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Abstract
Agricultural production in most parts of the semi arid Katsina is supplemented by other sources of water
supply especially during the dry seasons. Since the construction of Jibia dam in 1991, only about 170
hectares out of 3,500 hectares have been under irrigation due to inadequate supply of diesel to power the
engine for adequate water supply to the farms. This situation has worsened leaving large areas of land
uncultivated while the dam stores large volume of water. In this paper therefore, the potential of renewable
sources of energy in hybrid form (wind, solar thermal, small hydro, and agricultural waste fuel) is explored
and harnessed to generate power that could subsequently be used to adequately supply water to the vast
uncultivated agricultural lands around Jibia irrigation project in Katsina state.
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1.0 Introduction

The development of water resources in Nigeria holds
immense potential for development and growth of
the agricultural sector and overall economic growth.
With water, a major input in the agricultural
production process, its availability is vital for the
success of the farmers in their production effort and
achieving increased food supply. Crop production
requires availability of water at the right time in the
right quantity and quality. For good agricultural
output, water is a necessity, as the crops require
water for vegetative production in carrying dissolved
nutrients from the soil into their body tissues for use
(FAO, 2003). While agriculture can be carried out
independently (with rain) without any supplementary
irrigation activities in the southern region, the northern
region of the country requires irrigation either partially
(supplementary),or on a full-scale basis for crop
production activities and increased productivity
(Arnborg,1988). With irrigation permitting double
cropping and ensuring sufficient water for the wet
season and dry season cropping with good potential
for increased yields of plantation crops, irrigated
agriculture can make a large contribution to food
security (Aquasat, 2005). In the past, and even now,
agricultural activities in Jibia irrigation site depend
on power supply from diesel generators and
electricity from the national grid to supply water to

the farm lands. This has slowed down the pace of
irrigation development in the area despite the vast
hectares of land available and abundant water in the
dam. It is believed that harnessing renewable energy
to provide power that would be used in pumping
water for the vast irrigable lands, could go a long
way in increasing productivity, achieving food
security and increasing revenue for the farmers and
as well as ensuring the development of agricultural
sector for economic growth of not only Katsina State,
but the country at large.

Like all energy, renewable energy production and
consumption are closely linked with the goals of
sustainable human development: eradicating poverty,
increasing women’s role in development, providing
people with income-earning opportunities and
livelihoods, and protecting and regenerating the
environment (UNDP, 1997). Renewable energy is
energy obtained from resources that are essentially
inexhaustible, including the wind, sun, living organisms
or their by-products (biomass), the earth’s own
internal heat (geothermal), and the movement of
water (hydro, wave, and tidal). Renewable resources
can be used to generate thermal energy and/or
electricity. While there is a common notion that
renewable energy always costs more than energy
from conventional sources, it is recognized that under
the right conditions, this is not necessarily the case.

Advances in Science and Technology Vol. 5, No. 1S, August 2011, pp83 - 88



An increasing number of businesses, institutions,
organizations, and home owners are switching to
renewable resources in order to reduce their energy
costs. Also, if applied using current strategies,
renewables will generate other benefits that include:
  i.  increasing the flexibility of power systems as
electricity demand changes,
  ii.  reducing pollution and emissions from conven-
tional energy systems, and
  iii.  reducing dependency and minimizing expendi-
ture on imported fuels (www.nj.gov/dep/opsc/pdf.,
2009).

Since Nigeria is  endowed with abundant solar, wind,
hydro, and biomass resources, like many tropical
countries, the location of Jibia irrigation project at
the northern most semi-arid region gives it an ample
opportunity to tap the resources of the sun, wind
and abundant agricultural waste to generate power
that could subsequently be used to supply or pump
water to the vast uncultivated arable irrigational lands
covering about 3,500 hectares of land. This is
important because of the virtual absence of reliable
electricity supply in the area in particular and Nigeria
in general.

