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Abstract. The Mekong Delta, a key agricultural hub of Vietnam, faces mounting challenges
from climate change, including sea level rise, salinity intrusion, and erratic rainfall.
Simultaneously, Vietnam's transition to a green economy necessitates renewable electricity
generation expansion. Agrivoltaics, which integrates solar electricity generation with
agriculture, presents a promising solution to address these challenges by optimizing land use
and enhancing climate resilience. This study employs a GIS-based Analytical Hierarchy
Process (AHP) to assess the suitability of agrivoltaics deployment in the region, considering
solar irradiation, slope, aspect, and proximity to transmission networks. The results indicate
that over 99% of the Mekong Delta is suitable for small- and medium-scale agrivoltaics
systems, while more than 90% is viable for large-scale systems. However, a sensitivity analysis
reveals that the feasibility of large-scale agrivoltaics is significantly influenced by proximity to
transmission infrastructure. Key barriers include Vietnam’s constrained transmission grid, high
initial investment costs, and regulatory challenges. To unlock agrivoltaics' full potential, policy
recommendations include grid upgrades, financial incentives, and public-private partnerships.
This study provides the first comprehensive assessment of agrivoltaics in the Mekong Delta,
offering critical insights for policymakers, investors, and researchers to advance sustainable
energy-agriculture integration in Vietnam.
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1. Introduction

The Mekong Delta, often called Vietnam’s "rice bowl," is a critical agricultural region,
contributing nearly 50% of the country’s rice production and 75% of its aquaculture and fruit
outputs [1]. Spanning approximately 40,000 square kilometres and home to 18 million people,
the Delta plays a key role in national food security and exports [1]. However, it is also one of
the world’s most climate-vulnerable regions, facing rising sea levels, erratic rainfall, and
increasing salinity intrusion, which threaten agricultural productivity and socio-economic
stability [1]. At the same time, Vietnam’s growing energy demand, driven by rapid
industrialization and urbanization, calls for a transition to sustainable energy sources. The
Vietnamese government has set ambitious renewable energy targets, including achieving net-
zero emissions by 2050 and increasing renewable energy’s share in electricity production to
up to 71.5% by 2050 under the Just Energy Transition Partnership agreement [2].
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The region’s abundant annual solar radiation that is estimated in the range of 1,500 to
2,000 kWh/m? [3], makes solar energy a promising solution. However, the development of solar
farms requires extensive land for both installation and operation, often overlapping with areas
suitable for agriculture [4]. This overlap can lead to competition between renewable energy
projects and conventional farming, potentially diminishing agricultural output and raising
concerns about food security. Agrivoltaics, which integrates solar electricity generation with
agricultural practices [5], presents an innovative approach to optimize land use, enhance
climate resilience, and provide additional income for farmers while supporting Vietnam'’s
climate commitments. The dual use of land for both agriculture and energy production can
potentially enhance land use efficiency compared to traditional farming. In certain contexts,
agrivoltaics can enhance land productivity, with land use efficiency potentially doubling
compared to traditional single-use farming [6]. Agrivoltaics systems also offer additional
benefits, such as improved welfare and productivity for livestock grazing in the shade of solar
panels [7], [8], [9], and enhanced and stabilized crop productivity that reduces the risk of food
shortages and market disruptions, especially during dry years [10]. They also contribute to
maintaining stable water temperatures, reducing evaporation, and minimizing heat stress for
aquatic animals in aquaculture systems beneath solar panel installations [11], [12].

This study provides an initial assessment of the potential for agrivoltaics development in
the Mekong Delta, Vietham. A spatial analysis was carried out to identify and estimate land
areas suitable for agrivoltaics implementation in the region.

2. Method

The study employs a GIS-based analytical hierarchy process (AHP) method to evaluate land
suitability. The work of MacKenzie et al. [13] served as a foundational reference for the
methodology used in this study.

