resolution) datasets to exclude 
protected areas, forests, and agricultural zones [32,33], while UNEP-WCMC (2023) datasets defined 
environmental buffers around ecologically sensitive regions such as coastlines, rivers, and 
archeological sites [34]. Infrastructure proximity was analyzed using OpenStreetMap (2023) vector 
data, which included roads, power grids, and settlements [35,36]. All datasets were standardized to 
a uniform 38-m cell size with a resolution selected to balance the computational efficiency with the 
level of detail required for site selection. The datasets were projected in WGS84/UTM Zone 38N using 
ArcGIS 10.8. Min-max normalization (0 9 scale) was applied to rescale criteria values, such as 
irradiance, slope, and temperature, to a standardized range, facilitating consistent multi-criteria 
overlay analysis [37,38]. 

Figure 2 illustrates the eight key criteria layers: (a) GHI, (b) annual mean temperature, (c) 
elevation, (d) slope, (e) aspect, (f) land use/cover, (g) infrastructure proximity, and (h) distance to 
rivers and streams. GHI (Figure 2A) and annual mean temperature (Figure 2B) were used to assess 
solar and climatic factors. The elevation, slope, and aspect, derived from the DEM, were used for the 
topographical analysis (Figures 2C-E). Land use/Land cover (Figure 2F) and environmental buffers 
(Figures 2G-H) represent land use and environmental considerations. 

 
 

(a) Global Horizontal Irradiance (GHI) in kWh/m²/day (b) Annual Mean Temperature in °C 

 
 

(c) Elevation in meters. (d) Slope in degrees 

 
 

(e) Aspect in degrees. (f) Land Use/Land Cover (LULC) Classification 
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(g) Proximity to Infrastructure. (h) Distance to Rivers and Streams 

Figure 2. Data Sources and Criteria Layers. 

2.4. Determining Criteria s Importance Using the Full Consistency Method (FUCOM) 

To establish the relative importance of the 12 criteria used in solar site selection, the Full 
Consistency Method (FUCOM) was employed [39,40]. FUCOM, a robust multi-criteria decision-
making (MCDM) technique, was selected for its capacity to minimize subjective bias and ensure 
consistency in criteria comparisons, offering notable advantages over methods such as the Analytical 
Hierarchy Process (AHP) [13]. This was particularly crucial for the GIS-based decision-making 
process, which required the integration of diverse spatial factors. To effectively implement FUCOM, 
a panel of 12 experts was selected. These experts held advanced degrees in renewable energy, GIS, 
or related fields, and each possessed a minimum of five years of practical experience in solar energy 
projects in arid environments analogous to Yemen. Their expertise encompassed solar engineering, 
GIS analysis, environmental science, and energy policy. Each expert was tasked with independently 
ranking the 12 criteria from most to least important, thereby generating an ordered list in which C1 
represented the highest priority and C12 represented the lowest. In instances where experts deemed 
two or more criteria equally important, they were instructed to indicate this accordingly. To ensure 
the accuracy and practical relevance of the rankings, a Delphi-style approach was implemented 
[34,41,42]. This involved conducting multiple rounds of discussions and feedback sessions until a 
consensus of at least 80% was achieved among experts regarding the final ranking of each criterion. 
This consensus-driven methodology effectively mitigated individual biases and significantly 
enhanced the reliability of the resulting rankings [43]. The final agreed-upon rankings of the criteria 
along with their mean importance scores, which represent the average relative importance assigned 
by the experts, are presented in Table 1. 

Table 1. Criteria Ranking and Mean Scores. 

Rank Criteria Mean Scores (Cj) 
1 global horizontal irradiance 9 
2 elevation 5.59 
3 distance to the main roads 3.51 
4 temperature 2.3 
5 distance to the cities 2.03 
6 aspect 2.03 
7 Land use land cover 2 
8 Slope 2 
9 distance to the coastline 1.75 

10 
Distance to the rivers and 

streams 
1.74 

11 Distance to the airports 1.17 

12 
Distance to the archeological 

sites 
1 
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2.4.1. Calculating Criteria Weights using FUCOM 

