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Executive
summary

For decades, governments in developing countries
have focused on eradicating poverty and
promoting socio-economic development through
access to sustainable energy solutions (SES). This
is prevalent in sub-Saharan Africa (SSA), where
about 600 million people lack access to electricity
services and in Nigeria, where electrification rate
is pegged at 45%, leaving 100 million people,
mostly rural, poor agricultural communities
without access to electricity. For Nigeria, the
provision of SES is considered pivotal in filling
the energy access gap, transforming rural
agricultural communities while meeting the
sustainable development goals (1, 5, 7 and 8). The
deployment of SES in the agricultural sector is
expedient as the sector employs about 70% of the
population and can serve as a lever to increase
incomes and reduce poverty.

Yet, in its current state, the agricultural sector is
unable to foster development as technological
modernisation is low, and food production is not
at par with local demand — hence, Nigeria
spends about $22 billion annually importing food.
Also, due to a lack of proper agro-storage
facilities, Nigeria loses an estimated $8.9 billion
annually to post-harvest food losses. A major
chunk of those affected by these are small scale
rural farmers. Small scale farmers (especially
women) in Nigeria currently struggle with two
categories of challenges (i) irrigation, low crop
yield; post-harvest losses and (ii) the necessary
techno-social innovation to increase productivity
and promote market optimisation.

In fact, recent statistics suggest that rather than
taking advantage of SES, the uptake of SES
remains marginal among small farm holders in
Nigeria. It is crucial to conduct a needs
assessment to understand farmers upstream and
downstream technology needs and identify points
in farming value-chains where SES solutions can
increase farm productivity, revamp local value-
chains and improve food security in Nigeria. Such
insights can inform policies aimed at mitigating
production risks while addressing agri-ecosystem
needs and meeting increasing food demand. So
far, there has been no comprehensive needs
assessment of SES within Nigeria’s farming space.
Similarly, there is limited understanding and data
about farmers knowledge of SES, ownership and
usage patterns, willingness to pay and use SES or
barriers to the uptake of SES among small-scale
farmers in Nigeria captured through surveys and
stakeholder participatory approaches.

In an attempt to identify how SES for agriculture
can be promoted among small scale farmers in
Nigeria and identify supporting socio- economic
instruments that will accelerate farmers uptake of
SES, we conducted SES surveys among: (a) 205
farmers across four local governments in Ogun
state; (b) nation-wide survey for generalisability of
results. This was also complemented with focus
group discussions with key agricultural
stakeholders in Ogun state and a capacity-building
exercise on SES with farmers from Ogun state.
Below, we present key findings from surveys
conducted across the four local governments in
Ogun state.
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Key
Insights

• Late onset of rainfall, early 
cessation of annual rainfall and  
frequent flooding has increased 
farmers interest in learning more 
about solar powered irrigation 
system (SPIS) and their 
willingness to pay for irrigation.

• Yet, 84.4% of farmers found it 
difficult to access the SPIS 
market. This is because the SPIS 
supply chain in Nigeria is 
currently not well formed.

• Frugal technological products and 
business innovations to support low 
income earning farmers are currently 
absent. 87.8% of farmers lacked access 
to crop insurance. 

• Yet, there was an appetite for climate 
smart insurance products from farmers 
as 97.1% of those surveyed were 
willing to pay for climate smart crop 
insurance. 

6

• Climate-induced weather changes 
has led to alterations in growing 
seasons and continues to 
significantly affect cropping 
patterns and outputs across Nigeria. 

• When asked about access to 
innovative weather tools, 74.1% of 
farmers indicated that access to 
real-time data on weather changes 
was difficult to get.

• There is a significant shift in 
farmers perception around 
technological ownership of 
processing and cooling equipment. 

• 78% of farmers surveyed were open 
to community-owned cooling or 
processing infrastructures that offer 
flexible modes of payment.
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Introduction
The urgency to produce adequate food to meet
Africa’s burgeoning population has led to
numerous calls for the deployment of sustainable
agricultural techno-innovations. At the forefront
of this agenda is the Food and Agricultural
organisation’s call to increase annual crop
production in sub-Saharan Africa (SSA) by 80%
through improved cropping intensity and higher
yields as these are required to meet food demand
by 2040 (OECD-FAO Agricultural, 2018).

In Nigeria, such agricultural transformation is
even more expedient for three reasons. First, the
agriculture sector of employs more than 70% of
the total workforce, yet, representing a meagre
21.2% of the GDP. Second, 80% of farm
production is done by smallholder farmers who
currently struggle with irrigation issues, low crop
yields, post-harvest losses and poor access to
markets (FAO, 2018). For context, Nigeria loses
an estimated $8.9 billion annually to post-harvest
food losses. Third, technological and energy-
related innovations required to spur crop
productivity and market optimisation are missing,
hence diminishing the scale of food production.

As such, Nigeria spends an estimated $22 billion
annually importing food (Netherlands Enterprise
Agency, 2019; Ogugbuaja, 2017). Nigeria’s
farming sector and electricity system are
inextricably linked. This is because electrification
access rate is currently pegged at 45%, leaving 100
million people, mostly rural, poor agricultural
communities without access to electricity. The
absence of electricity has resulted in low levels of
mechanisation (EUEI PDF, 2016).

The introduction of sustainable energy solutions
(SES) produced from renewable energy sources
(e.g., solar, wind or biomass based technologies)
offer tremendous potential in solving the farming
sector’s mechanisation woes — especially in
downstream sub-sectors like production,
processing and storage. Such SES are pivotal in
filling Nigeria’s energy access gap, transforming
rural agricultural communities and meeting
sustainable development goals 1, on poverty, 5,
on gender equity, 7 on affordable energy and 8,
on decent work and economic growth.
Figure 1 Food security matrix across states in Nigeria

Source: FEWSNET 2021
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Yet, recent statistics suggest that rather than
taking advantage of these SES, the uptake of SES
remains marginal among small farm holders in
Nigeria. More than 60% of farmers still rely on
rain-fed farming ─ translating to less yield (Xie et
al., 2017). With little or no access to storage
facilities or means of transporting produce from
farms to market, a high volume of post-harvest
losses is observed (PWC, 2018). Together, these
challenges have culminating effects not just on the
reliability of the supply chain but also the capacity
for farmers to climb the farming ladder and
transition from subsistence to commercial-scale
farming. They also have other domino effects
such as the increase in the cost of farm products,
loss of income for farmers, increase in food
import and by implication, inefficient use of
energy resources in achieving food security.

In recent years, both policy and technical research
domains have become replete with strategies on
how to promote SES in Nigeria. An observed
trend in the attempt to promote SES like solar
technologies in Nigeria is that policymakers and
researchers alike have often favoured techno-
feasibility, optimisation or policy models that aim
to bridge the technical gaps observed in the
electricity sector. This technical bias is evident in
the Nigerian Renewable Energy Master Plan
(REMP) —which aim to promote the deployment
of renewable energy solutions via technological
substitution (ECN, 2014; EUEI PDF, 2016).

While such techno-centric models or policies are
indeed valuable, they, however, neglect wider
socio-cultural and economic dimensions that
drive the utilitarian value attached to innovations
like SES (Osunmuyiwa & Kalfagianni, 2016).
Furthermore, relatively few studies have delved
into the proliferation and deployment of SES for
farming transformation in Nigeria.

Understanding and capturing the heterogeneous
needs and contexts in which farmers operate is
crucial for achieving higher uptake of SES
solutions, enhancing resource use efficiency and
delivering socio-economically inclusive and
environmentally sustainable services that can
propel farmers out of poverty

Reflecting on the socio-cultural context is critical
for SES program design as this can affect key
metrics of success such as willingness to pay for
service or capacity to shift existing agricultural
practices to align with SES innovation (Best &
Garside, 2016). Such reflections are valuable when
anchored on a multi-stakeholder approach as this
is required to develop innovative SES business
models and align local level policies to support
capacity-building across the entire value chain.

Petrol generator to support pump in the 
case study village
Image by: TRANSFARM Nigeria team
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Thus, the objective of this study was threefold:
first, to investigate points where SES (specifically
solar-powered technologies) are needed within
key farming-value chains; second, identify factors
affecting the uptake of SES among small scale
farmers in these value-chains and third identify
socio-techno-economic mechanisms needed to
spur the acceptance of SES technologies among
small scale farmers. Our objectives were
investigated through two methodological steps:

§ A review of SES options available in Nigeria’s
farming space to determine their socio-
economic and technical viability.

