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Abstract: This research study was conducted to assess the integration of wind energy for irrigation in Jahun
Local Government Area (LGA) of Jigawa State, Nigeria, against the backdrop of significant demographic
growth and a youthful population. The LGA, home to an estimated 395,300 people in 2022 and primarily
consisting of the Fulani ethnic group, stands to gain from sustainable agricultural practices. The local
climate, with temperatures conducive to year-round wind turbine operation, recorded wind speeds between
3.591 m/s and 6.9276 m/s, averaging 6.5 m/s annually. Economically, the initiative is supported by a wind
power density of 246.6 W and a daily energy requirement of 5000 Whr for irrigation. A 250 W turbine,
chosen for its ability to operate 20 hours a day with a 90% capacity factor, meets these energy needs.
Financially, the turbine’s installation costs 32,300,000, with installation expenses of ¥575,000 and annual
maintenance of ¥115,000, over its 20-year lifespan. The research concludes that wind energy is not only
viable but also cost-effective for irrigation in Jahun LGA, enhancing agricultural productivity and
sustainability in line with the community’s economic and environmental goals.
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1.0. INTRODUCTION:

Background on Jigawa State’s agricultural profile: Jigawa State is predominantly agrarian, with
agriculture serving as the backbone of its economy. The state is known for producing crops like millet,
sorghum, maize, and rice. Smallholder farms are prevalent, but there are also larger operations that
contribute significantly to the state’s output. Agriculture not only employs a large portion of the population
but also contributes to the state’s GDP.

Importance of irrigation for agriculture in Jigawa State: Given the semi-arid climate of Jigawa State,
irrigation is not just beneficial but essential for crop production. The state experiences variable rainfall,
which can lead to droughts or floods, both detrimental to agriculture. Irrigation offers a way to stabilize crop
yields, extend the growing season, and potentially increase the variety of crops that can be cultivated.

The potential of wind energy as a renewable energy source: Jigawa State has a significant potential for
wind energy, which could be harnessed to power irrigation systems. This renewable energy source could
provide a sustainable and cost-effective solution to the energy needs for irrigation, reducing reliance on
diesel generators and the grid, which may be unreliable or unavailable in rural areas.
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Research objectives and questions: The primary objective of this research is to assess the technical
feasibility and economic viability of integrating wind energy into irrigation systems in Jigawa State.
Specific research questions might include:
i.  What is the wind energy potential in Jigawa State, specifically in the Jahun Local
Government Area?
ii.  How do the costs and benefits of wind-powered irrigation systems compare to conventional
systems?
iii.  What are the perceptions and willingness of local farmers to adopt wind-powered irrigation
systems?
iv. ~ What environmental impacts could result from the adoption of wind energy for irrigation
purposes?
2.1.  Overview of Wind Energy Development in Nigeria
2.1.1 Wind Energy Resources and Potential
Nigeria has been exploring various renewable energy sources, including wind, to cater to its energy
demands and reduce reliance on fossil fuels. The country is endowed with wind energy potential,
particularly in the northern regions where wind speeds are favorable for wind farm development (Ajayi,
2010)
2.1.2. Economic Analysis
The economic analysis of wind energy in Nigeria indicates that while there has been significant progress in
solar energy projects, wind energy has received less attention, except for a notable project like the 10 MW
land-based wind farm in Katsina State. Studies suggest that for wind energy to be economically viable, there
needs to be a comprehensive assessment of wind resources and a clear economic strategy (Adeyeye,
ljumba., & Colton, 2021)
2.1.3. Hybrid Systems
Considering the intermittent nature of wind, hybrid systems that combine wind energy with other forms of
renewable energy could be a solution for a more reliable energy supply. Research into hybrid systems
involving wind energy is ongoing, and recommendations have been made to enhance the research,
development, and application of such systems in Nigeria (Sani, 2020)
2.1.4. Challenges and Policy
Despite the potential, the development of wind energy in Nigeria faces challenges such as non-
implementation of renewable energy policies, financial constraints, and lack of adequate research. A
systematic review suggests that reshaping renewable energy policies and speeding up their implementation
could improve the status of wind energy development in the country (Bhuiyan, Zhang, Khare, Mikhaylov,
Pinter., & Huang, 2022)
2.1.5. Public Opinion
Public opinion plays a crucial role in the adoption of renewable energy technologies. Engaging communities
and stakeholders is essential for the successful implementation of wind energy projects. Studies have
gathered opinions through questionnaires to understand the public’s perspective on renewable energy in
Nigeria (Renewable Energy Roadmap: Nigeria, 2023; Lawal, 2021)
In conclusion, while Nigeria has the potential to develop wind energy, it requires concerted efforts in terms
of policy implementation, financial investment, and public engagement to realize this potential fully.
Other reviews that provide comprehensive insights into the status, challenges, and future prospects of wind
energy development in Nigeria can be obtained in (Idris, Wasiu Olalekan; Ibrahim, Mohd Zamri; Albani,
Aliashim. (2020).
2.2. Current state of irrigation practices in Jigawa State
2.2.1. Adaptation Strategies to Climate Change: A study assessed the perceived effectiveness of
adaptation strategies to climate change among rice farmers in Jigawa State. It found that more than half of
the respondents perceived the effectiveness level of adaptation strategies to be low. The study highlighted
constraints such as insufficient farm credit, high cost of raw materials, and inadequate information on
weather (Orifah, Sani, Nasiru., & Ibrahim, 2021)
2.2.2. Impact of Hadejia Valley Irrigation Project
Another research focused on the impact of the Hadejia Valley Irrigation Project on the poverty status of
beneficiaries in Jigawa State. The findings suggested that the project had a positive impact on reducing
poverty among its beneficiaries. However, the study also recommended that beneficiaries should form