2.0 Renewable Energy Technologies

Conventional energy sources based on oil, coal, and
natural gas have proven to be highly effective drivers
of economic progress, but at the same time, they
are highly damaging to the environment and human
health. These traditional energy sources are facing
increasing pressure on a host of environmental fronts,
with perhaps the most serious being the looming
threat of climate change and a needed reduction in
greenhouse gas (GHG) emissions. It is now clear
that efforts to maintain atmospheric CO

2

concentrations below even double the pre-industrial
level cannot be accomplished in an oil- and coal-
dominated global economy. Theoretically, renewable
energy sources can meet many times the world’s
energy demand. More importants, renewable energy
technologies can now be considered major
components of local and regional energy systems
(Antonia, 2001). As an alternative to centralized
power plants, renewable energy systems are ideally
suited to provide a decentralized power supply that
could help to lower capital infrastructure costs.
Renewable systems based on photovoltaic arrays,

windmills, biomass, or small hydropower can serve
as mass-produced “energy appliances” that can be
manufactured at low cost and tailored to meet
specific energy loads and service conditions.

These systems have less of an impact on the
environment, and the impact they do have is more
widely dispersed than that of centralized power
plants, which in some cases contribute significantly
to ambient air pollution and acid rain. There has been
significant progress in cost reductions made by
renewable technologies (U.S. Department of Energy
DOE, 1997). In general, renewable energy systems
are characterized by low or no fuel costs, although
operation and maintenance costs can be consider-
able. Systems such as photovoltaics contain far fewer
mechanically active parts than comparable fossil fuel
combustion systems, and are therefore likely to be
less costly to maintain in the long term. Costs of solar
and wind power systems have dropped substantially
in the past 30 years and continue to decline. For
decades, the prices of oil and natural gas have been,
as one research group noted, “predictably
unpredictable” (Bard and Marianne, 2001). Recent
analyses have shown that generating capacity from
wind and solar energy can be added at low
incremental costs relative to additions of fossil fuel-
based generation. Geothermal and wind can be
competitive with modern combined-cycle power
plants—and geothermal, wind, and biomass all have
lower total costs than advanced coalfired plants,
once approximate environmental costs are included
(U.S. Department of Energy, 2000). Environmental
costs are based, conservatively, on the direct damage
to the terrestrial and river systems from mining and
pollutant emissions, as well as the impacts on crop
yields and urban areas. The costs would be
considerably higher if the damage caused by global
warming were to be estimated and included.

3.0 Renewable Energy Sources For Power
Generation In Jibia Irrigation Project

Energy is an essential factor in development since it
stimulates, and supports economic growth and
development. Fossil fuels, especially oil and natural
gas, are finite in extent, and should be regarded as
depleting assets, and efforts should be oriented to
search for new sources of energy. Nigeria is
endowed with abundant solar, wind, hydro, and
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agricultural waste resources. Like many tropical
countries, Northern Nigeria in which Katsina State
belongs has ample solar, wind and agricultural waste
resources that can be efficiently exploited in a manner
that is both profitable and sustainable. There are now
a number of energy sources, conversion technologies,
and applications that make renewable energy options
either equal or better in price and services provided
than the prevailing fossil-fuel technologies. For
example, in a growing number of settings in
industrialized nations, wind energy is now the least
expensive option among all energy technologies-with
the added benefit of being modular and quick to
install and bring on-line. In fact, some farmers,
notably in the U.S. Midwest, have found that they
can generate more income per hectare from the
electricity generated by a wind turbine than from their
crop or ranching proceeds (Mazza, 2001). For the
purpose of this paper, the renewable energy sources
that will be considered are: small hydro, wind, solar
thermal and agricultural waste.

3.1 Small Hydro Power
Although definitions vary U.S DOE (2004) defines
small hydropower as facilities that have a capacity
of 100 kilowatts to 30 MW. Research has also
identified a significant demand for propeller turbines
capable of producing between 5kW and 25kW of
electricity from heads of water between 2m and 8m.
There is no distinctive capacity classification of small
hydropower in Nigeria. However, in some parts of
the country like Plateau State where there are quite
a number of small hydropower stations that are off
grid, the range between 3-40MW. And until recently
the Federal Ministry has approved the consultancy
services for two Small Hydropower Stations in
Dadin Kowa (34MW) and Oyan Dam (9MW). As
the most important of the clean, renewable energy
options, hydropower is often help to subsidize other
vital functions of a project. Typically, construction
of a dam and its associated reservoir results in a
number of benefits associated with human well-being,
such as secure water supply, irrigation for food
production and flood control, and societal benefits
such as increased recreational opportunities,
improved navigation, the development of fisheries,
cottage industries, etc. This is not the case for any
other source of energy.