§ A case study-based needs assessment with
farming stakeholders in Ogun state to identify
points of SES need, barriers to adoption and
strategies for intervention in the farming value-
chain.

While Nigeria produces different sets of crops,
the boundaries of this research are limited to the
vegetable and maize value-chains. Similarly, in this
study, we limit or analysis to solar-based SES due
to Nigeria’s rich solar irradiation potentials. To
operationalise our methodology the following
activities were conducted:

§ Characterised the vegetable and maize
value-chain in Nigeria: Provided a
background into maize and vegetable
production in Nigeria, identified current
challenges within both value-chains specifically
looking at how energy access affects irrigation,
processing, storage and postproduction

§ Identified opportunities presented by
renewable energy and complementary
techno-institutional innovations: This
section involved energy scoping to characterise
SES market, identify available SES
technologies, explore complementary techno-
institutional innovations that can be attached
to SES and identify barriers to their adoption.

§ Needs assessment: Identified farming
communities in Ogun state, mapped
production process, capacity, input and output
measures, planned and unplanned losses,
captured practices reliant on technology access
within the selected crops value-chain and
appraised farmers willingness to pay for SES
technologies and

§ Stakeholder engagement: explored potential
ownership and management structures of SES
use that will be acceptable to selected farmers
and other stakeholders

Our approach not only allows us to unpack
factors underpinning the underperformance of
the farming sector but also develop key co-
benefits to foster the transition to a robust
agricultural system.

9



02
Nigeria’s farming sector
Nigeria is the seventh-largest populous country in
the world. The agriculture sector of Nigeria is a
major part of its economy as it employs more
than 70% of the total workforce. In 2020, about
24% of Nigeria’s gross domestic product (GDP)
came from the agricultural sector and 21.8% of
these were generated from crop production
(Statista, 2021). Crop production in Nigeria
occurs across several agro-ecologies: coastal area,
rainforest, derived Savanna, Guinea Savanna,
Sudan Savanna, Sahel and mountainous areas.
Across these agro-ecologies, several types of
crops are cultivated: food crops (such as millet,
sorghum, maize, rice, yams and cassava) and tree
crops (such as sesame, groundnuts, palm oil,
rubber, cotton and cocoa) (FEWS NET-USAID,
2018). Of the crops mentioned above, vegetables,
maize and tuber production are typically prevalent
among small scale farmers as these are household
staples and farmers are guaranteed a stable market
to sell their produce. In the next section, we
provide a brief background on vegetable and
maize production in Nigeria.

Vegetable production in Nigeria

There are different vegetables produced in Nigeria
such as tomatoes, sweet potatoes, potatoes,
onions, okra, chillies, peppers, shallots, carrots
and others. According to FAO, Nigeria produced
2 million tonnes of okra, 0.22 million tonnes of
carrots and turnips, and 7.2 million tonnes of
other vegetables in 2017 (FAO, 2021). Tomato is
one of the key vegetables in Nigeria, it is grown
and consumed all over Nigeria. In 2017, 4.1
million tonnes of tomatoes were produced. Due
to the scale of production and level of
consumption, tomato is a preferred crop
especially among small scale farmers and this
represents 90% of total production (FAO, 2021;
PWC, 2018).

Furthermore, Nigeria produced 0.9 million tonnes
of dry onion and 0.25 million tonnes of onions,
shallots (green) in 2017. Onion production in
Nigeria are highly profitable and returns on
investment is reportedly high and estimated at
91.89%. Similarly, 0.75 million tonnes of chillies
and peppers (green) were produced by small scale
farmers. This is not surprising as pepper
production is a key and lucrative source of foreign
exchange. Due to the commodity price boom, it
has become a highly exported product from the
Northern part of Nigeria (FAO, 2021).

Outside of exports, the increase in domestic
purchasing power has begun to drive the desire
for better quality products, through an emphasis
on food safety. While there is a potential for
market segmentation between export, wholesale
and retail, there remains an important gap in
production and food availability as small scale
vegetable farmers are still unable to sufficiently
meet local demand. The gap between demand and
supply has been traced to the absence of
mechanisation and electricity systems to support
the production of vegetables (Hatzenbuehler et
al., 2018; Netherlands Enterprise Agency, 2019).

For resource efficiency in vegetable production,
energy powered machinery is required to support
tillage, seedbed preparation, planting, fertilizer
application, irrigation, harvesting, storage and
transportation. Most small-scale vegetable farmers
in Nigeria rely on manual tools to support the
production, packaging and transportation of
produce to the market (AgroFair, 2018). For a
small fraction of farmers who rely on
conventional energy sources like petrol and diesel
fuels, these often form the largest share of their
energy expenditures (See Hetz 1998 for similar
analysis on Chile). Also, with increasing
temperatures stemming from climate change,
vegetable production and storage have become
more energy-intensive. 10



Maize production in Nigeria
Maize is an essential cereal grown in Nigeria and
has been a priority crop under Nigeria’s
agricultural programme since 2012. In 2018,
Africa’s maize production was estimated at 75
million tonnes (7.5% of the world), 33 million
tonnes of this production occurred in Nigeria
(FAO, 2021).

Maize is a household staple, and it is produced by
almost all the states across Nigeria (see figure 3).
Maize production has increased significantly in
the last ten years, almost doubling from 5203000
tonnes in 2003 to 11, 000000 tonnes in 2019
(USDA-FAS, 2020). Between 2018 and 2019,
Nigeria produced 11 million tonnes of Maize with
an average yield of 1.69 ton/ha, a figure that was
significantly lower than the global average (5.86
ton/Ha) (FAO, 2021).

According to the USAID Foreign Agricultural
Service, Nigeria’s maize production for
2020/2021 is estimated at 9.0 million tonnes,
which is a 13 per cent reduction in production
when compared with 2018 and 2019. The
harvested area forecast for 2020/2021 has been
pegged at 5 million hectares which is a 24 per cent
reduction when compared with 6.5 million
hectares of harvest recorded in 2018. The decline
in production and harvest is expected to be a
result of limited land area cultivation in 2020/21
due to COVID-19 lockdown,

rising spates of insecurity (caused by herdsmen-
farmers crisis, banditry and Boko-Haram
insurgency) and the prevalence of droughts across
many maize-producing areas due to the absence
of rain (USDA-FAS, 2020).

Efficient land cultivation and production of maize
are generally energy-intensive. Water extraction,
conveyance, and irrigation of maize require a
substantial amount of energy as this relies on the
utilisation of fuels for powering water pump
systems (Mekhilef et al., 2013; Shah et al., 2018).
Similarly, there is a high energy intensity for
fertiliser and pesticide application as well as fuels
purchased for value-chain activities like drying
dehusking and milling (Rótolo et al., 2015).

Research from Reddy et al., (2015) suggests that
energy use and related GHG emissions in maize
production can sometimes reach spread values of
2.8–22.9 GJ/ha and 0.8–3.6 Mg CO2e/ha. While
in maize exporting countries like the United States
and Argentina the cultivation of maize has
become highly dependent on direct and indirect
energy inputs like fertilizers, machinery, fuels and
electricity (Arrieta et al., 2018), in Nigeria, the
absence of supporting machinery as well as
electricity has impacted the energy footprint from
maize and the subsequent level of yield output
observed among small scale farmers.

Figure 2 Tomato 
production in Nigeria

Source: FAO 2021
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Energy challenges within 
the vegetable and maize 
value-chains
The vegetable and maize value chains in general
consist of the following stages: input supply,
production, processing, marketing and
distribution — and all aspects of these value
chains are energy-intensive. According to the
International Energy Agency (IEA), there is
currently zero records of grid electricity
consumption across these different stages of the
vegetable and maize value chains. As such, key
production factors like irrigation which require
energy is largely absent in Nigeria.

At the moment three main types of irrigation
schemes are operated in Nigeria: (i) government-
owned irrigation schemes; (ii) farmer-owned and
operated irrigation schemes subsidised by the
government and (iii) flood plains based on
traditional irrigation practices (ICIDI).

Nigeria’s irrigation potential is estimated at 3.2
million ha, yet only one per cent of agricultural
land is irrigated with farmers largely dependent on
rain to support crop production. Statistics suggest
that about 156 km3 of water is exploitable yearly
from surface and groundwater resources — at the
moment, only 8 km3 is used (FAO, 2016).