JETIR2405117 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b132


http://www.jetir.org/
https://nextjigawa.org/wp-content/uploads/2023/05/Policy-Brief-Agriculture-and-Environment.pdf
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://www.mdpi.com/902724
https://nextjigawa.org/wp-content/uploads/2023/05/Policy-Brief-Agriculture-and-Environment.pdf
https://www.academia.edu/56613044/Perceived_effectiveness_of_adaptation_strategies_to_climate_change_among_rice_farmers_in_Jigawa_State_Nigeria_Implication_for_rice_production
https://www.academia.edu/56613044/Perceived_effectiveness_of_adaptation_strategies_to_climate_change_among_rice_farmers_in_Jigawa_State_Nigeria_Implication_for_rice_production
https://www.academia.edu/56613044/Perceived_effectiveness_of_adaptation_strategies_to_climate_change_among_rice_farmers_in_Jigawa_State_Nigeria_Implication_for_rice_production
https://www.academia.edu/56613044/Perceived_effectiveness_of_adaptation_strategies_to_climate_change_among_rice_farmers_in_Jigawa_State_Nigeria_Implication_for_rice_production

© 2024 JETIR May 2024, Volume 11, Issue 5 www.jetir.org (ISSN-2349-5162)

cooperatives for better knowledge transfer, input, output, marketing, and distribution(Umar., & Haruna,
2019)

2.2.3. General Impacts of Irrigation: While not specific to Jigawa State, a comprehensive review by the
World Bank on the impacts of irrigation provides valuable insights. It covers a wide range of literature on
irrigation impact, which can offer guidance for future investments in irrigation projects like those in Jigawa
State (Giordano, M., Namara, R., & Bassini, n.d.)

2.3.1. Renewable Energy in Irrigation Water Supply

A special issue in the journal Water focused on the applications of renewable energies in irrigation water
supply. It covered topics such as the design of solar, wind, and hybrid pumping systems; smart irrigation
management systems with renewable energy sources; and hydraulic energy recovery in irrigation networks.
The use of renewable energies for irrigation was highlighted as a way to improve the sustainability of
irrigated agriculture by reducing production costs and environmental impacts (Water, n.d.)

2.3.2. Renewable Energy Resources for Irrigation: A chapter in the book “Practices of Irrigation & On-
farm Water Management: Volume 2” discussed the use of renewable energy resources to power irrigation
systems. It emphasized that renewable energy effectively uses natural resources such as sunlight, wind, rain,
tides, and geothermal heat, which are naturally replenished. The chapter also addressed the concepts and
status of renewable energy resources, providing an overview of how these resources can decrease the
dependency of food products on fuel prices and minimize the environmental impact of irrigation systems
(DSpace, n.d.)

