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Abstract

A integrated strategy for the water-food-energy nexus has been developed for the rural region of Banshdaha,Satkhira,
aiming to promote sustainability by balancing economic feasibility, environmental protection, and social well-being.
Recognizing the pressing challenges in rural areas-such as limited access to clean water, food insecurity, and unreliable
energy; a set of integrated, locally adaptable solutions was proposed. Freshwater scarcity was addressed through a
solar desalination system utilizing the plate-in-tube technique, chosen for its simplicity, low operational cost, and
suitability for sun-rich regions. To strengthen food security, vertical farming was introduced, enabling local, pesticide-
free food production regardless of seasonal constraints, while significantly reducing the need for transportation and
external supply chains. Energy requirements were met through a hybrid model combining solar power and biomass
energy, ensuring a stable and renewable energy supply to operate irrigation systems, household appliances, and
community services. Each component of the nexus was selected based on its potential to function harmoniously with
the others, creating a closed-loop system that conserves resources and reduces environmental degradation. The research
demonstrates how decentralized, low-impact technologies can be deployed in synergy to uplift rural livelihoods and
build community resilience. By aligning modern sustainability practices with local needs and capacities, a replicable
model has been outlined for achieving long-term resource security and development in under-resourced regions.

Keywords: Food-water-energy nexus;sustainability;solar desalination;vertical farming;biomass.
1 Introduction

The water-food-energy nexus is fundamentally defined as the significant interconnection between three essential
resources for human societies, where actions in any one sector can have profound effects on the other two sectors.
According to the Food and Agriculture Organization (FAQ), the nexus approach recognizes that water security, energy
security, and food security are very much linked to one another. More specifically, the nexus represents the inherent
connections between water, energy and agricultural management, and the environmental implications of each. These
connections have traditionally not been considered explicitly in decision-making processes, thereby increasing the
potential for conflicts of interest between sectors relying on the same set of resources as pressure on these grows. The
core logic underlying the WFE nexus is straightforward yet profound: there is no energy production without water, no
water supply without energy, and no food production without these key resources. This fundamental interdependence
means that impacts on one resource, whether from the demand or supply side, affect all others and thereby the entire
production or consumption chain (Lazaro et al., 2022).
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Figure 1. Location map of the study area (Banshdaha,Satkhira)

Banshdaha Union is a rural administrative unit (union parishad) located in Satkhira Sadar Upazila, Satkhira district,
within the Khulna Division of Bangladesh.The economy of Banshdaha, like most areas in Satkhira district, is primarily
based on agriculture and aquaculture.A saline area which is highly affected by climate change and faces pure
water,food cultivation and energy production problems. Water security is already seriously threatened for about 80%
of the world's population, according to indices including pollution, demand, and availability of water. Reduced water
storage in snow and ice as well as greater precipitation variability are expected effects of climate change. Consequently,
this will raise river flow variability (including both drought and flooding), which will make the surface water supply
less dependable (Laube, 2008).Food systems have been impacted by climate change in a number of ways, from direct
effects on crop production (e.g., variations in rainfall causing drought or flooding, or variations in temperature causing
the length of the growing season), to modifications to markets, food prices, and supply chain infrastructure (Gregory
etal., 2005). Renewable energy sources including bioenergy, and hydro, solar and wind power are impacted by climate
change in varying degrees due to changes and variability in precipitation, temperature, wind speed and solar irradiation.
(Yalew et al., 2020).The idea of the "water-food-energy nexus" was developed in order to thoroughly examine and
manage the world's resource systems, including those pertaining to water, food, and energy (Zhang et al., 2018). The
water-food-energy (WFE) nexus model suggests that the first step towards guaranteeing resource security in the global
context of resource scarcity, climate change, and growing and competing needs for food, energy, and water is
integration and interdependence across different sectors.