Given the sparseness of irrigated land and the
limited exploitation of surface and groundwater,
irrigated agriculture’s contribution to crop
production is estimated to be 2.3% of all
production of vegetables and grains (Lipper et al.,
2018).

While the government has begun to pursue
several policies such as the Master Plan for
Irrigation and Dam Development to encourage
the development of small to large-scale public and
private irrigation systems (Adelodun & Choi,
2018; FAO, 2016), this will only become
functional when supported with the provision of
sustainable energy infrastructures. Furthermore,
the expansion of irrigation to smallholder farmers
would lessen the current impacts of droughts and
extend the cropping season.

Like irrigation, perishable agricultural goods
(tomatoes, peppers and greens) require electricity-
based equipment to grade, process, maintain the
cold chain and facilitate the farm gate to market
transport. The perishability of vegetables means
that barriers around processing and storage have a
determinate impact on the quality and quantity of
produce that makes it to the market. Storage and
processing in infrastructure in Nigeria are limited
leading to huge post-harvest losses
(Hatzenbuehler et al., 2018).

Yet, this sector experiences one of the highest
forms of post-harvest losses in Nigeria. For
context, the annual demand for tomatoes is 2.45
million tonnes, yet local production is estimated at
1.8 million tonnes and 40% is lost due to poor
post-harvest handling and transport. To this end,
it is estimated that annually, Nigeria imports
150.000 MT of tomato paste valued at USD 170
million from China to meet local demand. This
has severe implications for local processors who
are unable to compete with China (Edeh, 2017;
Okojie, 2018).
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A key aspect of the vegetable chain is the sanitary
and phytosanitary standards (SPS) designed to
ensure food safety and compliance with export.
Currently, SPS in Nigeria is low due to poor
processing and handling practices. Farmers rely
on manual equipment to process and sort
vegetables, and with no access to electricity,
vegetables that require temperature-controlled
storage and transport systems are also left to rut
(PWC, 2018).

There are currently no business structures to
support smallholder farmers access to affordable
cold chain infrastructure and this restricts their
capacity to participate in the market and creates
inefficiencies within the value chain. Combined,
these factors form a huge entry barrier for farmers
wishing to serve both domestic and international
markets (AgroFair, 2018).

Similar to vegetables, harvested maize have to
undergo procedures like threshing, drying,
winnowing, processing and storage before being
transported to the market. These processes
require electricity-based equipment and
processing facilities to ensure quality and safe for
consumption crops are delivered to the market.

Yet most small-scale farmers in Nigeria rely on
manualised handling process to store and grade
harvested maize on the farm. This exposes the
crops to environmental issues such as high
ambient temperature; intense but irregular
precipitation; high relative humidity and rain;
predisposing the crops to abiotic stressors such as
the increased incidence and severity of diseases
and pest. Even when attempts are made to
control pest infestations, farmers often rely on
insecticides and pesticides that are not only toxic
to the environment but can potentially
contaminate the quality and safety of the maize to
consumers (Ala et al., 2020).

Local 
processing

Small scale 
farmers

Imports

ConsumptionDistributionInput 
supplies

Large scale 
farmers

Industrial 
processing

Tomato wastage 
percentage  

Between 0-15%

Between 16-20%

Figure 4 Wastages along the tomato value chain

Source: Adapted from PWC 2018
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Potential for SES use in 
Nigeria’s Vegetable and 
Maize Value chains
Sustainable energy solutions produced from
renewable energy sources like solar, wind or
biomass have a high potential in Nigeria. In this
study, we limit or analysis to solar-based SES due
to Nigeria’s rich solar irradiation potentials. Solar
estimate shows that if Nigeria covers 1% of the of
the country in (poly-crystalline) PV modules,
there is the potential to generate a range of
207000 GWh annually, which could be seven
times higher than that of electricity generated in
2014 (29697360.1 MWh). According to
Renewable Energy Master Plan (REMP), this high
potential would help Nigeria increase the supply
of electricity from renewables by 36% of total
electricity generation by 2030 (ECN, 2014).

Yet most of the studies related to solar
technology deployment in Nigeria have remained
focused on the estimation of the resources, its
applications at the household level or comparative
assessment for the most cost-effective pathways
to solar integration on the national energy mix.
Fewer studies have explored the application or
integration of solar technologies in the agricultural
sector. Thus below, we explore numerous solar
technologies and their potential to improve maize
and vegetable value chains in Nigeria. Specifically,
the research starts with a market characterisation
of each and current uses of each technology.

Solar Irrigation technologies

Nigeria has one of the largest potentials for
irrigation development in Africa (World Bank
2010). A review of irrigation equipment used
among small-scale farmers in Nigeria shows a
preference for drip, sprinklers, pressure pumps or
canal irrigation systems.

In terms of electricity supply, most farmers rely
on diesel-powered water pumps to support
irrigation measures. Outside of the initial cost of
purchase of diesel generators and pumps, there
are also operational fuel and maintenance costs
(Xie et al., 2017). In recent years, the cost of solar
Photovoltaics (PV) has declined, making it more
competitive with diesel. A further advantage is
that solar powered irrigation systems (SPIS) are
modular, can be situated in direct sunlight to
maximise pumping output, can be shared among
multiple households and securely stored to
decrease the risk of theft. The possibility to
integrate batteries and automated control also
makes it viable as it allows irrigation early in the
morning or late at night (Hiller et al., 2016)

Despite the above benefits of SPIS, most small-
scale farmers still have limited knowledge of and
access to solar pumps. SPIS are easy to use with
little training required. Several types of SPIS are
available globally; however, farmers selection can
be dependent on several factors such as the size
of the farm, the budget of farmers and
accessibility to local manufacturing or distribution
networks. A solar irrigation supply chain involves
five market actors: manufacturers, wholesalers,
retailers, consultants and irrigators. A look at the
supply chain in Nigeria shows huge markets gaps
that affect farmers knowledge and uptake of SPIS
(see figure 5).
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For instance, there is an absence of commercial
scale solar manufacturing. Most solar products
found in the domestic market are imported.
Although, there is a big distribution market for
solar panels, however, SPIS related sales and
distribution were sparse except for one or two
solar companies.

Solar dryers and mills

The use of solar dryers and mills offers huge
potential for Nigeria’s maize value chain. The use
of solar dryers encourages efficiency in terms of
time spent drying crops as well as the quantities of
crops that can be dried within a short period.
Solar dryers are suitable for off-grid rural areas as
they do not require back-up heat or electric
ventilation. The structure of the dryer also limits
harvested crops exposure to bio-environmental
contaminants such as dust, humidity, rain or
insects (Fadhel et al., 2011). They are easy to
manufacture with locally available materials, basic
skills and common tools. It allows the farmer to
engage in other productive actives while ensuring
that the products are dried to the required
standard. It provides fuel cost savings to the
farmer. Like drying, milling is a daytime activity
that is mostly done by women in the Agri-value
chain (IRENA, 2016).

This typically involves the use of manual labour or
diesel-based machinery that can sometimes affect
the quality of the products generated from the
mills. Solar mills are modular and can be sized to
meet farmers technological and budgetary needs.
They offer huge economic savings on fuel costs,
especially as a replacement to the diesel-powered
mill.

Solar cold storage

Refrigeration is an essential part of the vegetable
cold chain as it helps farmers reduce vegetable
exposure to high temperatures, avoid
deterioration and preserve the quality of the
products from handling to storage and
transportation to the market (Kitinoja, 2013).
There is an estimated 1.5 billion residential
refrigerators globally. However, only 17% of
households in SSA with a sub-set of 4% in rural
areas own a refrigerator (Efficiency For Access
Coalition, 2019).

Manufacturing Solar systems Solar pumps Irrigation 
equipment

Importers

Solar PV 
distributors

Solar pump 
distributors

Pump and 
service 

providers

Financial 
institutions

Individual/group 
farmers

Figure 5 Solar-powered irrigation supply-chain in Nigeria

The red boxes represent the non-existent parts
of the value chain; the green boxes represent
the sparsely existent part of the value chain;
the blue boxes represent the well-established
part of the value chain.
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With the rise in climate-induced weather changes,
the temperature in Nigeria have begun to go up to
37 °C or more by mid-morning and afternoon.
Tomatoes for example are best conserved at
15°C, which provides an increased shelf life up to
14 days. However, with the absence of
refrigeration capacities, tomatoes handled at a
temperature of 37°C will have a shelf life of a
maximum of two-three days (Gonzalez et al.,
2016). This perhaps explains the degree of post-
harvest losses experienced in Nigeria’s tomato
industry.