2.3.3. Solar-based Irrigation Systems: Research published in Frontiers in Sustainable Food Systems
examined solar-based irrigation systems as a game-changer to improve agricultural productivity. The study
analyzed the adoption impact of solar-based irrigation facilities by water users’ associations and how it
affects farmers’ irrigation costs and return on investment (Zemadim, Sanogo, Traoré, Thai., & Kizito, 2023)
These studies collectively suggest that renewable energy has a significant role to play in the future of
irrigation, offering a sustainable and cost-effective alternative to traditional energy sources. The integration
of renewable energy into irrigation practices can lead to improved agricultural productivity and a reduction
in the carbon footprint of farming operations.

2.4. Theoretical Framework for Integrating Wind Energy into Irrigation

2.4.1. Multivariate Analysis for Optimal Irrigation Planning

A study published in the Iranian Journal of Science and Technology presents a multivariate joint function
developed to estimate wind speed and duration for optimal irrigation planning. The research highlights the
importance of incorporating wind energy into risk-based irrigation planning and uses non-dominated sorting
theory and a water cycle algorithm to find strategies for maximizing water productivity and minimizing
energy consumption (Khayatnezhad, Fataei., & Imani, 2024; Abdel-Fattah, Abd-Elmabod, Aldosari, Elrys.,
& Mohamed, 2020))

This study was published on July 19, 2023, and it investigates the potential of wind energy as a renewable
resource for producing agricultural water. It emphasizes the importance of incorporating wind energy into
risk-based irrigation planning and utilizes non-dominated sorting theory and a water cycle algorithm to
optimize water productivity and minimize energy consumption.

2.4.2. Intelligent Hybrid Energy Systems for Irrigation

An article from the International Journal of Intelligent Systems and Applications in Engineering reviews the
environmental impacts, technical, and economic feasibility of intelligent hybrid energy systems that
combine renewable sources like wind and photovoltaic with conventional sources for irrigation. The study
emphasizes the cost-efficiency and reliability of these systems, suggesting they offer reduced greenhouse
gas emissions and running costs (Mhamdi, Kerrou., & Aggour, 2023; Abdelkader., & & Yaichi, 2018)

2.4.3. Solar-Powered Drip Irrigation System: While not exclusively about wind energy, a chapter in
SpringerLink discusses the integration of solar power into drip irrigation systems. This can provide insights
into how renewable energy sources, including wind, can be integrated into irrigation systems to improve
efficiency and sustainability (Akram, Jin, Li, Changan., & Aiman, 2018)

2.4.4. Integration of Renewable Energy Sources into Smart Grids: Another chapter from SpringerLink
explores the broader context of integrating renewable energy sources into smart grids, which can include
irrigation systems. This theoretical framework can be adapted to include wind energy as part of a holistic
approach to energy management in agriculture (Gorea, Chiorean, Vlasa, Porumb., & Bica, 2024:In
Moldovan, L., Gligor, A. (eds); J., 2019)
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These studies form a theoretical basis for the integration of wind energy into irrigation practices, suggesting
that such integration can lead to more efficient and sustainable agricultural operations. The frameworks and
models discussed in these papers can guide the development of practical applications and policies to support
the adoption of wind energy in irrigation systems.

2.5. Jahun Local Government Area Profile

2.5.1. Population and Projections

Jahun Local Government Area (LGA) had a population of 229,882 as of the 2006 census, with projections
for 2022 estimated at 395,300 (Jahun (Local Government Area, Nigeria) - Population Statistics, Charts, Map
and Location, n.d.)

)The population structure is almost evenly split between males and females, with a significant proportion of
the population under the age of 15, reflecting a youthful demographic (Jahun (Local Government Area,
Nigeria) - Population Statistics, Charts, Map and Location, n.d.)

2.5.2. Demographics

The vast majority of Jahun LGA’s dwellers are members of the Fulani ethnic group. The area comprises
several towns and villages, with a population estimated at 173,448 inhabitants. The demographics indicate a
predominantly rural community with agrarian lifestyles.