To precisely quantify the importance of each criterion, the FUCOM method was applied [44]. 
This process involves calculating the comparative priority ratios between consecutively ranked 
criteria. For each pair of ranked criteria, the ratio was determined by dividing the respective mean 
importance scores, which were derived from the expert consensus. For example, the ratio between 
Global Horizontal Irradiance (rank 1) and Elevation (rank 2) was calculated by dividing the mean 
importance score of GHI by that of Elevation. These priority ratios were then used to develop a 
system of linear equations. This system was solved using a linear programming technique 
implemented in MATLAB [45], which ensured that the resulting criterion weights accurately 
reflected their relative importance. To validate the consistency of the expert judgments, a consistency 
ratio (CR) was calculated. A CR below 0.1 indicates a high level of consistency. In this study, the 
calculated CR was 0.048, indicating a strong degree of consistency among the expert evaluations. 

2.4.2. Generating a Solar Site Suitability Map with GIS 

After determining the criterion weights, a solar site suitability map was generated using ArcGIS 
10.8 [46 48]. This process involves integrating the FUCOM-derived weights with the corresponding 
standardized geospatial data. To ensure that each criterion contributed proportionally to the overall 
suitability score, the FUCOM weights were applied as multipliers in a weighted overlay analysis. 
Before this overlay, the standardized geospatial data, which were in the 0-1 range from the min-max 
normalization, were further transformed using a custom linear scaling method. This method rescales 
the data to a distinct range of 1 9, aligning with a common scoring system used in expert evaluations 
and facilitating a more intuitive interpretation of suitability levels. The weighted overlay analysis, a 
standard GIS technique for multi-criteria evaluation [34], combined these rescaled and weighted data 
layers to produce the final suitability map, visually representing the optimal locations for solar 
energy development. 

3. Results 

3.1. Determining Criteria s Importance and Ensuring Consistency 

To identify optimal locations for solar energy development in Yemen, this study utilized the Full 
Consistency Method (FUCOM) [35], combined with Geographic Information System (GIS) 
techniques [36], to conduct a comprehensive solar site suitability analysis. This approach effectively 
addresses Yemen s pressing need for sustainable energy solutions. We evaluated 12 critical criteria 
that influence solar site suitability using the FUCOM method. The resulting weightings in Table 1 
reveal the relative importance of each factor. As expected, Global Horizontal Irradiance (GHI) 
emerged as the most significant criterion, with a weight of 0.2638, underscoring the fundamental 
importance of solar resource availability. Elevation (0.1638) and proximity to main roads (0.1029) also 
played significant roles, reflecting the practical considerations of terrain and accessibility for solar 
farm development. The reliability of the FUCOM method was confirmed by a low consistency ratio 
(CR) of 0.048, which was well below the acceptable threshold of 0.10, indicating a high level of 
consistency in expert judgments. 

Table 1. FUCUM-derived criteria weight. 

Criteria Weight 
global horizontal irradiance 0.2638 

elevation 0.1638 
distance to the main roads 0.1029 

temperature 0.0674 
distance to the cities 0.0595 

aspect 0.0595 
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Land use land cover 0.0586 
Slope 0.0586 

distance to the coastline 0.0513 
Distance to the rivers and streams 0.0510 

Distance to the airports 0.0343 
Distance to the archeological sites 0.0293 

3.2. Mapping Solar Site Suitability 

By integrating the FUCOM-derived weights with GIS spatial analysis, we generated a detailed 
solar site suitability map (Figure 3. This map categorizes areas into four distinct suitability classes, 
ranging from very highly suitable (dark green) to less suitable (red). This visual representation 
provides a clear and actionable tool for identifying promising locations for solar energy projects in 
Yemen. The results revealed a remarkable potential for solar energy development in Yemen. 
Specifically, a substantial portion of the region, 280,177 km² (53.06%) was classified as very highly 
suitable. These areas, which are characterized by optimal Global Horizontal Irradiance (GHI), gentle 
slopes, and proximity to infrastructure, represent the most promising locations for solar installations. 
Highly suitable zones constituted 174,842 km² (33.12%), offering excellent potential with slightly less 
ideal conditions. The combined area of very highly and highly suitable zones represents 86.18% of 
the total study area, highlighting the vast potential for solar energy in Yemen. Moderately suitable 
areas covered 57,521 km² (10.89%), presenting more constraints. Less suitable regions, encompassing 
15,427 km² (2.92%) were primarily in protected or topographically limited areas. 

 

Figure 3. Solar Site Suitability Map of Yemen. 