2.1 Selection of criteria and data

Selecting the criteria for rating is a critical phase in any site suitability analysis for photovoltaic
(PV) systems. In this study, key factors such as average global horizontal irradiance (GHI),
slope, aspect (slope orientation), and proximity to the closest transmission line were used to
assess the suitability of agrivoltaics systems. The average annual GHI of the Mekong Delta
were obtained from Solargis [3], transmission line data from the World Bank [14], a Digital
Elevation Model (DEM) from Ban Do Lam Nghiep [15], and the aspect values were calculated
using the aspect analysis tool in QGIS [16].

2.2 Average GHI

The Global Horizontal Irradiance (GHI) measures the total solar radiation received on a
horizontal surface. GHI helps evaluate the site's solar energy potential, guiding panel
placement, design, and energy output predictions. The GHI of the Mekong Delta region is
extracted from the Solargis map of Vietnam for the period 2007-2018 [3]. The region receives
substantial solar radiation, estimated to range between 1,500 and 2,000 kWh/m? annually [3].

2.3 Slope and aspect

The slope and aspect of a site are crucial factors in selecting locations for PV systems, as they
influence the construction costs and amount of solar radiation that the panels receive [17]. For
agrivoltaic projects, gently sloping surfaces are generally more suitable, with south-facing
slopes being preferable in the northern hemisphere. The study area's terrain is predominantly
flat, with most of the land having a slope ranging from 0 to a few degrees. The combination of
flat topography and the high resolution of the DEM data makes it challenging to identify specific
areas with south-facing slopes.
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2.4 Major power transmission lines

The proximity to major power transmission lines impacts the cost of infrastructure development
and the environmental consequences [17]. Proximity is more critical for agrivoltaic systems
than for conventional solar farms in order to maintain project development costs at an
acceptable level, as additional investment is required for enhanced structural framing. The key
transmission lines in the Mekong Delta region were extracted from Vietnam's transmission line
data [14]. While the 110 - 220 kV transmission networks are densely covered throughout the
study area, the 500 kV transmission network only reaches the northeastern part of the study
area.

2.5 Rating criteria

The suitability of land for agrivoltaics systems is based on a comparative analysis. As such,
specific rating criteria must be established. The data derived from the provided maps were
categorized into four groups: “Good,” “Fair,” “Low,” and “Poor”, with corresponding values of
100, 75, 50, and 25 rated to each category. In the context of this study the rating criteria was
adopted from the research conducted by MacKenzie et al. [13] for agrivoltaic systems, as
shown in Table 1.

Table 1. Rating criteria used in the study of MacKenzie et al. [13].

Variable Poor Low Fair Good
(25) (50) (75) (100)
Average GHI (kWh/m?) <1150 1150-1250 | 1250-1350 >1350
Slope (degrees) >11 3-11 1-3 <1
Distance from transmission line >75 50-75 25.75 <25
(km)
North, Southwest
Aspect Northwest, | East, West ’ South
Southeast
Northeast
Distance from transmlssmn line >75 50-75 25.75 <25
(km) - Scenario 1
Distance from transm|33|on line >50 25.50 505 <5
(km) - Scenario 2

The study of McKenzie et al. [13] focused on the feasibility of large-scale agrivoltaics farms
in Aotearoa New Zealand, with one of the key criteria for feasibility being the accessibility of
these systems to the national high voltage transmission network, as outlined above. In the
Mekong Delta region of Vietnam the dense transmission network comprises of 110 kV, 220
kV, and 500 kV lines [14], making it suitable for agrivoltaics farms of all sizes, from small- to
large-scale. This study evaluates the distance to the transmission network using two distinct
scenarios (see Table 1):

e Scenario 1: This scenario assesses the feasibility of constructing large-scale
agrivoltaics farms, with access to the national 500 kV transmission network. The rating
criteria for this scenario closely follows the framework of McKenzie et al. [13].

e Scenario 2: This scenario assesses the feasibility of constructing medium- and small-
scale agrivoltaics farms, considering access to a more varied transmission network
ranging from 110 kV to 500 kV. The rating criteria for this scenario also follows the
framework of McKenzie et al. [13] with the key difference being that the distance to the
transmission network is shorter than the threshold they used.
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2.6 Weighting criteria

Similar to the approach by MacKenzie et al. [13] this study employed the AHP method to assign
different weights to the selected variables. Originally developed by Saaty, the AHP method is
widely used for decision-making, particularly in determining weightings for multiple criteria [17].