Innovative solar refrigeration infrastructure can
help address temperature-induced yield losses in
the vegetable sector. At the moment, solar
refrigerators designed to use solar PVs are on the
increase with GOGLA associates selling an
estimated 8,000 solar refrigerators globally. While
some solar refrigeration units are supported with
batteries to avoid power disruptions and provide
backup during cloudy days, other solar
refrigerants use the “Solar Direct Drive”
technology which stores captured solar energy in
frozen tanks to allow autonomous refrigeration at
night (Efficiency for access coalition, 2019).

Solar PVs can also be integrated with new
innovative technologies like the CoolBot
developed as an affordable alternative to
conventional refrigerants. CoolBot technology
combines a programmed microcontroller with an
air-conditioner. It is designed to maintain low
temperatures and is estimated to costs about 90
per cent less than a conventional refrigeration
system (Storeitcold, 2021).

Solar refrigerants provide greater reliability than
gas-fuelled refrigerators, offer better temperature
control and improved performance. They enable
cost savings by removing the recurrent cost
attached to gas refilling (IRENA, 2016). Solar
refrigerants have slowly begun to gain ground in
Nigeria with innovations like the Cold Hub.

Having explored SES technologies, in the next
section we look at complementary techno-
institutional innovations that can be attached to
SES to promote crop management, improve yield
potential and drive productivity across the
farming value-chain.

Crop Recommended
temperature for
handling (°C)

Storage life at 
recommended
temperature

Post-harvest storage life at...
35°C 25°C 15°C

Pepper 12 20 days 3 days 7 days 15 days
Tomatoes 15 14 days 3 days 6 days 14 days
Spinach 9 14 days 1 day 2 days 5 days

Table 1 Effect of temperature on vegetable storage life

Source: Barrett et al (2014).
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As seen from the European Union agricultural
revolution, technological, managerial and
institutional innovations are required to spur
scalable growth within agricultural systems. These
innovations can take the form of new
technologies (precision irrigation), best practices
(integrated pest management) or institutional
Orgware (smart climate insurance products).
Despite the benefits that these innovations offer
and Nigeria’s potential of driving tech-savvy farm-
specific innovations, there remains a poor union
between the agricultural sector and innovation
spaces.

With more emerging climate threats, several
innovations such as data-driven weather forecasts
can provide farmers with reliable weather
information that will enable them to adjust
farming practices in periods of extreme droughts
or uncertainty about weather patterns. Big data-
driven weather information can also provide early
warning to farmers thereby mitigating the impact
of biotic and abiotic factors on yield loss (Lipper
et al., 2018).

However, two main challenges affect the
deployment of such innovations; first weather
stations in Nigeria are quite limited meaning
farmers have to rely on data from other
geographical areas that might not be useful or
reliable for their specific locations; second, while
access to phones in Nigeria is estimated at 74%,
yet according to a World Bank (WB) survey 81%
of the population still lack access to smartphones.
Only 26% of those sampled within the WB survey
indicated they had access to the internet and more
than half of those without internet are in rural
areas (Oladimeji & Iyamabo, 2020).

Closely aligned with data-driven weather forecast
is the use of precision technologies for irrigation
and pest management. The use of the right
amount of water or chemicals can greatly affect
yield growth/output.

Precision technologies are often combined with
mobile technologies and data analytics software
management systems that integrate farm level data
to generate bio-physical and market-based
analytics that aid farm-level decision making and
the wider farming ecosystem (Lipper et al., 2018).
While the amalgamation of data-driven
technologies with farm-level information can
support the design sustainable agricultural policies
in Nigeria, this is dependent on farmers
willingness to provide farm-level data and
technology developers readiness to design low-
cost applications that would aid this process.

At the institutional level, data generated from
satellite and farm technologies like precision
based solar powered irrigation systems (SPIS)
could be used to design and deliver innovative
insurance premiums. Satellite data can provide
grid-level near real-time data on wetness,
temperature or growing conditions which can be
used to identify various levels of crop
vulnerability, failure, combined with SPIS
generated data, these can be deployed to generate
strategies around farm risk management or create
farm specific insurance products (Farm Hand,
2020).

While Nigeria has both the NigeriaSat-2 and
NigeriaSat-X spacecraft, these satellites have not
been maximised by agro-insurance institutions.
Current farm-insurance products in Nigeria rely
on area wetness as indexes to compensate farmers
thereby missing out on farm specific challenges.
With insurance companies unable to compensate
farmers for climate induced losses in near real
time, there is a high scale of under subscription
for insurance premiums among small-scale
farmers. Such barriers to insurance uptake can be
tackled when quality climate smart insurance
products are designed to protect farmers against
climate induced extreme events.

Introduction of  complementary techno-
institutional innovations that can be attached to 

SES to drive the farming sector
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Methodology
The integration of new solar technologies to
optimise the production, processing, marketing
and distribution requires new operational
knowledge, market structures, technical
capabilities as well as user acceptance. Overall
farmers acceptance of these new technologies is a
key driver for their successful integration within
the market. To understand farmers willingness to
integrate these new technologies quantitative and
qualitative research using questionnaires and focus
groups were conducted in five local government
areas of Ogun state, namely Odeda, Ayetoro, Ifo,
Egbado and Yewa North. We chose Ogun state
for this study because it is in Southern Nigeria
and has begun to experience late onset of rainfall,
early cessation of annual rainfall and frequent
flooding (see figure 6). This has led to alterations
in growing seasons with significant impacts on
yield outputs. These changes also increases the
need for proper processing and storage.

Our research thus emphasises the importance of
climate conditions on the supply and demand of
vegetables and maize products. Moreover, an in-
depth needs analysis of this nature is best done at
the state level, as findings from such exercise can
help local policymakers design case-specific
financial and policy interventions that can be
targeted to boost local vegetables and maize
outputs.

Additionally, with the vegetables and maize price
seasonality across Nigeria, we envisage that some
of these price disparities are explained in part by
farmers lack of access to upstream farming
equipment and downstream infrastructure. The
goal of this exercise was to map production
processes across upstream and downstream maize
and vegetable value-chain, capture practices
reliant on technology access within these value-
chains; reveal to farmers knowledge existing solar-
related technologies and appraise farmers
willingness to pay for SES technologies. This
research was conducted based on four sequential
steps:

Analysis of existing studies

An analysis of existing studies and grey literature
on user’s acceptability and willingness to pay for
new SES technologies like solar pumps, dryers
and cold storage applications in developing
countries served as a baseline to form preliminary
hypotheses for the farm survey. Furthermore, the
research team were interested in characterising
current technological markets within the selected
value-chains. To achieve this objective, the
research team began by characterizing the
market’s current practices, operations, and uses of
irrigation and processing technologies.

Figure 6 
30-year  
rainfall 
pattern in 
Ogun-State 
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Questionnaires

Surveys were conducted with two categories of
farmers. Paper-based surveys were conducted
with non-tech savvy farmers in Ogun state, while
a wider online questionnaire was shared with
literate and tech-savvy farmers via Twitter. The
survey aimed to get information regarding farmers
experiences with droughts, climate change,
irrigation, processing and storage.

This needs assessment was also conducted to
gauge farmers knowledge of SES solutions that
could address their value chain needs, understand
SES market gaps and estimate farmers willingness
and capacity to pay for proposed SES solutions. A
total of 205 paper-based surveys were conducted
with small scale farmers across two agricultural
development zones and five local government
areas in Ogun-state. While only 24 people
responded online. Survey implementation was
done at the beginning of and in the middle of the
cropping season March-April 2020 to determine
whether the absence of rain influenced farmers
cropping patterns and irrigation practices.

Focus group discussion

Focus groups were conducted with stakeholders
of the Ogun State Agricultural Development
Programme. FGDs with (n-=30) ADP
stakeholders (extension officers, policymakers and
aggregators).

The ADP is a consortium covering activities
across the diverse value-chains and it was funded
by the World Bank. This was performed to get
first-hand information on the interventions or
programs implemented at the institutional level
especially those related to the use of SES; the
length of such programmes; the types of SES
technologies deployed; adjacent organisations that
were collaborated with; the beneficiaries; the
challenges encountered in the implementation of
the programme; barriers to the uptake of SES
technologies by farmers; market organisations;
how were these barriers were addressed
institutionally and support instruments deployed
to encourage farmers to purchase such SES
technologies.