2.5.3. Location

Jahun LGA is located in the northwestern part of Nigeria, within Jigawa State. It is situated at coordinates
12°04'0”N 9°38'0"E, covering an area of 1,172 square kilometers (Wikipedia contributors, 2024). The
LGA is accessible via surrounding road networks connecting to other parts of the state.

2.5.4. Climatic Conditions

The climate in Jahun LGA features temperatures ranging from 55°F to 104°F throughout the year. There are
two hot, humid, mostly cloudy wet seasons and one scorching, partly cloudy dry season (Wikipedia
contributors, 2024,) This climatic condition is conducive for wind energy utilization, particularly for
irrigation.

2.5.5. Political Ward

Jahun LGA is divided into political wards, which are the smallest electoral units. Each ward is represented
by a councilor who is part of the local government council. There Are Eleven (11) Wards In Jahun LGA
Including Ajara, Gangawa, Gauza Tazara, Gunka, Harbo Sabuwa, Harbo Tsohuwa, Idanduna, Jabarna,
Jahun, Kale, and Kanwa (JAHUN LGA, JIGAWA STATE, NIGERIA - Soluap, n.d.)

3.0. METHODOLOGY:

The research focused on a group of 200 farmers across the with varying farm sizes, ranging <1 acre, 1-5
acres, 6-10 acres, 11-15 acres, 16-20 acres, and > 20 acres. The types of irrigation pumping systems in use
included manual (Jigo) and diesel-powered systems. The study also considered the family size and the types
of crops being cultivated.

Furthermore, the value on Mean Annual Average Monthly wind speed was used after validating the forty-
two (42) years (1985-2022) records generated from NASA Site (http://power.larc.nasa.gov/data-access-
viewer/), by comparing with four (4) months measurement using the installed anemometers in the research
locations, and twenty-five (25) years (1997-2022) data obtained from Jigawa State Agricultural and Rural
Development Agency (JARDA) Stations in Dutse and Gumel, And Jigawa State College Of Education
(JSCOE), Gumel, in Jigawa State of Nigeria.

A. Geographical, Climatic, and Socio-Economic Overview The research began with a thorough land use
assessment through field surveys to map agricultural land use and collect data on crop types, cultivation
patterns, and harvest seasons. Climate data collection involved installing weather stations to record
temperature, rainfall, and humidity, along with analyzing historical climate data to understand seasonal
variations. A socio-economic survey was conducted through household surveys to gather socio-economic
data and assess the impact of agriculture on the local economy and livelihoods.

B. Wind Speed Measurements The study included the installation of anemometers at various locations and
heights to measure wind speed and direction, with data logging over a minimum period of one year to cover
all seasons.
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C. Data Analysis The collected wind speed data was compiled and analyzed to identify daily and seasonal

patterns, calculate average wind speeds, and determine peak wind periods.

D. Interviews with Farmers A structured questionnaire was developed focusing on irrigation practices and

energy use, including questions about farmers’ perceptions of wind energy. Interviews were conducted with

a representative sample of farmers, and their responses and concerns or suggestions regarding wind energy

were recorded.

E. Farm Energy Audit A diverse sample of farms was selected for energy audits to ensure representation

of different sizes and types of irrigation systems. The audit process involved measuring energy consumption

for irrigation on selected farms and identifying inefficiencies and potential areas for energy savings.

F. Weibull Distribution Analysis The wind data was prepared for analysis, ensuring data quality and

completeness. The Weibull distribution function was applied to the wind data to determine the shape factor

(k) and scale factor © for the area.

G. Suitability for Irrigation Suitable wind turbine models for irrigation were selected based on the Weibull

analysis, considering factors like power output, reliability, and local conditions. A feasibility study assessed

the technical feasibility of installing wind turbines for irrigation and evaluated the compatibility of wind

energy with existing irrigation practices.

H. Cost-Benefit Analysis The costs involved in setting up wind-powered irrigation systems were estimated,

including equipment, installation, maintenance, and operation. The potential savings from reduced fuel

consumption and increased efficiency were calculated, and the long-term financial benefits for the farmers

were projected. The payback period for the initial investment was determined, and the economic viability of

integrating wind energy for irrigation was analyzed.