A key advantage of AHP is its ability to simplify complex decision comparisons by using
pairwise evaluations, while also providing a mechanism to check decision consistency and
mitigate bias in the analysis [17]. The Weighting Criteria process of the AHP method has three
general steps [13], namely: pairwise comparisons, priority vector calculations, and consistency
ratio calculations.

2.6.1 Pairwise comparisons

Experts in the renewable energy sector were consulted to perform pairwise comparisons
between the criteria and sub-criteria. Each pair was compared on a scale from 1 to 9 [17],
where 1 indicates equal importance and 9 indicates extreme importance of one over the other.
These comparisons were synthesized into a comparison matrix for each level of the hierarchy.

2.6.2 Priority vector calculations

Once the comparison matrices were established, eigenvector calculations were performed to
derive the priority weights for each criterion. These weights indicate the relative importance of
each factor in the overall site suitability assessment.

2.6.3 Consistency ratios

To ensure the consistency of expert judgments, the Consistency Ratios (CRs) were calculated.
The CRis defined as the ratio of the Consistency Index (Cl) to the Random Index (RI) as given
by the following equation [17]:

CR=CI/RI (1)
where:

Cl = (Amax - 77)/(77' 1) (2)

where Amax is the principal eigenvalue of the comparison matrix, and n is the number of criteria.
A CR value of less than 0.1 is considered acceptable, indicating that the pairwise comparisons
are consistent. If consistency is not achieved, the pairwise comparison values would need to
be recalculated [17]. The weighting process is illustrated in Table 2.

Table 2. Weighting criteria used in this study (adopted from [13]).

Variable GHI Slope | Distance | Aspect WeLght Weéght We(i:ght Weg)ght V\‘IAe ‘:gh
GHI (A) 1 2 4 5 0.51 0.55 0.47 0.42 0.49
Slope (B) | 0.5 1 3 4 0.26 0.28 0.35 0.33 0.30
D'S(tg;‘ce 0.3 | 0.33 1 2 | 013 | 010 | 012 | 017 | 0.13
Aspect (D) | 0.2 0.25 0.5 1 0.10 0.07 0.06 0.08 0.08
Total 2 3.58 8.5 12 1 1 1 1 1
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2.7 Suitability mapping

In this study, each criterion’s rated value was multiplied by its weight derived from the pairwise
comparisons, and the results were summed up, as illustrated in the following equation [17]:

S=2iwi.Li (3)

where S denotes the overall score, w; represents the weight assigned to criterion i, and pi
signifies the standardized score for that criterion. Since the weights of all criteria total one, the
final scores for the combined solution can be represented on a uniform scale [17].

3. Result

The suitability maps that categorize the Mekong Delta into areas with good, fair, low, and poor
conditions for solar power plant installation are presented in Figures 1 and 2. Most of the study
area is suitable for agrivoltaics, accommodating both large-scale and small- to medium-scale
agrivoltaics construction scenarios. For the large-scale agrivoltaics installation scenario, areas
classified as having good conditions make up 91% of the total study area, while this percentage
increases to 99% for small- and medium-scale installation scenarios. The remaining areas in
both scenarios are rated as fair, with no regions identified as having low or poor conditions.
Regions deemed to have good conditions should be prioritized when planning solar power
plant development in the Mekong Delta. The details are shown in Table 3.

Land Suitability Map
(Medium & Small Scale)

Il Poor (25)
I Low (50)
[ Fair (75)
Il Good (100)
Power transmission lines
— 110kv
—— 220kV
500 kv

100 km

Figure 1. Suitability map for installing small- and medium-scale agrivoltaics systems in the Mekong
Delta
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Land Suitability Map
(Large Scale)

Il Poor (25)
I Low (50)
[ Fair (75)
Il Good (100)

Power transmission lines
— 110 kY
— 220 kV

500 kv

100 km

Figure 2. Suitability map for installing large-scale agrivoltaics systems in the Mekong Delta

Table 3. Suitability area for agrivoltaics installation in Mekong Delta.