Similarly, five sets of focus group discussions
were conducted with (n=10) per group between
1st of June to 15th June 2020. The FGDs
focussed on farmers access to input resources,
equipment, irrigation practices, storage,
processing and issues around market access.
These were conducted to enable a thorough
discussion of farmers attitudes towards SES
technologies, as most have not interacted with
solar pumps or solar dryers, these were
thoroughly introduced to participants. The design
of the focus groups was based on information
gathered from the questionnaire.

18-28
4% 28-38

24%

38-48
72%

18-28
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Figure 7 Age of online participants
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Figure 8 Age of local participants



Capacity building exercise

The capacity building exercise represented a wrap
up of TRANFARM’s needs assessment project in
Ogun state. Based on these numerous inquests
and analysis, we found that irrigation was a key
lever for resource use efficiency and
environmental health that would reduce
externalities and increase the productivity of the
small-scaled farmers within the target population.
As such, we decided to use the capacity building
exercise to demonstrate to farmers how an SES
based irrigation technology would potentially
work and more importantly, co-produce potential
ownership and service structures of this
technology. The two-day event was attended by a
total of 123 farmers from four different local
government areas (Ojebiyi Olodo, Odeda, Olugbo
and Yewa North) of Ogun State. In attendance
were four smart irrigation technology suppliers
and two extension workers. The capacity building
exercise was structured to address three research
areas/questions described below:

§ What is the impact of climate change on small-
scale farmers and what scale of knowledge do
farmers have about this challenge?

§ Where do farmers belong on the irrigation
transition ladder and what kind of irrigation
technologies, knowledge and system
specifications do farmers require to accelerate
their growth on the transition ladder

§ How can small-scale farmers irrigation needs
be addressed through solar irrigation systems?
And what role can ‘smart’ technology solutions
play to improve irrigation efficiency for small-
scale farmers?

The exercise combined plenary, participatory and
on-site knowledge demonstrations in which
farmers were invited and prompted to share
thoughts and experiences around solar irrigation
pumps and associated smart technologies that can
enable farm efficiency. It was conducted in
Yoruba language (details of this exercise can be
found in a separate report).
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Figure 9 Geographical distribution of online respondents
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Paper questionnaire 
findings
Socio-demographic characteristics

Table 2 shows some of the general socioeconomic
characteristics of the sampled farmers. It is
observed that farmers varied in age, with 60% of
those surveyed between the ages of 33-58. The
majority of respondents (74.1%) were men while
25.9% were women. The average plot of land of
the farmers sampled was 2.58 plot while 23.40%
had more than 4 ha of land. 62.4% earned
between 5000-300000 naira per annum while only
8.3% of farmers earned more than a million naira
in the past year.

Furthermore, 50.2% of farmers had 20 years’
worth of experience in farming. This is an
indication that most of the farmers sampled were
middle age and fairly experienced in farming
enterprise. More than half of the respondents
engage in other-agricultural activities that include
direct selling in the market (60%), grazing
livestock (44.9%), farm labour (12.2%) and
artesian work (11.2%) (see Table 3).

Major crops planted by the farmers sampled were
maize (93.7%) and cassava (91.7%) vegetable
(59.00%) and pepper (52.7%). Also, the least crop
planted by the respondents were cashew (1%),
banana (1.5%), potatoes (2.4%), Groundnut and
Melon (2.9% respectively). Most farmers (94.1%)
indicated that crops planted were both for
household consumption and sales purposes while
only 4.9% planted for sales only.

Accessibility to resources

Regarding access to resources (table 4), 34.6% of
farmers found it difficult to get access to planting
materials while 51.7% found it easy. Similarly,
60% of those surveyed found it easy to access
knowledge on how to apply fertilizers while
26.8% found this difficult.

.

.

Yet, in terms of access to irrigation equipment,
84.4% of farmers found it difficult to access
diverse market options. This correlates with
earlier (see section 2) characterisation of the
irrigation market in Nigeria, where the irrigation
technology manufacturing supply chain is non-
existent. When asked about access to machinery
and electricity, 88.3% and 91.2% of farmers found
it difficult to access both services. This data
mirrors the current Agri-energy dearth described
in section 2 and the energy access challenge
experienced in Nigeria. It also further reveals the
rural/urban energy access gap observed across
Nigeria.

Water source in Ojebiyi village, Odeda
Image by TRANSFARM Nigeria team
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Socio-economic Characteristics Frequency Percentage Mean
Local Government Area
Odeda 84 41.00
Yewa North 71 34.60
Obafemi Owode 21 10.20
Ewekoro 29 14.10
Gender
Male 152 74.10
Female 53 25.90
Age
19-32 39 19.00
33-45 57 27.80
46-58 65 31.70 46.75
59-71 34 16.60
72-80 10 4.90
Last Year Income of the Farmer
0-50000 13 6.30
50000-100000 29 14.10
100000-150000 27 13.20
150000-200000 28 13.70
200000-300000 31 15.10
300000-500000 33 16.10
500000-1000000 27 13.20
Above 1000000 17 8.30
Land Ownership
Yes 205 100.00
Years of Farming Experience
1-3 4 2.00
3-5 10 4.90
5-10 36 17.60
10-20 52 25.40
20 and above 103 50.20
Farm Size
Less than half ha 17 8.30
0.5-1ha 40 19.50
1-2ha 31 15.10
2-3ha 32 15.60
3-4ha 37 18.00
more than 4ha 48 23.40
Number of Plot
0-1 53 25.90
2-3 109 53.20 2.58
4-5 34 16.60
6-7 9 4.40

Table 2 Socio-economic characteristic of the farmers (n=205)
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When asked about access to processing
equipment, 88.3% of respondents found it
difficult to access innovative technologies to
process their products while 74.6% found it
difficult to access storage units. This inevitably
contributes to the higher scale of post-harvest
losses and system inefficiencies recorded across all
the levels of these value chains.

Climate-induced weather changes continues to
significantly alter cropping patterns and outputs
across Nigeria and SSA. When asked about access
to innovative weather tools, 74.1% of farmers
indicated that access to real-time data on weather
changes was difficult to get. Various agricultural
practices and investments are often influenced by
access to credit, market and insurance services.
Outside of the Nigerian Agricultural Insurance
Corporation (NAIC), insurance markets are not
only sparse, but private Agri-insurance products
are also absent. This was evident with 87.8% of
farmers surveyed signalling that they found it
difficult to access farm specific agricultural
insurance products.

*Activities Frequency Percentage
Grazing livestock (dairy 
cows, cattle, sheep, goats 
and other ruminants)

92 44.90

Farm-shop 7 3.40
Direct selling in the 
market (all possibilities, 
including milk-marts)

123 60.00

Farm labour 25 12.20
Riding of commercial 
motorcycle 16 7.80

Commuter 12 5.90
Trader 14 6.80
Artesian 23 11.20

Table 3 Non-farming activities and other 
agricultural activities performed by the farmer 
(n=205)

A processor in Odeda. Image by TRANSFARM Nigeria team
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Source: Field Survey, 2020
*others include charcoal production, herbalist, cocoa 
trader, export, poultry production, architect, civil servant, 
security, nurse and driving school instructor)
S=Significant at 5% probability level



*Resources Difficult Neutral Easy Not 
Applicable

Mean SD

Planting material 71(34.60) 27(13.20) 106(51.70) 1(0.5) 3.81 0.92
Knowledge of how to use 
fertilizer

55(26.80) 24(11.70) 123(60.00) 3(1.50) 2.63 0.89

Irrigation equipment 173(84.40) 14(6.80) 15(7.30) 3(1.50) 3.74 0.89
Machinery 181(88.3) 9(4.40) 12(5.90) 3(1.50) 3.79 0.60
Electricity 187(91.2) 8(3.9) 7(3.40) 3(1.50) 3.84 0.53
Processing equipment 181(88.30) 16(7.80) 6(2.90) 2(1.00) 3.83 0.50
Information on weather changes 152(74.10) 21(10.20) 29(14.10) 3(1.50) 3.57 0.78
Storage facilities 153(74.60) 37(18.00) 13(6.30) 2(1.00) 3.66 0.64
Transport Services 91(44.40) 46(22.40) 66(32.20) 2(1.00) 3.10 0.89
Market and Market information 87(42.40) 45(22.00) 71(34.60) 2(1.00) 3.05 0.90
Capital and credit 173(84.40) 13(6.30) 18(8.80) 1(0.50) 3.74 0.62
Advice on extension services 120(58.50) 29(14.10) 54(26.30) 2(1.00) 3.30 0.89
Access to land 81(39.50) 21(10.20) 102(49.80) 1(o.50) 2.88 0.95
Crop Insurance 180(87.80) 7(3.40) 15(7.30) 3(1.50) 3.77 0.64

