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Abstract

A field survey was conducted during the Rabi season of 202425 across four tehsils of District
Gujranwala and Wazirabad (Gujranwala city, Wazirabad, Kamoke, and Nowshera Virkan) to
assess the factors influencing the adoption of solar tube wells. Primary data was collected from
80 farmers using a pre-tested questionnaire. Findings revealed that 65% of farmers had adopted
solar tube wells to mitigate energy costs, impact of non scheduled loadsheding of electricity, and
improve irrigation reliability. The study identified eight key drivers of adoption, including
reduced energy cost, government subsidy, environmental benefits, reliable water availability,
long-term savings, easy operation, enhanced crop productivity, and improved sustainability.
However, adoption is constrained by some major issues: high initial cost, theft risk, lack of
technical knowledge, harsh weather damage, limited financing options, maintenance issues, low
awareness, and unavailability of repair services. Results suggest that targeted financial
incentives, training programs, and local service support are essential to accelerate solar energy
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adoption in the agricultural sector of Punjab.

INTRODUCTION

Agriculture in Pakistan is highly dependent on irrigation, and
energy plays a critical role in ensuring timely and adequate
water supply. With rising fuel prices and inconsistent
electricity supply, the adoption of solar tube wells has
emerged as a sustainable solution. Punjab, particularly District
Gujranwala, characterized by small to medium landholdings
intensive cropping and faces frequent energy shortages. Solar-
powered irrigation, a reliable option to overcome the issues.
Despite the government’s promotion of renewable energy
technologies, the adoption rate remains moderate due to
economic and technical constraints. Pakistan’s population is
expected to rise to 320 million by 2050, with an annual
growth rate of 1.92%, creating serious challenges in fulfilling
the nation’s growing requirements for food, energy, and
water.(Hussain and Latif, 2024). To fulfill our needs we have
to shift to alternative resources especially energy crisis in
Pakistan are increasing day by day. Now people are shifting
towards solar energy in order to meet their demand of
electricity for domestic as well as agricultural purposes. The

country enjoys abundant solar resources, with 185-290 sunny
days annually, 95% sunshine coverage, and 7-7.5 daily
sunshine hours, making it highly suitable for solar energy
applications. Pakistan has an easily accessible solar energy
potential of approximately 2.8 million megawatts. Tube well
irrigation, a key practice, depends largely on diesel and
electricity, both of which have seen steep price hikes between
2020 and 2025 (GOP, 2022). This has significantly increased
input costs and reduced farm profitability, highlighting the
urgent need for affordable and sustainable energy alternatives
like solar power (Ali and Khalid, 2022). Solar energy offers a
reliable and efficient alternative to conventional power
sources. This makes it ideal for integrating solar energy with
submersible pumps to meet irrigation needs. Solar-powered
tube wells eliminate the dependency on fuel availability or
electrical infrastructure, allowing farmers to operate them
freely during daylight hours without concerns about rising
fuel costs or power shortage (Ahmed & Raza , 2005). This
study focuses on evaluating the adoption trends, identifying
key drivers, and exploring barriers affecting the wider
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implementation of solar tube wells among farmers in Districts
Gujranwala and Wazirabad.

MATERIALS AND METHODS

A field survey was conducted in tehsils of Districts
Gujranwala and Wazirabad (Gujranwala city, Wazirabad,
Kamoke, and Nowshera Virkan) during the Rabi season
2024-25. Eighty farmers were selected using purposive
sampling (20 from each tehsil). A structured questionnaire
was designed to collect demographic data, information
regarding adoption status, reasons for adoption, and perceived
barriers. Data were analyzed using descriptive statistics, and
results were presented in tabular form.