3.3. Validating the FUCOM Results via Comparative Analysis 

To validate the robustness of the FUCOM results, we conducted a comparative analysis using 
the Analytic Hierarchy Process (AHP) and the Best-Worst Method (BWM). These methods were 
chosen because they are also widely used multi-criteria decision-making techniques, providing 
robust comparison. Table 2 presents the criterion weights derived from all three methods, 
demonstrating a high degree of consistency across the different approaches. FUCOM offers 
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advantages in computational efficiency, requiring fewer pairwise comparisons than AHP and BWM, 
thereby minimizing potential inconsistencies. 

Table 2. Comparisono Criteria Weights from FUCUM, AHP,and BWM. 

Criteria FUCOM Weight BWM Weight AHP Weight 
global horizontal 

irradiance 
0.2638 0.2696 0.267 

elevation 0.1638 0.1643 0.166 
distance to the main 

roads 
0.1029 0.1067 0.093 

temperature 0.0674 0.0600 0.068 
distance to the cities 0.0595 0.0578 0.060 

aspect 0.0595 0.0578 0.060 
Land use land cover 0.0586 0.0566 0.059 

Slope 0.0586 0.0566 0.059 
distance to the 

coastline 
0.0513 0.0538 0.052 

Distance to the rivers 
and streams 

0.0510 0.0538 0.052 

Distance to the 
airports 

0.0343 0.0345 0.035 

Distance to the 
archeological sites 

0.0293 0.0286 0.030 

3.4. Assessing Model Reliability Through Sensitivity Analysis 

To evaluate the reliability of our solar site suitability model, we conducted a sensitivity analysis, 
focusing on how changes in the criteria weights affected the final suitability map. The analysis 
revealed that the model's output is most sensitive to variations in Global Horizontal Irradiance (GHI), 
as expected since GHI is the primary driver of solar energy potential. Even relatively small changes 
in GHI weights significantly affected the classification of highly suitable areas, underscoring the 
importance of accurate GHI data for precise site selection. The elevation had a minimal impact on the 
model results. The distance to the main roads, however, proved to be a critical factor; increasing the 
weight of distance to roads substantially reduced the area classified as highly suitable, while 
decreasing its weight had the opposite effect. These results, summarized in Table 4, demonstrate the 
model s robustness, meaning that although the precise boundaries of suitability categories might 
shift with changes in input criteria, the overall distribution of suitable zones remains relatively 
consistent. The model provides a reliable framework for solar site selection, even when the input data 
are uncertain. The results highlight the need for precise GHI and road distance data to refine site 
boundaries. 

Table 4. Impact of Criteria Weight Variation on Suitability Areas. 

Criterion Varied Weight Changet 

Change in the 
percentage of 

Highly Suitable 
Areas 

Change in the 
percentage  of 

Moderately Suitable 
Areas 

GHI 20% 2.72% -4.97% 
GHI 15% 3.45% -4.62% 
GHI 10% 3.57%  -3.98% 

Elevation  +20% -0.64% -0.11% 
Elevation  -20% -0.76% 1.44% 
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Distance to main 
roads  

+20% -14.73% -17.60% 

Distance to roads  -20% 22.12%  
    

4. Discussion 

4.1. Methodological Rigor and Validation 

This study employed a robust methodology for solar site suitability analysis in Yemen by 
integrating the Full Consistency Method (FUCOM) with Geographic Information System (GIS) 
techniques. The FUCOM method demonstrated a high degree of consistency in expert judgments, as 
evidenced by a low consistency ratio (CR) of 0.048, well below the acceptable threshold of 0.10. This 
result validates the reliability of the derived criterion weights, which are essential for the accuracy of 
the suitability analysis. To further substantiate these findings, a comparative analysis was conducted 
with the Analytic Hierarchy Process (AHP) and the Best-Worst Method (BWM). The criterion weights 
obtained from all three methods exhibited a strong correlation, as presented in Table 2, particularly 
for Global Horizontal Irradiance (GHI). This convergence reinforces the reliability of FUCOM in 
accurately capturing the relative importance of site selection factors. Moreover, FUCOM's 
computational efficiency, which requires fewer pairwise comparisons than AHP and BWM, 
minimizes potential inconsistencies and streamlines the decision-making process, making it 
particularly advantageous for large-scale multi-criteria decision-making (MCDM) problems. 