Table 4  Farmers’ accessibility to resources (n=205)

*indicates Multiple Responses
Source: Field Survey, 2020
Note: SD is Standard Deviation
Values in bracket is parenthesis

A pivot 
irrigation 
system in 
Eegua
Image by 
TRANSFARM 
Nigeria team
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Irrigation practices of the sampled farmer

A key objective of the research was to
characterise current irrigation access, types of
technologies used, irrigation practices, barriers to
adoption of new irrigation technologies such as
low energy precision irrigation systems and
irrigation scheduling tools. As seen in Table 5,
82.4% of all sampled farmers experience droughts
or absence of rain. Of this cluster, 47.3%
described their experience of droughts or the
absence of rain in the previous year as severe
while 28.8% viewed their experience of droughts
as mildly severe. Most farmers (99%)
acknowledged that rain was the primary source of
irrigation. Of the 99% described above, 41%
combined rain with watering cans to support
irrigation while 22% combined surface irrigation
with rain.

Only 1.95% of farmers sampled relied on
sprinklers as their source of irrigation. This small
sample mirrors the national average of less than
2% irrigation. It is often stated that the frequency
of irrigation can be a big determiner in farmers
willingness to move across the irrigation ladder.
At 40.5%, more farmers irrigated at an average of
twice daily, 14.1% irrigated once daily, 2%
irrigated three times a day while 39% of farmers
signified that irrigation was not a daily practice.
The mean cost of irrigation for the average farmer
was ₦43853.66k. When asked about irrigation
preferences, 99% of farmers preferred to move to
some form of automated or mechanised type of
irrigation.

*Irrigation Type Frequency Percentage Mean Standard deviation
Rain 203 99.00
Watering can 84 41.00
Surface 45 22.00
Sprinkler 4 2.00
Sub-irrigation 0 0.00
Drip 0 0.00

Frequency of irrigation
None 79 38.50
Every three days 10 4.90
Once daily 29 14.10
Twice daily 83 40.50
Thrice daily 4 2.00

Cost of irrigation
₦0-375000 202 98.50 43853.66 127687.14
₦375001-750000 2 1.00
₦750001-1125000 0 0.00
₦1125001-1500000 1 0.50
Do you experience droughts or 
absence of rain
No 36 17.60
Yes 169 82.40
If Yes, the Impact on yield loss
None 36 17.60
Not Severe 13 6.30
Mild 59 28.80
Severe 97 47.30
Preferred irrigation Method
Localized (Rain and manual 
watering) 2 1.00

Mechanized irrigation 203 99.00

Table 5 Farmers Irrigation practices (n=205)

*indicates Multiple Responses
Source: Field Survey, 2020
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Harvesting practices of the sampled farmers

Access to mechanised harvesting technologies is
required to reduce the current scale of post-
harvest losses experienced in Nigeria. To this end,
farmers were asked about the types of harvest
equipment used on their respective plots. As seen
in Table 6, 93.7% of sampled farmers use manual
labour for harvesting with only 1.5% of farmers
combine harvester while 0.5% use ripper machine.

With the majority of sampled farmers reliant on
manual labour and tools for harvest, it was not
surprising that 74.1% indicates they experience
post-harvest losses. Farmers (45.4%) that
experienced post-harvest losses indicated that
losses were mild while only 20% found post-
harvest losses to have been severe. The mean cost
of harvesting among farmers was N106553.65k
with 99% of the respondents’ spending between
N 0-N 625000 in the harvest season. When asked
about technological preferences for harvesting,
99% preferred mechanized harvesting method
with only 1% sticking with localised forms of
harvesting.

*Harvesting Type Frequency Percentage Mean Standard 
deviation

Manual labour 192 93.70
Manual tools 91 44.40
Combine Harvester 3 1.50
Ripper Machine 1 0.50

Cost of harvesting
0-625000 203 99.00 106553.65 223978.15

625001-1250000 0 0.00
1250001-1875000 1 0.50
1875001-2500000 1 0.50
Do you experience post-harvest 
losses
No 53 25.9
Yes 152 74.1
If Yes, the Impact on yield loss
None 51 24.9
Not Severe 20 9.8
Mild 93 45.4
Severe 41 20.0
Preferred harvesting Method
Localized 2 1.00
Mechanized 203 99.00

Harvested maize in Sangisha, Yewa North.
Image by TRANSFARM Nigeria team

Table 6 Farmers harvesting practices (n=205)

*indicates Multiple Responses
Source: Field Survey, 2020 27



The processing practices of sampled farmers

In Nigeria, small scale farmers typically rely on
manual labour/tools or a local mill driven by a
diesel engine as electricity access is usually lower
in rural areas. Yet, this aspect of farming is largely
dominated by women. Technological optimisation
of processing can lead to a reduction in time
spent by women on such tasks while opening up
opportunities for increased productivity elsewhere
and avenues for other income-generating
opportunities.

The result in Table 7 reveals that knife (74.6%),
sieve (65.9%) and hydraulic press (60%) were the
major manual tools use for processing while Pellet
mill (65.9%) is the major machine used by the
respondents in processing their farm produce.
This infers that the respondents use majorly
manual processing tools. The mean cost of
processing as indicated by the respondent was N
57402.44k with 98.50% spend between N 0- N
325000, less than half (48.3%) experience
processing losses, 33.7% out of those that
experience processing losses indicated that it
mildly affected their income. In terms of
preferences for processing 99.5% preferred
mechanized processing technologies.

A processing machine in Imoto Orile.
Image by TRANSFARM Nigeria team

Storage in 
Eegua.
Image by 
TRANSFARM 
Nigeria team
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*Processing Type Frequency Percentage Mean Standard 
deviation

Manual
Hydraulic press 123 60.00
Sieve 135 65.90
Stone press 26 12.70
Knife 153 74.60
Machine
Pellet mill 135 65.90
Others 2 9.00

Cost of processing 
0-325000 202 98.50 57402.44 110250.29

325001-650000 2 1.00
650001-975000 0 0.00
975001-1300000 1 0.50
Do you experience processing 
losses
No 106 51.70
Yes 99 48.30
If Yes, the Impact on income loss
None 105 51.20
Not Severe 16 7.80
Mild 69 33.70
Severe 15 7.30
Preferred Processing Method
Localized 1 0.50
Mechanized 204 99.50

Table 7 Farmers processing practices (n=205)

*indicates Multiple Responses
*other machinery include combine harvester; industrial fan, destoner, rice polisher, automated rice miller, rice pre, 
cleaner, parboiling tank, rice drier, palm oil making machine, grinding machine (corn), thresher 
Source: Field Survey, 2020
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Awareness of Sustainable Energy 
Technologies and knowledge of where to 
purchase

Research around sustainable energy technologies
is replete with empirical evidence that suggests
that the adoption of new technologies is
influenced by the consumers’ awareness of
different energy services, technologies and
products.

Awareness plays a pivotal role in how these
technologies become easily diffused among target
recipients and also bolsters the consumers
capacity to integrate such technologies within
their everyday practices while maximally
benefiting from them.

Table 8 presents the results of respondents’
awareness of sustainable energy technologies for
irrigation and agro-processing. Only 24% of
farmers surveyed knew about solar irrigation
pumps or precision-based irrigation systems.

Most farmers acknowledged that despite
extension service outreaches around diesel-based
pumps, there has been no knowledge
dissemination or access to regular training on the
use of solar powered irrigation technologies to
amplify farm productivity. Only 22% of farmers
were aware of solar related technologies for
processing and storage.

Most farmers who had knowledge of mechanised
processing technologies largely knew of diesel-
powered systems. While only 22% said they had
knowledge of temperature-controlled cooling
hubs/solar refrigeration units.

Finally, 98% of farmers sampled did know where
to purchase any of the listed technologies.
Reinforcing findings from the literature (see
section four) that there is a huge knowledge and
market supply gap of farming related SES
solutions in Nigeria.