2 Methodology

Our study area faces salinity problem which affects pure drinking water and food production.Also being a rural area
Banshdaha faces electricity scarcity.So for a sustainable resource management;a nexus has been tried to be created
between water-food-energy.The goal was to build a nexus which is economical for the people of rural area for water
treatment method “Plate in tube-Solar desalination system” has been approached.For food cultivation method “Vertical
farming” has been suggested and for energy production method a hybrid system of “solar energy and biomass energy”
has been proposed.

2.1 Plate In Tube Solar Desalination for Water Treatment

The Plate in Tube Solar Desalination Technique is an innovative method designed to enhance the efficiency of solar
desalination. It can be a cheaper solution for water problems. Many studies on solar desalination had been conducted
since 1960. Then a new type of solar still “Plate in tube solar still” was introduced. To enhance the evaporation surface,
the "Plate in Tube" technique uses a cement mortar plate wrapped in composite cloth and placed in a steel tray. The
cloth, like the mortar plate, functions as an absorption medium for water and heat (Ajwad Anwar et al., 2019).The
methodology for water management in Banshdaha, Satkhira focuses on addressing the region’s chronic freshwater
scarcity caused by salinity intrusion, tidal flooding, and limited access to safe drinking water. The system is designed
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to source saline surface water from nearby ponds and canals, which are abundant but not directly drinkable due to high
salt content.This collected water is first filtered through a simple sand and cloth filter to remove large particles and
suspended solids.The filtered water is then treated using a solar-assisted plate-in-tube desalination system, which
operates by utilizing thermal energy to evaporate and condense water, effectively separating salts and impurities. The
desalination unit is powered primarily by a 2.1 kW solar photovoltaic system is needed for pumping saline/brackish
water into the system.The maximum production rate in May and minimum production rate in August are found as 3.83
and 1.12 L/m?/day, respectively, in case of peak production and 3.09 and 0.63 L/m?/day, respectively, in case of
average production. The average production rate throughout the study period is found as 1.93 L/m?/day (0.31 L/day).
In this case size of rectangular tray was (1.0 m x 0.16 m x 0.05 m) (Karima & Shafiul Islam, 2019).

The desalination unit is designed to produce approximately 20 liters of potable water per day, sufficient for the drinking
and cooking needs of a typical rural household. The water is collected in a hygienic container and stored for family
use. During cloudy days, the system output may reduce, but since the process is passive and heat-based, it continues
to function without grid dependency. Other daily water needs such as bathing, laundry, and sanitation are fulfilled
using conventional groundwater sources, pond water, or harvested rainwater, which are already in use in the local
community.To estimate the number of Plate-in-Tube desalination units required to fulfill the minimum daily water
demand for five individuals, the consumption was assumed as 4 liters per person per day. Therefore, the total daily
water requirement is:

Total daily water demand=5 personsx4 L/person=20 L.

According to the experimental results the average freshwater production per Plate-in-Tube unit is 0.31 L/day. Hence,

the required number of units is calculated as:
L

20—
Number of units required = ﬁ = 64.52 = 65

~*day
Therefore, under average environmental conditions, a minimum of 65 Plate-in-Tube desalination units (each with tray
dimensions of 1.0 m x 0.16 m) would be needed to meet the daily water demand of a five-member household. This
design balances both physical feasibility and water demand, making it suitable for rooftop installation and low-cost
construction.

Figure 2. Photographic view of Plate in Tube Solar Desalination System (Anwar et al., 2016)

2.2 Vertical farming for Food Cultivation

Vertical farming is an innovative method of urban agriculture that involves growing crops in vertically stacked layers,
often in controlled indoor environments.Vertical farming is proposed as a solution to produce sustainable urban food
by cultivating plants on vertically inclined surfaces in urban areas (Kalantari et al., 2018).The core principle for
implementing low-cost vertical farming in rural Satkhira was appropriate technology;so we utilized locally available,
affordable, and repurposed materials to build simple, effective, and maintainable systems that can be managed by the
local community.