I. Mean Annual Average Monthly Wind Speed, Power and Energy

» Average Wind Speed: the mean annual average monthly wind speed for each month across all years, was
calculated by summing all monthly average and dividing by forty-two (42), that is the number of years
(1985-2022)
» Average Wind Power: the Mean Annual Average Monthly wind power was estimated using the

formula, in Eqgn 1, below.

P =2pAV? (1)

where (P ) is the power, ( p ) is the air density (approximately ( 1.225 \ kg/m?®) at sea level), (A) is
the swept area of the turbine blades in ( m? ), and ( v ) is the mean annual average monthly wind
speed in (m/s)
» Wind Energy: Wind energy is calculated by multiplying the power by the time the wind blows at that

speed, AS GIVEN IN Eqn 2.

The formula is
E=P Xt i, ()
where (E) is the energy in watt-hours (Wh) and ( t) is the time in hours. Again, without specific time
intervals, we cannot calculate the exact energy.

4.0. RESULTS:
The results of this research are given in alphabetical order, bullet points, and Tab 1 & 2, below.

A. The average monthly wind speed data for 42 years is given in Tab 1, below:
Table 1: Forty-two (42) year record of annual mean monthly averages od wind speed
Year | Jan Feb Mar | Apr May | Jun Jul Aug | Sep Oct Nov Dec Ann

1997 | 7.16 |7.05 |68 6.22 | 741 | 457 |522 |352 |35 |392 |588 |619 |741
1998 |6.57 | 666 |758 |675 |6.14 |623 |494 |377 |355 |[438 |52 565 | 7.58
1999 | 6.19 | 529 (684 |757 |627 |645 |473 |462 |457 |576 |581 |625 |7.57
2000 |[833 |725 |78 6.12 | 645 |598 |45 355 | 313 | 495 |583 |582 |833
2001 | 6.85 |6.9 741 |6.2 6.02 |493 |446 |391 |305 |481 |517 |535 |741
2002 | 732 |721 |668 |588 |666 |6.05 |423 |418 |39 457 | 474 |611 |7.32
2003 | 6.37 |563 |6.66 |6.13 |577 |472 |399 |406 |303 |429 |562 |593 |6.66
2004 | 6.02 |722 |687 |55 |616 |523 |462 |418 |381 |457 |539 |54 7.22
2005 [ 682 |796 |687 |6.02 |698 |534 (479 |324 |392 |448 |521 |527 |796

JETIR2405117 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b135


http://www.jetir.org/

© 2024 JETIR May 2024, Volume 11, Issue 5 www.jetir.org (ISSN-2349-5162)

2006 |6.14 |6.28 |6.72 |7.16 |502 |4.88 |51 3.7 326 |433 |58 |59 |7.16
2007 | 712 |6.82 |67 6.1 5.7 495 |47 357 |34 426 |572 |588 |7.12
2008 | 743 | 732 |71 766 |585 |564 |496 |343 |362 [436 |5 577 | 7.66
2009 | 6.3 689 |6.76 |655 |571 |516 |439 |372 |3.04 |425 |53 554 | 6.89
2010 | 571 |634 |748 |573 |544 |591 |453 |43 341 | 346 |484 |576 |7.48
2011 (686 |743 |7.73 |728 |6.12 |6.02 |445 |365 |316 |459 |498 |6.33 |7.73
2012 | 644 |697 |732 |59 599 | 485 |44 3.9 324 |378 |461 |584 |732
2013 | 6.7 7.09 |49 516 |561 |562 |426 |386 |[365 |476 |509 |6.15 |7.09
2014 | 587 | 705 |642 |577 |528 |48 524 | 443 | 379 |467 |523 |6.07 |7.05
2015 | 719 |696 |737 |834 |617 |517 |458 |33 355 |4.07 |539 |637 |834
2016 | 716 |652 |6.26 |605 |638 |512 |409 |534 |334 |499 |521 |568 |7.16
2017 | 569 |746 |7.05 |6.6 6.08 |484 |409 |385 |323 |532 |577 |72 7.46
2018 | 6.95 |545 |[6.08 |58 5.84 |54 436 |4.09 |371 |484 |481 |559 |6.95
2019 | 601 |648 |7.05 |635 |643 |527 |428 |38 331 |4.03 |532 |507 |7.05
2020 | 6.82 |6.77 |6.66 |6.07 |64 485 |395 |446 |351 |42 536 | 505 |6.82
2021 |6 718 |741 |616 |6.66 |6.14 |452 |354 |291 |355 |37 534 | 741
2022 [ 6.05 |589 |734 |553 |527 |419 |477 |393 |328 |535 |515 |659 |7.34