3.2 Wind Energy
A number of opportunities to use alternative,
renewable energy sources in agricultural production
and on farm processing are well noted. Wind power
has historically been widely utilized for water
pumping and is still found to be a practical energy
source for this purpose in many locations
(www.otpco.com, 2009). Harnessing wind as a
renewable energy source involves converting the
power within a moving air mass (wind) into rotating
shaft power which in turn generates electricity.
Modern wind turbines contain rotors fitted with
aerodynamic blades, which utilise lift forces caused
by the wind on the blades. Wind turbines capture
the wind in their blades (or rotor) and then convert
the wind energy to rotational or mechanical energy.
The rotor drives an attached shaft and a gearbox
and generator to produce electrical energy. Together,
the gearbox and generator are called the drive train.
Wind generated electricity (wind power) has the
potential to provide electricity to homes and
businesses without causing air pollution or depleting
nonrenewable resources, unlike electricity generated
by fossil fuels (coal, natural gas, and oil).
Furthermore, because wind power has no fuel costs-
wind power depends on the energy of the wind-its
operating costs are lower than the costs for power
produced from fossil fuels, (GAO, 2004). The
installation of wind turbines and its accessories in
Jibia irrigation site to provide power will boost
agricultural production which has long been awaited
by the local farmers in the area.

Seasonal and locational variations in the energy
received from the sun affect the strength and direction
of the wind. In Nigeria, the annual average wind
speed at 10m heights varies from about 2 m/s in the
coastal areas to about 4 m/s in the far north (ECN,
2005). It is possible to convert wind energy to rotary
mechanical energy and electrical energy for a variety
of uses. Water pumping remains one of the most
likely applications for wind power as there is the
potential to store the water and as the pumping
system can be driven directly by the wind machine.
When the wind power resource is not completely
reliable a hybrid system including another power
supply can be used. However, in this case the energy
cost savings alone must justify the investment in the
wind generation system.
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3.3 Solar Thermal
Solar radiation on the earth’s surface varies iin
iintensity with llocation, season,, day of the month,
time of day, instantaneous cloud cover and other
environmental factors (ECN, 2003)..According to
Bala et al (2000), Nigeria is endowed with an annual
average daily sunshine of 6.25 hours, ranging
between about 3.5 hours at the coastal areas and
9.0 hours at the far northern boundary. Similarly, it
has an annual average daily solar radiation of about
5.25 KW/m2/day, varying between about 3.5
KWm2/day at the coastal area and 7.0KW/m2/day
at the northern boundary.

Solar energy is renewable and its utilization is
environmentally friendly. Consequently, when the
availability and environmental costs of the utilization
of other forms of energy are considered, the
competitiveness of solar energy in comparison with
these other forms becomes very evident, particularly
for low to medium power applications. Solar
radiation conversion technologies are generally either
of the solar-thermal type (solar heating, cooling,
drying, thermal power plant, etc.) or of the
photovoltaic type (direct conversion to electricity).
Areas of application of solar thermal technologies
are crop drying, house heating, heating of process
water for industries, hospitals etc, air-conditioning,
preservation of foods and drugs, power generation,
etc. Photo-voltaic (PV) power may be utilized in
low to medium power applications and in remote
areas, in such uses as communication stations, rural
television and radio, water pumping, refrigeration etc,
which require power of the order of 1-10 kW. It
may also be used for power supply to remote villages
not connected to the national grid. It is also possible
to generate PV power for feeding into the national
grid.

From the calculation made by Energy Commission
of Nigeria, over a whole year, an average of
6,372,613 PJ/year (H”1,770 thousand TWh/year)
of solar energy falls on the entire land area of Nigeria.
This is about 120 thousand times the total annual
average electrical energy generated by the PHCN.
With a 10% conservative conversion efficiency, the
available solar energy resource is about 23 times
the Energy Commission of Nigeria’s (ECN)
projection of total final energy demand for Nigeria
in the year 2030, and just under 200 times of the

demand for the year 2010 for the High Growth
Scenario (ECN, 2003). For the Low-Growth
Scenario, the available resource is about 12 times
the year 2030 demand and just under 100 times the
year 2010 demand. This is an indication that this
valuable resource could be tapped and harnessed
to provide needed power not only for irrigation
purpose as evisaged, but can efficiently supply power
to the rural communities around the dam site.