To begin with, we had to select appropriate sites. So, we identified small plots (100-200 sqm) or homestead spaces
near participants’ homes. We prioritized locations with proper security (to prevent theft), access to a purified
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desalinated water source, reasonable sunlight exposure (6+ hours), proximity for daily management, and good
drainage.Next, to mobilize the community, we conducted workshops to explain the benefits of vertical farming, along
with basic training on operations and maintenance. We recruited interested farmers and homesteaders — especially
women’s groups and youth. A core management committee was formed to oversee the process.

For the structure, we chose bamboo as the primary material, since it’s locally abundant, strong, and renewable. We
also used recycled wood, PVC pipes (when affordable or available), and sturdy rope (jute or synthetic).

We constructed A-Frame Tiered Systems using bamboo poles. Horizontal bamboo crossbheams supported growing
trays/shelves at multiple heights (3-5 tiers) — this helped maximize vertical space while allowing easy access and
proper light exposure.

We also built Vertical Tower Systems using large-diameter bamboo culms or perforated PVVC pipes mounted vertically
in frames. We cut planting pockets into the material and filled them with growing media — these towers were mainly
used for leafy greens and herbs.In areas with compound walls, we added Wall-Mounted Shelves using either the
existing walls or attaching bamboo frames to stack trays vertically.To ensure optimal light exposure, we oriented the
structures toward sunlight. For hot summer days, we used adjustable shade nets (30-50%) mounted on bamboo frames.
Where needed, we used woven jute screens as a low-cost alternative.

We managed temperature and humidity passively;the open structure allowed ventilation, and shade nets helped reduce
heat. We mulched the media surface using rice straw or dried leaves to conserve moisture and keep roots cool. On very
hot days, we misted the plants using desalinated water.During monsoon, we ensured the structures could withstand
wind by using strong lashing and guy ropes. To protect the plants from heavy rain, we used reused or low-cost plastic
sheeting as covers. We also ensured proper drainage around the structures to prevent nutrient dilution.

Figure 3. Vertical Farming layout

2.3 Solar and Biomass Energy for Energy Production

The integration of solar and biomass energy systems presents a highly effective solution for meeting the energy needs
of the Satkhira region in Bangladesh. Satkhira lies in the southwestern coastal belt, where grid electricity is often
unreliable or inaccessible in remote and disaster-prone areas. The region benefits from abundant solar irradiation,
receiving an average of 4.5 to 5.5 kWh/m#/day, making it well-suited for solar photovoltaic (PV) installations (Sreda,
2021).Simultaneously, Satkhira has a high availability of biomass resources, including rice husk, cow dung, jute sticks,
and organic waste from shrimp farms, which can be converted into biogas or solid fuel . While solar energy provides
an effective source during daylight hours, its intermittency especially during monsoon and cloudy days can be offset
by biomass, which can supply energy continuously or during nighttime. This hybrid approach ensures reliable,
decentralized power for essential services such as water pumping, refrigeration, and food processing, which are critical
for supporting the food-water-energy nexus in the region. Moreover, it strengthens climate resilience by reducing
dependence on vulnerable centralized power systems, especially important in an area frequently affected by cyclones,
flooding, and salinity intrusion . Beyond environmental benefits, such systems also promote rural livelihoods by
creating local jobs in system maintenance, biomass collection, and energy service delivery, thereby contributing to
sustainable socio-economic development.To ensure uninterrupted operation of the plate-in-tube desalination unit
(~8 kWh/day), along with essential domestic loads (fan + lighting: ~0.6 kWh/day), an overall daily energy requirement
of 8.6 kWh/day is established. Given Satkhira’s typical 5 peak sun hours/day, an ideal PV array would be 1.72 kW,
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which after applying a 20% derating factor to account for system losses results in a 2.1 kW nominal solar PV system,
corresponding to approximately 6-7 panels of 330 Wp each, mounted at optimal tilt for maximum annual yield
(Dabczynski et al., 2022).