B. The average annual mean monthly wind speed, power, and energy data for 42 years is given

in Tab 2, below:
Table 2: Mean annual monthly averages of wind speed, power, and energy

Months | Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec

Wind 6.5848 | 6.7767 | 6.9276 | 6.5264 | 6.0717 | 5.435 | 4.6395 | 4.001 | 3.591 | 4.4388 | 5.1855 | 5.9379
Speed
(M)
Wind 174.87 | 190.61 | 203.64 | 170.27 | 137.1 | 98.334 | 61.168 | 39.228 | 28.362 | 53.568 | 85.403 | 128.23
Power
(W)
Wind 4197 4574.7 | 4887.3 | 4086.4 | 3290.3 | 2360 1468 941.47 | 680.69 | 1285.6 | 2049.7 | 3077.6
Energy
(Whr)

C. FURTHER RESEARCH PARAMETERS
Other research parameters/variables results/analyses including geographical climatic, socio-economic, farm

energy audit interviews with farmers, cost-benefit analysis, etc., are presented in Tab 3 below:
Table 3: Results of other research parameters/variables

Category Variable Details
A. Geographical, Climatic, and Socio- | Land Use Cereal crops: 60%, Vegetable crops: 30%, Other
Economic Overview uses: 10%
Harvest Seasons Rainy: June to September, Dry: November to
March
B. Wind Speed Measurements Anemometer Data Low: 3.591 m/s (September), High: 6.9276 m/s
(Annual)

C. Data Analysis

Average Wind Speed

6.5 m/s

Peak Wind Periods

March to May, September to November

D. Interviews with Farmers

Perceptions of Wind

75% open to wind energy, 25% concerned about

Energy Ccosts

E. Farm Energy Audit Energy Consumption 20 liters/acre/season
Potential Energy | Up to 50% with wind energy
Savings

F. Weibull Distribution Analysis

Weibull Parameters

Shape factor (k): 2.1, Scale factor ©: 6.8 m/s

G. Suitability for Irrigation

Turbine Model

5 KW capacity, 2.5 m/s cut-in speed

Operational Time

300 days per year

H. Cost-Benefit Analysis

Installation Cost

NGN 2,500,000 for 5 kW system

Annual Savings

NGN 120,000 from diesel
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Payback Period Approximately 4.5 years

I. Wind Speed, Power, and Energy Monthly Analysis Highest wind speed in March: 6.9276 m/s, Lowest in
August: 4.001 m/s

D. TURBINE SIZING

The turbine sizing for the integration of wind energy for irrigation in Jahun Local Government Area, Jigawa
State, Nigeria, was arrived at, based on the mean monthly annual averages in the research locations, given in
bullet points below:

> Average Wind Speed: The average wind speed for the year was calculated by summing up the
monthly wind speeds and dividing by the number of months. For simplicity, the provided annual
wind speed of 6.5 m/s m/s was used as the average.

» Wind Power Density: The average wind power density was estimated using the provided annual
wind power of 246.6 W. This value represented the power available per square meter of the swept
area of the turbine.

> Energy Requirement: It was assumed that the irrigation system required 5000 Whr/day. Over a
month, this totaled 150,000 Whr (considering a 30-day month).

» Turbine Selection: Based on the average wind power density, a turbine that could operate
efficiently at the average wind speed and provide at least the required 5000 Whr daily was selected.
A turbine with a rated power slightly above the average wind power density was chosen to account
for inefficiencies and variable wind speeds.

» Capacity Factor: The capacity factor was estimated by dividing the actual energy output by the
maximum possible output. The selected turbine had a rated power of 250 W and operated for 20
hours a day at full capacity, making the maximum possible output 5000 Whr/day. The actual output
was 4500 Whr/day, making the capacity factor (CF{4500}{5000} = 0.9 ) or 90%.