Understanding participants awareness of SES and factors 
shaping willingness to pay for SES

*Awareness of Technologies Frequency Percentage
Solar irrigation pumps 50 24.40
Precision based smart irrigation pumps 48 23.40
Solar boiler 45 22.00
Solar grinder 46 22.40
Solar oven for drying 49 23.90
Solar-powered hydraulic press 47 22.90
Solar-powered maize thresher 47 22.90
Solar-powered huller 49 23.90
Solar-powered grater 48 23.40
Solar-powered mill 48 23.40
Temperature controlled cooling hubs/solar refrigeration units 45 22.00

Table 8 Awareness of Sustainable Energy Technologies (n=205)

*indicates Multiple Responses
Source: Field Survey, 2020
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Willingness to pay for sustainable energy 
solution and supporting innovation services

Generating farmers willingness to pay for
sustainable energy solutions can be useful in
designing key business models and supporting
innovation services for the agricultural sector. As
seen in Table 9, most farmers (97.1%) showed a
willingness to pay for weather related information,
96.6% showed interests in paying for energy-
controlled processing and storage facilities, while
97.1% were willing to pay to access crop
insurance products.

We tested whether awareness of where to
purchase SES have a significant relationship with
willingness to pay for SES services using Pearson
Product Moment Correlation (PPMC) and the
result is presented in Table 10. PPMC result
reveals no significant relationship between
respondents’ awareness of sustainable energy
solutions (r=-0.086), knowledge of where to
purchase sustainable energy solutions (r=-0.055)
and their willingness to pay for sustainable energy
solutions.

31

Table 9 Willingness to pay for sustainable energy solutions and supporting innovation (n=205)

*Willingness to pay for SES Willing Neutral Not 
willing

I do not need 
one

Mean SD

Technologies identified above 
as necessary for the farm

198(96.60) 2(1.00) 3(1.50) 2(1.00) 3.93 0.39

Get Information on weather 
changes 

199(97.10) 1(0.50) 3(1.50) 2(1.00) 3.93 0.38

Energy controlled storage 
facilities 

195(95.10) 1(0.50) 3(1.50) 6(2.90) 3.93 0.38

Energy controlled processing 
facilities 

198(96.6) 1(0.50) 3(1.50) 3(1.50) 3.92 0.43

Access to cold storage 
transport services

199(97.10) 1(0.50) 3(1.50) 2(1.00) 3.87 0.55

Access to further training 200(97.60) 1(0.50) 3(1.50) 1(0.50) 3.95 0.32
Access to crop insurance 199(97.10) 2(1.00) 3(1.50) 1(0.50) 3.94 0.33

*indicates Multiple Responses
Source: Field Survey, 2020
Note: SD is Standard Deviation

This implies that irrespective of the respondent’s
awareness of sustainable energy solutions and
knowledge on where to purchase sustainable
energy solutions, they are willing to pay for
sustainable energy solutions and other supporting
innovation services.

Table 10 Awareness of where to purchase 
sustainable energy SES  have no significant 
relationship with willingness to pay for 
sustainable energy solutions
Socio-
economic 
characteristic

r-value P-value Significant

Knowledge 
on where to 
purchase SES

-0.086 0.220 NS

Knowledge 
of existence 
of SES

-0.055 0.438 NS

Source: Field Survey, 2020
Note: Significant at 0.05level
NS=Not Significant
The tool used: Pearson Product Moment Correlation (PPMC)



Having generated information about farmers
willingness to pay for sustainable energy
technologies, the research team asked farmers if
they were willing to subscribe to diverse pay as
you go models. As shown in Table 11, 92.7% of
farmers agreed to a Single “lease” contract on the
above-identified technologies/services.

Some farmers (69.3%) preferred a privately
owned cooling infrastructure that charges per
crate of produce while others (71%) were more in
favour of a community-owned cooling
infrastructure that charges per crate of produce.
In terms of storage, 77.1% of farmers showed a
high preference for privately owned storage or
processing infrastructure that charges per crate of
produce while 78% showed a higher preference
for community-owned storage or processing
infrastructure that charges per crate of produce.

Willingness to subscribe to 
the following SES

Agree Neutral Disagree I do not 
need one  

Mean SD

Single “lease” contract on the 
above-identified 
technologies/services 

190(92.70) 11(5.40) 3(1.50) 1(0.50) 3.90 0.38

A privately owned cooling 
infrastructure that charges per 
crate of produce

142(69.30) 21(10.20) 19(9.30) 23(11.20) 3.37 1.04

A privately owned storage or 
processing infrastructure that 
charges per crate of produce

158(77.10) 21(10.20) 14(6.80) 12(5.90) 3.58 0.85

A community-owned cooling 
infrastructure that charges per 
crate of produce

147(71.70) 20(9.80) 19(9.30) 19(9.30) 3.43 0.99

A community-owned storage 
or processing infrastructure 
that charges per crate of 
produce

160(78.00) 18(8.80) 14(6.80) 13(6.30) 3.58 0.87

A cooling transport system 
that charges per crate of 
produce

147(71.70) 19(9.30) 19(9.30) 20(9.80) 3.42 1.01

Table 11 Willingness to subscribe to sustainable energy solutions (n=205)

*indicates Multiple Responses
Source: Field Survey, 2020
Note: SD is Standard Deviation
Values in bracket is parenthesis

Researcher discussing with a female farmer.
Image by TRANSFARM Nigeria team
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Variable B Std. Error t-value P-value Significant
Knowledge of where to purchase SES -0.137 0.269 -0.511 0.610 NS
Awareness of the existence of SES -0.078 0.072 -1.079 0.282 NS
Constant 27.657 2.701 10.240 0.000 S
N 205
R2 0.009
F 0.885

Source: Field Survey, 2020
NS=Not Significant
S=Significant at 5% probability level

Table 12 Awareness of where to purchase sustainable energy solutions have no effect on 
willingness to subscribe to SES  
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Going a step further, we explored whether
awareness of where to purchase sustainable
energy solution will affect willingness to subscribe
to SES. This was tested using linear regression
and the result is presented in Table 12. The
coefficient of determination showed that variation
in the model as accounted for by (awareness of
where to purchase SES and awareness of the
existence of SES) was 0.009%. Neither of the
explanatory variables contributed significantly to
the willingness to purchase sustainable energy
solutions in the sampled population. It could be
inferred that farmers migration on the energy
ladder to SES is not contingent on their
awareness of the existence and awareness of those
technologies

Solar power pump demonstration at FUNAAB.
Image by TRANSFARM Nigeria team
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Using binary logistic regression, we found that the
socio-economic characteristics of the respondents
had no significant effect on their willingness to
subscribe to sustainable energy solutions (see
Table 13). The logistic model was statistically
significant at 5% level (χ2 (22) = 44.276, P =
0.003). The model explained 27.2% (pseudo R2)
of the variance in willingness to subscribe for
sustainable energy service accounted for by the
seven (7) independent variables (gender, age, last
year income, form of land ownership, years of
farming experience, farm size, number of plot and
total expenses) and correctly classified 70.2%
cases.

Variables
B S.E. Wald Df P-value

Significant

Gender -0.364 0.420 0.749 1 0.387 NS
Age -0.033 0.014 5.220 1 0.022 *

Last Year Income 0.000 0.000 11.45
1 7 0.120 NS

Form of land ownership 0.000 0.000 6.263 2 0.044 *
Years of farming experience 0.000 0.000 1.659 4 0.798 NS

Farm size 0.000 0.000 5.786 5 0.328 NS

Number of agricultural Plot 0.077 0.133 0.333 1 0.564 NS

Total expenses 0.000 0.000 4.489 1 0.034 *

Constant 4.129 1.281 10.39
1 1 0.001 *

-2log Likelihood 213.340
Nagelkerke R2 0.272
Overall percentage 70.200
Chi-Square 44.276
Df 22
P-value 0.003
Significant *

Results further show that Age (χ2=5.220), form
of land ownership (χ2=6.263) and total expenses
(χ2= 4.489) of the respondents had a significant
effect on their willingness to subscribe to
sustainable energy service. Judging from the
symbols in front of the coefficient, willingness to
pay for the SES is inversely related to age and
total expenses, but positively related to land
ownership. This is logical, since land ownership
would suggest lower total expenses.