3.4. Agricultural Waste
Agricultural residue includes all leaves, straw and
husks left in the field after harvest, hulls and shells
removed during processing of crop at the mills, as
well as animal dung. Agricultural waste supplies about
33% of total biofuel use, providing 39%, 29%, and
13% of biofuel use in Asia, Latin America, and Africa,
respectively and 41% and 51% of the biofuel use in
India and China respectively (Rosemarie and Jennifer,
2002). Agricultural wastes are potentially huge
source of energy-giving materials. They are all forms
of plant-derived materials that can be used for
energy. In Nigeria, large quantities of these wastes
are produced annually and are vastly under-utilized.
The practice is usually to burn these residues or leave
them to decompose. However, studies have shown
that these residues could be processed into liquid
fuels or combusted/gasified to produce electricity
and heat (Enweremadu et al., 2004). The use of
agricultural wastes as energy also has many unique
qualities that provide environmental benefits. It helps
to mitigate climate change, reduces acid rain, soil
erosion, water pollution and pressure on landfills. It
also provides wildlife habitat, and helps to maintain
forest health through better management.

4.0 Irrigation Agriculture Water And
Energy Demand

The availability of water for human consumption and
livestock watering and irrigation of farmland for food
production and cash crops cultivation is the most
important need of any community. With the
increasing need for water resource and irrigation
development in the country, there are also challenges
for increased water productivity for more efficient
and effective use of the resource. The availability of
water has been an important factor in economic and
social development throughout human history, as
freshwater is the most fundamental resource in
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sustaining life (Obeng-Asiedu, 2004). With
increasing population around the world and most
particularly in the sub-Saharan Africa, there is
increasing demand and competition for freshwater
for human consumption, industrial and agricultural
production, and generation of hydropower. With the
increasing problem of water scarcity and aridity of
the northern region of Nigeria, the available water
resources must be used in an efficient way to meet
the increasing demand of water users. Water is a
limiting factor to improving agricultural production
in this region, thus maximizing water productivity is
viewed as a good strategy for on-farm water
management and ensuring water security. Meeting
the water demand for food production to achieve
food security, rainfall and irrigation must encompass
the efficient use of the resource and increasing the
water productivity towards achieving a higher yield.

Water pumping is one of the simplest and most
appropriate uses of Solar PV technology as they
have demonstrated higher reliability and lower costs
than the alternative methods, particularly for small
villages (100 - 1000 inhabitants) and moderate
agricultural need. Solar PV water pumping systems
range in size and complexity and no single pumping
technique is suitable for the entire range of existing
applications. This ranges from  irrigation systems that
use Sun Trackers and electronic controls to increase
system efficiency and at the same time reducing the
number of solar modules, to stationary panels directly
connected to small pumps. The designer of a water
system needs to know the volume of water required
per day and how far the water is to be transported
and in the case of the Solar PV Powered System
the amount of energy available from the sun.

Generally, an estimate of 40/litres/person/day is
sufficient for rural populace while farm animals use
is estimated at between 5 litres (goat and sheep) to
40 - 50 litres (Dairy cattle, horses) per day.
Estimating water requirement for an irrigation
application has many factors to be taken into
consideration, e.g. crop type, temperature, humidity
wind speed, cloud cover, method of irrigation and
water table depth as well as seasons of the year.

5.0 Conclusion

Energy is considered as one of the most important

resources of any country. It is a well known fact that
the rate of industrial growth of any country is a
function of the amount of energy available in that
country and the extent to which this energy is utilized.
Nigeria is an energy resource rich country blessed
with fossil resources such as crude oil, natural gas,
coal, and renewable energy resources like solar, wind
and agricultural waste (biomass). In Nigeria, the
absence of a reliable power supply has been a major
problem facing all the sectors of the economy. The
utilization of renewable energy sources in Nigeria
should be seen as something inevitable. Besides the
obvious environmental benefits, renewable energy
is certain to play an increasingly important part in
the future due to the fact that they are inexhaustible,
secure and locally based. Solar power for example
will obviously never run out and cannot be held
ransom by a foreign power. The very diverse
sources, as well as the small size of the technologies
and the short time it takes to start up a project, all
make solar PV an increasingly attractive option; like
wise power generated from wind.

The full exploitation of the agricultural potential of
Jibia irrigation project and that of Nigeria in general
requires the exploitation of our vast renewable
energy sources to provide the needed power. With
water representing a major resource input for
agricultural production, and the recognition of the
need for irrigation development to permit double
cropping in the northern region and other parts of
the country towards ensuring sufficient water for
crops and increased productivity, renewable energy
sources must be harnessed to achieve this aim.
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