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Abstract

Background: Solar energy, a pivotal renewable energy source, has demonstrated considerable
potential in revolutionizing various sectors, including agriculture. Solar photovoltaic (PV) systems
harness solar radiation to generate electricity, which can be employed for numerous applications,
one of the most significant being irrigation. Solar irrigation, utilizing solar PV systems, presents an
innovative solution that offers multiple advantages over traditional diesel pumps. This report
investigates the feasibility, efficiency, and benefits of implementing solar irrigation technologies in
Nepal. The study emphasizes enhancing equitable access to green agriculture through solar
irrigation, with a detailed exploration of its technical, financial, and environmental aspects.

Introduction: Nepal's agriculture sector, employing 64.1% of the population and contributing
25.8% to the GDP, is highly susceptible to climate change due to its reliance on small-scale, rain-
fed farming (CBS,2020/21). The direct economic cost of climate vulnerability in the agriculture
sector in 2020 was equivalent to 1.5% to 2% of the country’s GDP (MoSTE, 2014). Traditional
diesel pumps, widely used for irrigation, contribute to greenhouse gas emissions and entail high
operational costs. Solar irrigation systems, powered by solar PV panels, provide a sustainable
alternative that reduces the carbon footprint and operational expenses while ensuring a reliable
water supply for irrigation. The adoption of solar PV technology can transform the agricultural
landscape, promoting sustainability and resilience in the face of climate variability.

Objectives: The primary objectives of this study are to:

1. Evaluate the alignment of the proposed solar irrigation project with national visions and
strategies.

Identify climate vulnerabilities and impacts that the solar irrigation project aims to address.
Conduct a provincial comparative analysis on access to irrigation.

Identify potential project sites in Gandaki and Lumbini Provinces.

Develop a comprehensive financial model and analysis for solar irrigation systems.

Assess environmental impacts and perform a water balance study.

Analyze the agricultural value chain and propose interventions for commercialization.
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Methodology: The study was conducted using a systematic approach, including:

1. Sample Design and Data Collection: A sample of 100 units from Gandaki and Lumbini
Provinces was selected, covering various land sizes and agricultural practices. Data was
collected through questionnaires and interviews with farmers.

2. Financial Assessment: Cost estimation and financial modeling were conducted to
determine the Net Present Value (NPV) and Internal Rate of Return (IRR) of solar irrigation
systems compared to diesel pumps.

3. Environmental Impact Assessment: A water balance study was performed to assess the
sustainability of water resources and crop water requirements.
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4. Market Study: A market survey was conducted to evaluate the capacity of the domestic
market to supply solar irrigation systems and the financial impact on consumers.

Financial Analysis and Results

The financial analysis compared the costs and benefits of various pump systems, including solar
and diesel pumps. Key financial metrics such as NPV and IRR were calculated to determine the
viability of solar irrigation. The analysis revealed the following:

1. Initial Costs: The capital cost for solar irrigation systems ranged from NPR 300,000 to
NPR 500,000, depending on the capacity and manufacturer. Governmental subsidies and
financing options can reduce the initial financial burden on farmers.

2. Operating Costs: Annual operating costs for solar systems were significantly lower than
for diesel pumps, with solar systems costing approximately NPR 5,000 per year compared
to NPR 20,000 for diesel pumps. The reduction in fuel costs is a major financial benefit for
farmers adopting solar technology.

3. NPV and IRR: The NPV for solar systems was positive, ranging from NPR 200,000 to NPR
400,000 over a 10-year period, with an IRR of 15-20%, indicating strong financial viability.
The favorable financial metrics highlight the long-term economic benefits of investing in
solar irrigation.

4. Payback Period: The payback period for solar systems was estimated to be 5-7 years,
shorter than the lifespan of the equipment, ensuring long-term profitability. The payback
period is an important consideration for farmers assessing the financial risk and return on
investment.

5. Lifespan and Durability: Solar irrigation systems have a lifespan of 20 years, compared to
5-7 years for diesel pumps. The longer lifespan of solar systems reduces the need for
frequent replacements and additional investments, further enhancing their cost-
effectiveness.

Table: Financial and Environmental Comparison between Solar and Diesel Irrigation

Parameter Solar Pump (Average) Diesel Pump
(Average)

Initial Cost (NPR) 400,000 150,000

Annual Operating Cost (NPR) 5,000 20,000

Net Present Value (NPV) (NPR) 300,000 100,000

Internal Rate of Return (IRR) 18% 10%

Payback Period (Years) 6 3

Lifespan (Years) 20 5-7

Carbon Emissions (kg CO2/year) 0 1,500

Conclusion: The study concludes that solar irrigation systems offer significant advantages over
diesel pumps in terms of cost efficiency, environmental impact, and agricultural productivity. The
adoption of solar PV technology for irrigation aligns with Nepal's national strategies for climate
resilience and sustainable development. Financial models indicate that solar irrigation is
economically viable, with positive NPV and IRR values. Additionally, the environmental benefits
and increased crop yields further support the case for widespread adoption of solar irrigation
systems.
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Recommendations

1. Policy Support: Strengthen policies to facilitate the adoption of solar irrigation systems,
including subsidies and financial incentives. Policy interventions can play a crucial role in
reducing the initial cost burden on farmers and promoting large-scale adoption of solar
irrigation technologies.

2. Capacity Building: Provide technical training and support to farmers to ensure effective
use and maintenance of solar irrigation systems. Training programs should focus on the
operation, maintenance, and troubleshooting of solar PV systems to enhance their
longevity and performance.

3. Market Development: Enhance the capacity of the domestic market to supply and
maintain solar irrigation systems. Developing a robust supply chain for solar PV
components and ensuring the availability of skilled technicians are essential for the
sustainability of solar irrigation projects.

4. Further Research: Conduct ongoing research to optimize the performance of solar
irrigation systems and assess long-term impacts on water resources and agricultural
productivity. Research initiatives should explore advanced technologies, such as
automated irrigation systems and smart water management solutions, to maximize the
benefits of solar irrigation.

By leveraging solar PV technology for irrigation, Nepal can enhance its agricultural sector's
resilience to climate change, reduce greenhouse gas emissions, and improve food security for
climate-vulnerable communities. The widespread adoption of solar irrigation systems can
contribute to sustainable agricultural practices, economic growth, and environmental conservation,
making it a viable solution for achieving equitable access to green agriculture.
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