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1. Introduction

A worldwide shift towards a decarbonised trend has started as an endeavour to mitigate the effects
of climate change. As Cambodia develops not just to replace fossil fuel sources but also to satisfy
future energy needs, the fast-growing domestic energy demand has caused the nation to turn
towards renewable methods of power production deliberately. Since 2010, renewable technologies
have become cost-competitive alternatives. The International Renewable Energy Agency (IRENA)
and the National Renewable Energy Laboratory (NREL) report that solar module prices have
dropped by up to 85%, allowing developing nations like Cambodia increased access and economic
viability [1], [2].

Though the country could develop new renewable energy sources, Cambodia still needs to create a
clear plan for the site of solar farms. This difference inhibits effective planning and the advancement
of renewable energy projects, which are necessary to meet the growing requirements for power with
sustainability.

2. Problem Statement

Identifying suitable locations for solar farms in Cambodia presents several challenges. The primary
issue is the need for a systematic approach to evaluating potential sites, considering the diverse
factors influencing a location's suitability. These factors include environmental sustainability,
proximity to existing infrastructure, and socio-economic impacts on local communities. Decision-
making can be inconsistent without a structured method to integrate and analyse these variables,
leading to suboptimal choices that may not maximise the benefits of solar energy.

This research aims to develop and implement a decision-support tool using Geographic Information
Systems (GIS) and Analytical Hierarchy Process (AHP) [3], [4]. This tool aims to determine optimal
sites for utility-scale solar installations in Cambodia by systematically assessing and integrating
multiple criteria. By doing so, the tool will facilitate more informed, efficient, and transparent decision-
making in deploying solar energy resources, aligning with technical needs and local socio-economic
conditions.

3. Methodology
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Figure 1. Overview of Methodology
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Figure 2. Long-term average of PVOUT, period 2007-2018 (left) | Study area map built in
QGIS (right)
spatial data. The primary functions of QGIS in this project included overlaying various data layers
such as land use, solar irradiance, and existing infrastructure, which are crucial for assessing the
geographical suitability of potential solar farm sites. The study focused on Pursat and Kampong
Chhnang provinces, chosen due to their high solar irradiance [5] and detailed environmental and
infrastructural data availability.

A structured AHP survey involving Electricité du Cambodge (EDC) stakeholders, the primary state-
owned utility managing electricity generation, transmission, and distribution throughout Cambodia,
was conducted to identify and prioritise site selection criteria. This included key personnel engaged
in generation, transmission, and distribution, ensuring that the criteria reflected comprehensive
expertise and operational realities. The survey evaluated factors such as land use, proximity to
substations, population density, logistics accessibility, flood risk, and the Levelized Cost of Energy
(LCOE). Workshops facilitated discussions that helped refine these factors and collect quantitative
and qualitative feedback.
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such as projection for alignment, clipping to the study area, and rasterisation for subsequent
analysis.

LCOE was identified as a crucial factor due to its direct impact on the economic feasibility of solar
farms. This involved a more detailed analysis where various sub-layers, such as proximity to
substations and roads, which influence installation and operational costs, were created.
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The formula used for LCOE calculation incorporated parameters like capital and ongoing expenses,
degradation rate, discount rate, and expected energy output. These parameters were informed by
benchmarks from similar projects and adapted to local conditions. The LCOE for each site was
calculated using the following formula:
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LCOE = Eq. 1)

Following this, a rigorous load flow analysis was performed to examine the existing grid's capacity
to support new solar installations, emphasising the role of substations like GS SNA ANSAR (GS 49),
GS SVAY SOR (GS 45), GS KAMPONG CHHNANG (GS 19), and GS OUDONG (GS 6). This
analysis evaluated each substation's operational efficiency and future expansion capacity. The study
revealed that while substations GS 49 and GS 19 currently support substantial solar capacities, there
is limited scope for further expansion without significant grid enhancements. In contrast, GS 45, with
a more robust infrastructure, showed potential for additional capacity, highlighting the importance of
strategic infrastructure planning to facilitate renewable integration without compromising grid
stability.
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Figure 4. Overview of the grid and substation within the Study Area (left) | Interconnection
of the focus key stations (right)

The Load Flow Analysis also assessed the substations’ ability to integrate additional renewable
energy sources. This was crucial for determining practical expansion limits and ensuring system
reliability due to increased solar power input. Key findings suggested that careful management of
load capacities and strategic infrastructure investments are essential to optimize the grid for future
energy demands.

4. Result and Discussion

Our study utilised a Raster Calculator tool to generate a suitability modelling map, integrating
datasets such as LCOE, land use, flood risk, slope, and population density. These criteria were
reclassified and weighted according to their importance derived from AHP results, leading to a
detailed suitability map. This map divides the study area into four categories: highly suitable,
moderately suitable, marginally suitable, and not suitable. This classification allows for targeted
decision-making in solar farm locations, emphasising areas that align with geographical advantages
and minimal socio-economic disruptions.

The suitability map shows a balanced distribution across various categories, with each covering
approximately 4,162 km? or about 25% of the total area studied. The analysis highlights favourable
regions for solar farm construction, particularly in the eastern part of the study area, while identifying
regions that may require further investigation or minor adjustments.
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Figure 6. Final Suitability Map and Locations of Existing Solar
Farms in Pursat and Kampong Chnang Province

The load flow analysis explored the capacity of existing grid infrastructure to accommodate additional
renewable energy inputs. Specifically, we examined the potential expansion at GS45, proposing the
integration of a new three-winding transformer to support a further 100 MW from a planned solar
farm. This analysis showed that the upgraded infrastructure could manage this increase without
compromising system reliability or operational efficiency.

Table 1 (Additional Transformer Scenario) Analysis Result of 3-Winding Transformers

Line-Line Line-Line Line-Line
Positive- Positive- Positive- . . . . .
Apparent | Active Reactive Loading | Loading Loading Losses
Name Sequence- | Sequence- | Sequence- [ — D T (HV) (MV) w) (total)
Voltage, Voltage, Voltage,
Magnitude Magnitude Magnitude
3 Winding HV-Side in MV-Side in LV-Side in HV-Side HV- HV-Side
i i L 9, 0,
Transformers kv kv kV in MVA s';::\;n in Mvar % % % Mw

GS45Tr-1 230 115.8 22.3 37.3 | -37 -2.1 37.3 | 43.3 12 0.1

GS45Tr-2
(expansion) 230 115.8 22.3 37.3 | -37 -2.1 37.3 | 43.3 12 0.1

GS6TR-1 | 226.2 | 1153 | 216 | 135 | -13 | 1.7 | 6.8 | 6.7 0 0.1
Gs6TR2 | 226.2 | 1153 | 216 | 135 | 13 | 1.7 | 6.8 | 6.7 0 0.1

5. Conclusion

This research effectively combines the Analytic Hierarchy Process (AHP) with GIS-based decision-
making to evaluate solar farm locations, focusing on site suitability and grid integration. Findings
highlight that limited areas are highly suitable for development, emphasising the importance of
strategic site selection based on comprehensive criteria. The load flow analysis also validates the
potential of infrastructure enhancements, like the GS45 substation expansion, to support increased
solar capacity. Despite its insights, the study acknowledges limitations related to data reliance and
the exclusion of broader economic and environmental impacts. Future studies should explore
dynamic modelling to improve the adaptability of renewable energy systems to environmental and
market changes.
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