Small- and medium-scale Large-scale
Rating Area (km?) Area (%) Area (km?) Area (%)
Poor 0 0% 0 0%
Low 0 0% 0 0%
Fair 294.03 0.76% 3534.92 9.08%
Good 38628.38 99.24% 35387.68 90.92%

4. Sensitivity analysis

Sensitivity analysis is a crucial step in the suitability assessment process to evaluate the
robustness of the model outcomes under varying conditions. The feasibility of solar PV projects
heavily depends on proximity to transmission power lines [18]. Therefore, in this study, the
weight of the distance to the transmission network criterion (originally set at 0.13) plays a
significant role due to its practical implications for the development of agrivoltaics systems in
the Mekong Delta. The decision to focus the sensitivity analysis on the weight of the distance
to the transmission network criterion is driven by its direct and significant influence on the
feasibility and cost-effectiveness of agrivoltaics deployment. While factors such as GHl, slope,
and aspect are critical for assessing the technical suitability of a location, the distance to the
transmission network has unique practical implications. This factor could directly impact
infrastructure investment costs, operational efficiency, and connectivity [17], which are pivotal
for the financial viability of agrivoltaics systems in the Mekong Delta (and elsewhere). In
contrast, variations in criteria such as GHI, slope, and aspect primarily influence energy
generation potential and technical feasibility, which are less flexible and often fixed by the
geographical and climatic conditions of the region. These factors are generally considered
baseline determinants for agrivoltaics suitability, whereas the distance to the transmission
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network represents a dynamic factor that can be prioritized differently depending on project
goals, funding availability, and policy incentives. By conducting a sensitivity analysis on this
criterion, the study aims to explore how prioritizing proximity to transmission infrastructure
affects the overall suitability rankings and to identify areas where trade-offs between technical
potential and infrastructural feasibility might occur. This focused approach ensures that the
analysis addresses a critical and controllable variable in the planning process, providing
actionable insights for stakeholders.

To perform the sensitivity analysis, two weights of the distance to the transmission network
were used. In the first sensitivity analysis, the weight of the distance to the transmission
network was increased to 0.20, reducing the weights of the other criteria proportionally. In the
second sensitivity analysis, the weight was decreased to 0.30, with proportional redistribution
among the other criteria. The suitability maps generated under these cases were then
compared to the original map to identify shifts in priority areas for agrivoltaics development. To
adjust the weights after increasing the weight of the distance to the transmission network
criterion, the remaining weight is redistributed proportionally among the other criteria based on
their original weights. The new weights for GHI, slope, and aspect were calculated as below
formulation:

Original Weight

New WEIght ~ Sum of Original Weights

X Remaining Weights

The weighting criteria used in sensitivity analysis was shown in Table 4.

Table 4. Weighting criteria used in the sensitivity analyses.

Variable Dist_ance G_HI Slc_>pe Aspect
weight weight weight weight
Original weight 0.13 0.49 0.30 0.08
13 sensitivity analysis 0.20 0.45 0.28 0.07
2" sensitivity analysis 0.30 0.40 0.24 0.06

When the weight of the distance to the transmission network was increased from 0.13 to
0.2 and 0.3, the land area deemed suitable for agrivoltaics system construction in medium-
and small-scale scenarios decreases slightly by less than 1%, dropping from 99.24% (in the
baseline scenario) to 99.12% and 98.96%, respectively. This minimal impact can be attributed
to the relatively dense transmission network available for medium- and small-scale systems,
which includes 500kV, 220kV, and 110kV infrastructure. In contrast, for the large-scale
agrivoltaics system construction scenario, increasing the weight of the distance to the
transmission network from 0.13 to 0.2 and 0.3 resulted in a substantial reduction in suitable
land area, decreasing from 90.92% to 78.02% and 60.02%, respectively. This significant
sensitivity is due to the reliance of large-scale systems solely on the sparse 500kV
transmission network, which limits the availability of suitable locations. The detailed results,
including land area classifications under varying sensitivity analysis, are presented in Tables
5 and 6.