In the rural coastal region of Satkhira (Banshdaha), biomass energy can be effectively utilized through the direct
combustion of locally available agricultural and organic residues. The primary biomass sources include jute sticks, rice
husk, paddy straw, coconut shells, banana plant residues, cow dung, and dried fish waste, all of which are abundantly
generated from farming, livestock, and household activities. These materials are collected by local farmers and
households after harvesting or daily use, then transported to designated community-level collection points. To ensure
high combustion efficiency, the biomass is sun-dried to reduce moisture content to below 15%, and then chopped or
bundled for easy handling and storage (Gebreegziabher et al., 2013). Cow dung, after being dried into cakes, is also
used as a traditional and effective combustion fuel.

3 Discussion
This research has explored an integrated approach to addressing food, water, and energy challenges in rural settings

like Satkhira by utilizing a decentralized, resource-efficient model. The proposed system demonstrates how a self-
sustaining household-level nexus can function effectively using locally available and renewable resources.

Figure 4. Water-Food-Energy Nexus Model for our study area

At the heart of the model lies the principle of circularity where outputs from one system component become inputs for
another thus minimizing waste and maximizing resource efficiency.The energy component of the model relies
primarily on solar power and biomass. Solar panels generate electricity to run essential devices such as lights, fans,
and the plate-in-tube water purification system. This reduces dependency on unreliable or non-existent grid electricity
in rural areas. Additionally, biomass readily available in agricultural regions is used for cooking, offering an alternative
to expensive or unsustainable fuel sources.The water component emphasizes access to safe and clean water through
the use of a solar-powered plate-in-tube water purifier, which treats surface or pond water. This purified water is then
utilized for drinking, cooking, and other household needs. Importantly, greywater (wastewater from these uses) is
collected and reused for irrigation purposes, particularly in the food production system.The food segment incorporates
vertical farming, particularly on rooftops, which enables households to cultivate fresh vegetables in a space-efficient
manner. Using greywater for irrigation supports a closed-loop system and enhances sustainability. The vegetables
produced contribute to local food security, nutritional improvement, and cost savings, all of which are vital in
economically constrained rural areas.Together, this integrated system—combining solar and biomass energy,
decentralized water purification and reuse, and rooftop vertical farming offers a realistic, affordable, and sustainable
solution tailored to the unique challenges of rural area. The model not only meets basic household needs but also
contributes to environmental conservation, resilience against climate impacts, and community empowerment.
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4 Conclusion

Examining the Water-Food-Energy Nexus in Banshdaha, Satkhira highlights the critical need for integrated resource
management to address climate change impacts, escalating salinity, and freshwater shortages. Our findings
demonstrate that combining salt-tolerant crops with vertical farming and renewable energy technologies like solar and
biomass can significantly enhance community resilience by synergistically integrating these interdependent systems.

Water security is the most pressing challenge due to saline intrusion, droughts, and erratic rainfall was strengthened
through context-appropriate innovations. The Plate-in-Tube Solar Desalination technique, alongside traditional
approaches like pond sand filters and rainwater harvesting, provided locally viable solutions that balance technical
efficacy with socioeconomic accessibility. Plate in tube method is advised to be used as it is found the best and most
economic method than other methods mentioned. For food production, vertical farming and salt-tolerant crops emerged
as complementary strategies to counter land degradation and water constraints. These approaches enable consistent
household-level cultivation despite adverse environmental conditions, offering scalable pathways for coastal
communities. Vertical farming is asvised to be developed in the Sathkhira zone (Banshdaha) for creating a nexus and
also for low ecomonic budget. Energy needs were met through decentralized solar and biomass systems, which
simultaneously supported water treatment and agricultural operations while displacing fossil fuels. This integration
enhanced system reliability in off-grid areas without compromising environmental sustainability.
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