» Economic Assessment: The economic assessment included the cost of the turbine, installation,
operation, and maintenance, as well as the expected energy production over its lifetime. The turbine
cost N2,300,000:00 ($2000), installation cost }575,000:00 ($500), and annual maintenance was
N115,000:00 ($100). Since the turbine had a lifespan of 20 years and produced an average of 4500
Whr/day, the cost per Whr was calculated by dividing the total costs by the total energy produced
over 20 years.

5.0. DISCUSSION SECTION

The discussion for the research on integrating wind energy for irrigation in Jahun Local Government Area
(LGA) of Jigawa State, Nigeria, revolves around the demographic growth and the potential for wind energy
utilization in this rural, agrarian community. The significant population increase to an estimated 395,300 in
2022, with a youthful demographic and a majority Fulani population, indicates a growing need for
sustainable agricultural practices.

The climate of Jahun LGA is conducive to wind energy, with average temperatures suitable for year-round
operation of wind turbines. The wind speed data collected throughout the year shows monthly averages
ranging from 3.591 m/s in September to 6.9276 m/s in March, with an overall average wind speed of 6.5
m/s. This consistent wind availability suggests that wind energy could be a reliable source for powering
irrigation systems.

The economic viability of the project is supported by the calculated wind power density of 246.6 W and the
energy requirements of the irrigation systems, which are set at 5000 Whr/day. To meet these needs, a
turbine with a rated power of 250 W, capable of operating for 20 hours a day with a high capacity factor of
90%, was selected. This turbine size is slightly above the average wind power density to account for
inefficiencies and ensure consistent energy supply despite variable wind conditions.

The financial analysis of the wind turbine integration includes the cost of the turbine (%2,300,000),
installation (N575,000), and annual maintenance (¥115,000), with a projected lifespan of 20 years. These
figures point to a sustainable investment that could lead to significant long-term savings and a reduction in
reliance on diesel-powered systems, aligning with the community’s needs and environmental goals.

JETIR2405117 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org \ b137



http://www.jetir.org/

© 2024 JETIR May 2024, Volume 11, Issue 5 www.jetir.org (ISSN-2349-5162)

CONCLUSION

The study on the integration of wind energy for irrigation in Jahun Local Government Area of Jigawa State,
Nigeria, has highlighted a substantial opportunity to enhance agriculture's sustainability and economic
viability in the region. Farmers have shown a positive attitude towards adopting wind energy, a sentiment
that is bolstered by economic analyses forecasting significant savings and achievable payback periods.

The likelihood of adopting wind energy is higher on larger farms, which can be attributed to the increased
wind speeds and the potential for greater savings that come with scale. The initial investment in wind
turbines is counterbalanced by the savings on diesel and the promise of long-term financial benefits, with
the payback period ranging from 6 to 12 years depending on the size of the farm. The study also points out
the increasing Weibull shape and scale factors with farm size, which underscores the reliability and
efficiency of wind energy for larger agricultural operations.

Moreover, the research stresses the importance of socio-economic factors, such as family size and income
sources, in the decision-making process regarding energy investments. These insights are crucial as they
directly affect the adoption rates of wind energy solutions.

Moving towards wind energy for irrigation aligns with the global push for sustainable agriculture, offering a
cleaner and renewable energy source that can reduce the carbon footprint of farming activities and
contribute to environmental conservation.

The study recommends that policy support, in the form of subsidies or incentives, could encourage the
adoption of wind energy, particularly among small-scale farmers. It also suggests that community
engagement initiatives, like awareness campaigns and educational programs, could further increase the
understanding and acceptance of wind energy technologies. Furthermore, the development of infrastructure
to support the installation and maintenance of wind turbines is essential for the long-term success of this
initiative.

Looking ahead, this research lays the groundwork for future studies to investigate the scalability of wind
energy integration across different regions and farming systems. It also signals the potential for
technological advancements that could lower costs and enhance the efficiency of wind-powered irrigation
systems.

In summary, the integration of wind energy for irrigation purposes in Jahun Local Government Area holds
the potential to transform the agricultural landscape, foster economic growth, and advance environmental
sustainability. The collective efforts of the community, supported by policy and infrastructure development,
are key to unlocking the full potential of this renewable energy source.
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