Table 1. Demographic characteristics of respondent
farmers (n=80)

Tehsil Average Education Average Solar
Age (% Landholding  Tube
(years) educated)  (acres) Well
Users
(%)
Gujranwala 44 78 15.6 70
Wazirabad 46 75 13.8 65
Kamoke 42 81 125 60
Nowshera 47 69 10.9 55
Virkan

RESULTS AND DISCUSSION

The survey data collected from 80 farmers across the tehsils
of Gujranwala and Wazirabad districts (Gujranwala city,
Wazirabad, Kamoke, and Nowshera Virkan) revealed diverse
adoption patterns of solar tube wells (STWSs). The majority of
farmers in Gujranwala city (70%) and Wazirabad (65%) had
adopted STWs, primarily due to better access to markets,
solar vendors, and government promotional programs.
Conversely, the adoption rate was lower in Kamoke (60%)
and Nowshera Virkan (55%), where limited financing
facilities and lower awareness levels were reported. The
demographic profile indicated that most adopters were
middle-aged farmers (average 45 years) possessing formal
education and owning medium landholdings (10-16 acres).
These findings align with previous studies (Khan &
Asghar,2025) which emphasized that education, farm size,
and access to finance significantly affect renewable energy
adoption decisions.

Economic benefits emerged as the most influential driver of
adoption. Approximately 78% of respondents reported
substantial savings in irrigation costs compared to diesel or
electric tube wells. Furthermore, 73.7% of farmers indicated
that water availability became more reliable and timely,
enabling them to irrigate crops such as rice, wheat, and fodder
without electricity interruptions. This reliability enhanced
cropping intensity and productivity. About 56% of adopters
reported that yield improvements ranging from 8-15% in rice
and wheat crops due to timely irrigation. Farmers observed

that solar-powered irrigation reduced air pollution and
greenhouse gas emissions, aligning with national goals for
sustainable development(FAO,2021&UNDP,2024).

Despite these benefits, several constraints persist. The most
significant was the high initial cost of installation (87.5%).
This cost burden discouraged small and tenant farmers. Theft
of panels (81.2%) and harsh weather conditions (68.7%) like
damage due to storms, dust accumulation, or vandalism etc.
About 62.5% complained about maintenance and cleaning
difficulties, as regular removal of dust and bird droppings was
essential for efficient performance. Technical knowledge gaps
(75%) were common, as many farmers lacked training on
system design, panel orientation, and inverter maintenance
(Hussain & Latif 2024).

The unavailability of local repair services (58.7%) further
restricted sustainability. Farmers in Nowshera Virkan and
Kamoke had to travel 30-40 km to Gujranwala city to obtain
maintenance support, resulting in delays during peak
irrigation periods. Additionally, 65% of farmers reported
difficulty obtaining bank loans, as financial institutions
required complex documentation or collateral beyond the
farmers® capacity. Low awareness (61.2%) and lack of
community-based demonstration projects also limited
diffusion, particularly among
smallholders(lgbal&Nadeem2023).

Tehsil-wise comparison revealed that Gujranwala city showed
the most positive adoption outcomes, with 80% of its adopters
planning to expand solar capacity for additional wells. In
contrast, in Nowshera Virkan, only 45% expressed similar
intentions, mainly due to limited institutional support and risk
perception. Farmers suggested that government incentives and
collective ownership models could help smallholders share
costs. Furthermore, several adopters (42%) indicated an
interest in hybrid systems combining solar with grid
electricity for night-time pumping, highlighting future
opportunities for technological integration

Reason No. of Percentage (%)
Farmers

Reduced irrigation cost 62 775

Reliable water 59 73.7

availability

Government 54 67.5

subsidy/support

Environmental 51 63.7

friendliness

Long-term savings 49 61.2

Ease of operation 47 58.7

Enhanced crop 45 56.2

productivity

Sustainable energy 44 55.0

source

Constraint No. of Percentage (%)
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Farmers
High initial cost 70 87.5
Risk of theft of panels 65 81.2
Lack of technical 60 75.0
knowledge
Harsh weather damageto 55 68.7
panels
Limited financing/credit 52 65.0
options
Maintenance and 50 62.5
cleaning problems
Low awareness/training 49 61.2
Lack of local repair 47 58.7
services
CONCLUSION

The findings of this study demonstrate that solar tube wells
have substantial potential to enhance irrigation sustainability
and reduce operational costs in Districts Gujranwala and
Wazirabad. However, adoption remains constrained by
financial, technical, and infrastructural barriers. Farmers
acknowledge solar systems as economically beneficial and
environmentally safe, but issues such as high upfront
investment, equipment theft, and inadequate repair facilities
limit wider adoption. Strengthening financial support
schemes, technical training, and local service networks can
significantly promote solar irrigation adoption in Punjab.
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