Table 5. Suitability area sensitivity analysis for small- and medium-scale agrivoltaics systems.

Variable Poor Low Fair Good
Original evaluation 0% 0% 0.76% 99.24%
13 sensitivity analysis 0% 0% 0.88% 99.12%
2" sensitivity analysis 0% 0% 1.04% 98.96%
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Table 6. Suitability area - sensitivity analysis for large-scale agrivoltaics systems.

Variable Poor Low Fair Good
Original evaluation 0% 0% 9.08% 90.92%
13t sensitivity analysis 0% 0% 21.98% 78.02%
2" sensitivity analysis 0% 0% 39.98% 60.02%

The results indicate that increasing the weight of the distance to the transmission network
highlights areas closer to the existing infrastructure as more suitable. These findings
underscore the importance of carefully balancing criteria weights to reflect real-world priorities
and guide informed decision-making for agrivoltaics deployment.

5. Conclusion

Agrivoltaics presents a promising solution for addressing both energy and agricultural
challenges in the Mekong Delta, a region facing severe climate change impacts. Especially
since it has been shown [19] that the productivity of rice, the main produce in the region, can
be enhanced with agrivoltaics.

This study employed a GIS-based Analytical Hierarchy Process (AHP) to evaluate land
suitability for agrivoltaics deployment, identifying that over 99% of the region is suitable for
small- and medium-scale agrivoltaics systems, while more than 90% is feasible for large-scale
systems. These findings underscore the significant potential for integrating solar energy
production with agricultural activities, offering a dual benefit of enhancing land-use efficiency
and contributing to Vietnam’s renewable energy goals.

However, the study also highlights critical barriers to widespread agrivoltaics adoption.
Sensitivity analysis revealed that the feasibility of large-scale agrivoltaics is highly dependent
on proximity to transmission networks, with the proportion of suitable land decreasing
significantly when this factor is given greater weight. Vietnam’s existing transmission
infrastructure is under considerable strain, particularly in regions with high renewable energy
production, including the Mekong Delta [20]. This grid limitation, combined with high initial
investment costs [5] and regulatory uncertainties [21], poses challenges to large-scale
agrivoltaics implementation.

To address these barriers and advance agrivoltaics deployment, several policy and
practical recommendations are proposed. Strengthening the transmission network, particularly
the 500kV infrastructure, is crucial to improving energy distribution and reducing curtailment
risks. The government should develop clear regulatory frameworks and financial incentives,
such as tax benefits and grants, to support farmers and investors in adopting agrivoltaics.
Additionally, awareness campaigns and capacity-building programs can facilitate stakeholder
engagement and enhance implementation success. Public-private partnerships should also be
encouraged to fund pilot projects and create scalable models for future expansion.

There are a few limitations to this study. Due to the lack of open-access government data,
it relied on alternative sources, some of which were collected more than five years ago and
may not fully reflect current conditions. The study also did not incorporate detailed land-use
classification, which could further refine the suitability analysis. Additionally, socio-economic
aspects such as community acceptance, farmer engagement, and financial incentives were
acknowledged but not deeply explored. Furthermore, a comprehensive environmental impact
assessment was not conducted, leaving gaps in understanding the long-term sustainability of
agrivoltaics in the region.
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Further research is needed to refine and expand upon the insights provided in this study.
Future studies should incorporate detailed land-use data to enhance GIS suitability mapping
and conduct socio-economic analyses to understand community acceptance and financial
viability. Comprehensive environmental impact assessments will be essential in evaluating
agrivoltaics' long-term ecological implications. Additionally, cost-benefit analyses tailored to
local conditions and policy impact evaluations can provide valuable guidance for decision-
makers. By addressing these research gaps, agrivoltaics can be further optimized as a
sustainable land-use strategy for the Mekong Delta and other climate-vulnerable regions
worldwide.
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