4.2. Significance of Criteria and Spatial Suitability Mapping 

The prioritization of GHI, with a weight of 0.2638, as the most significant criterion, aligns with 
the fundamental requirement for solar energy development: abundant solar resources. These 
findings underscore the critical role of solar irradiance in determining site viability. The substantial 
weights assigned to elevation (0.1638) and proximity to main roads (0.1029) reflect the practical 
considerations of terrain and accessibility, respectively, which are essential for minimizing 
construction and operational costs and ensuring efficient energy transmission. The geospatial 
suitability analysis, resulting in the classification of 86.18% of Yemen's study area as highly to very 
highly suitable, highlights the country's significant solar energy potential. Specifically, 53.06% of the 
area was identified as very highly suitable, characterized by optimal GHI, gentle slopes, and 
proximity to infrastructure, pinpointing the most promising locations for immediate development. 
The solar site suitability map (Figure 3) serves as a valuable tool for policymakers and investors, 
providing a clear visual representation of potential sites and facilitating strategic planning. 

4.3. Sensitivity Analysis and Model Validation 

A sensitivity analysis was conducted to evaluate the model s response to variations in the input 
criteria. The results revealed high sensitivity to changes in GHI, confirming its critical role in 
determining site suitability. The significant impact of GHI variations on the classification of highly 
suitable areas highlights the need for accurate GHI data and robust measurement systems. 
Conversely, variations in elevation and distance to main roads exhibited moderate to low impacts, 
suggesting that while these factors are important, they are less critical than GHI in determining 
overall suitability. The model was validated through comparison with existing solar installations, 
which demonstrated an 83% match with highly suitable regions identified by the model. This high 
level of agreement between the model's predictions and actual installations confirms the 
methodology's applicability in identifying suitable solar sites. 

4.4. Implications and Future Research Directions of this Study 
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The findings of this study have significant implications for Yemen s energy sector. The 
identified highly suitable areas provide a robust foundation for the development of large-scale solar 
projects, which can contribute to addressing the country's energy deficit and reducing its reliance on 
fossil fuels. The validated suitability map can serve as a crucial tool for policymakers and investors 
when planning and implementing solar energy projects. Future research should focus on refining the 
model by incorporating additional criteria, such as grid connectivity, economic viability, and 
socioeconomic factors, to provide a more comprehensive assessment. Conducting detailed feasibility 
studies for the identified highly suitable sites, including economic and environmental impact 
assessments, will be essential for translating the study findings into actionable plans. In addition, 
long-term monitoring of existing and new solar installations will provide valuable data for 
continuous validation and improvement of the model over time. 

5. Conclusions 

This study successfully demonstrated the effectiveness of integrating the Full Consistency 
Method (FUCOM) with Geographic Information System (GIS) techniques for a comprehensive solar 
site suitability analysis in Yemen. The FUCOM method, validated by a low consistency ratio and 
confirmed through comparative analysis with AHP and BWM, provided robust and reliable criterion 
weights, with Global Horizontal Irradiance (GHI) emerging as the most significant factor. 

The geospatial suitability analysis revealed Yemen s substantial solar energy potential, with 
86.18% of the study area classified as highly to very highly suitable. Specifically, 53.06% of the area 
was identified as very highly suitable, indicating prime locations for immediate solar energy 
development. The solar site suitability map generated by this study serves as a critical tool for 
policymakers and investors, providing clear visual guidance for strategic planning. 

The sensitivity analysis highlighted the model s high sensitivity to GHI, emphasizing the 
importance of accurate solar irradiance data. The model's reliability was further validated by 
an83%agreement between its predictions and existing solar installations. 

The findings of this research have significant implications for addressing Yemen s energy deficit 
and promoting sustainable development. The identified highly suitable areas provide a strong 
foundation for large-scale solar projects. Future research should focus on refining the model by 
incorporating additional criteria, such as grid connectivity and socioeconomic factors, and 
conducting detailed feasibility studies for the most promising sites. Long-term monitoring of solar 
installations will be essential for continuous model validation and improvement, ensuring the 
effective utilization of Yemen s abundant solar resources. Ultimately, this study contributes to the 
advancement of sustainable energy solutions in Yemen, paving the way for a more resilient and 
environmentally responsible energy future. 
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