Table 13 Socio-economic characteristic of the respondents’ had no significant effect
on their willingness to subscribe to SES

Source: Field Survey, 2020
Legend: Total Expenses is the summation of Irrigation cost, Harvesting cost, Processing cost, and Storage cost 
respectively 
*=Significant at 5% probability level
NS=Not Significant
The tool used: Binary Logistic Regression



We further conducted a test of significant
association between farmers’ socio-economic
characteristics and their willingness to subscribe
for sustainable energy solutions. This was tested
using Chi-square for variables measured at
nominal level (gender, last year income, form of
land ownership, farm size and years of farming
experience) and Pearson Product Moment
Correlation (PPMC) for variables measured at
interval level (age, number of plot and total
expenses) and the result is presented in Table 14
and 15. Chi-square reveals no significant
association (p ˃ 0.05) between the socio-
economic measured at nominal and their
willingness to subscribe for sustainable energy
solutions.

Source: Field Survey, 2020
Note: Significant at 0.05level
NS=Not Significant
The tool used: Chi-Square

Socio-economic characteristic Chi-square value df P-value Significant
Gender 0.102 1 0.749 NS
Last year income 9.579 7 0.214 NS
Form of land ownership 2.181 2 0.336 NS
Years of farming experience 9.184 4 0.057 NS
Farm size 5.307 5 0.380 NS

This indicates that the respondents’ gender, last
year income, the form of land ownership, farm
size and years of farming experience did not
influence their willingness to subscribe to
sustainable energy solution services. PPMC
reveals a negative and significant relationship (p ˂
0.05) between the respondents’ age (r=-0.153*),
total expenses (r=-0.154*) and their willingness to
subscribe to sustainable energy solutions.

Table 14 Test of a significant association between the socio-economic characteristic of the 
respondents and their willingness to subscribe to sustainable energy solutions

Socio-economic characteristic r-value P-value Significant
Age -0.153* 0.029 *
Number of plots 0.038 0.584 NS
Total expenses -0.154* 0.027 *

Table 15 Test of a significant relationship between age, gender and farmers expenses on their 
willingness to subscribe to sustainable energy solutions

Source: Field Survey, 2020
Note: Total Expenses is the summation of Irrigation cost, Harvesting cost, Processing cost, and Storage cost 
respectively
Significant at 0.05level
NS=Not Significant
S=Significant
The tool used: Pearson Product Moment Correlation (PPMC)
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Discussion and Conclusion
Mechanising agricultural processes, increasing
farmers adoption of climate-smart technologies
and promoting farmers socio-economic wellbeing
in the face of climate change and rising food
insecurity is one of the key challenges facing
policymakers and donor organisations across sub-
Saharan Africa. In Nigeria where the major chunk
of those in the farming sector are small-scale
farmers, the need to revive this ailing sector
through the deployment of sustainable energy
solutions and innovative climate-smart
technologies is even more pivotal than ever.

The study conducted a needs assessment and
investigated points where sustainable energy
solutions (specifically solar-powered technologies)
can be integrated within select value-chains
(vegetables and maize), identified barriers to the
adoption of SES among small scale farmers to
provide governments and donor organisations
with insights on potential socio-techno-economic
services likely to accelerate the acceptance of SES
among small scale farmers in Nigeria.

Both quantitative and qualitative approaches were
adopted to get an in-depth understanding of
farmers SES needs and these methodological
approaches not only allowed us to observe
farmers current agric-practices but also educate
farmers on the potential for SES to amplify farm
productivity and increase income (see report on
capacity building exercise). While Ogun was our
primary focus state, our questionnaire was
distributed online to attract farmers across the
nation (albeit with a small response rate) and as
demonstrated in the results found from the online
surveys, most of the needs identified mirrored
that of farmers in Ogun state suggesting that our
findings are generalisable among farmers across
Nigeria.

.

.
Our results showed a clear demand and
willingness to pay for SES across the value-chains
studied. Although, most farmers showed limited
knowledge of SES such as solar-powered
irrigation systems, confirming Adekunle et al.
(2015) findings that farmers have a poor
knowledge of irrigation thus inhibiting their
participation in irrigation schemes. Yet, they
showed a significant interest in accessing and
gaining knowledge about SES related technologies
like SPIS.

Furthermore, farmers willingness to pay for SES
related services despite current socio-economic
status provides an insight into the values attached
to such technological solutions. Specifically, for
irrigation, farmers willingness to purchase new
solar-powered irrigation systems and subscribe to
weather information services were found to be
driven by their experience of droughts in the
previous year and its impact on their overall
income. Nonetheless, given the current dearth of
information on SES among farmers and existing
market gaps in the SES supply chain in Nigeria,
petrol and diesel are more likely to remain the
choice of fuel for irrigation and storage.

Testing new SES related business models, our
results show farmers appetite for new market
innovations like cooling and processing as a
service and new institutional innovation like
climate-smart insurance. Specifically, it was
observed that most farmers preferred community-
based cooling services. This choice could be due
to the fact that most of the respondents were
small-scale farmers and were unable to afford
stand-alone systems.
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Furthermore, this decision could have been
influenced by farmers memberships in
cooperatives which typically promotes collective
ownership of resources. Yet, we found that the
older the respondents become and the higher
their total expenses the lower their willingness to
subscribe for sustainable energy solutions.

In terms of climate-smart insurance, most
respondents believed that the development of
climate-smart insurance products designed to
integrate farm-specific data would lead to
significant protection from emerging climate
threats while having a wide-reaching impact on
farmers adaptability.

A local processor in Ayetoro village. Image by TRANSFARM Nigeria team
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Finally, while our research findings show potential
innovations and business models that could foster
farmers adoption of SES in Nigeria, however, for
these models to drive the anticipated change, they
must be designed and framed to address farmers
core needs and fit farmers socio-economic
context.
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Recommendations
Our findings show three sector and policy-
relevant factors that could potentially drive the
adoption of SES among small scale farmers in our
selected value-chains.

Addressing the Knowledge gap: Farmers ability
to adapt to new climate climatic threats will be
determined by the type and quality of information
they have access to especially around sustainable
energy technologies and associated innovations
like weather forecasts and climate-based crop
insurance. Results from the questionnaire and
capacity building exercise conducted as part of
this project suggest a huge gap in farmers
knowledge of SES.

Most farmers do not know about SES
technologies or innovations that enhance farm
productivity, who to purchase from or where to
access training to support their effective use of
SES related services. This dearth of information
means small-scale farmers are unable to assess
climate-related risks across the growing season;
adapt farming operations to adjust to new climate
realities and restricts farmers ability to invest in
climate-smart technologies to improve farm
resilience.

To address this knowledge disconnect, SES
technological actors must actively stimulate
knowledge dissemination around SES innovation
by conducting demonstration projects (as done
during our capacity building exercise on SPIS),
collaborate with extension workers to create
technology awareness and skills development days
while also co-generating technology financing
schemes with farmers. Extension workers already
have established relationships with farmers,
integrating them as knowledge couriers will be a
crucial component for success.

.
These initiatives can also be supported at the
governmental level through anchor farmer
programmes that provide SES solutions for
farmers at reduced cost in exchange that farmers
guarantee a percentage of produce for local
markets at lower prices. It could also be
supported with business and export development
coaches to support farmers who wish to export
their products. Such an approach will not only
address local food security challenges but also
empower farmers to produce for external
markets.

Building Agri-innovation supply-chain
platforms to bridge farmer-technology gaps:
Moving small-scale farmers in Nigeria along the
farming-tech value chain requires the
establishment of new farming-tech support
interfaces that evaluates farmers technological
needs and matches them with appropriate
technological product, know-how and operational
support. Most rural farmers are typically isolated
from urban or peri-urban areas which means they
are unlikely to get access to real-time information
about new technological innovations or
infrastructure.

As observed from our findings most villages still
do not have access to internet, some villages have
poor mobile network while a large chunk of
small-scale farmers do not have smart phones.
The development of low-tech or SMS based
platforms would have a more immediate impact
on farmers ability to access technologies. This
kind of platforms can also serve as a match bank
for aggregators as they are able to know what kind
of farm products are available per geographical
area. Data from such platforms can aggregated as
a match-bank for innovative Agri-tech and farmer
driven insurance services. It can also be harvested
to support the design of Agri-ecosystem policies
that raise the quality of products produced and
increases farmers income.
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Designing innovative products to address
farmers techno-finance risks: Farmers often
perceive new technologies as risky especially
where there are no points of reference for
technology performance. This barrier is further
exacerbated by other socio-economic factors such
as access to capital, land resources and wider
politico-economic and institutional factors.

From our results most farmers are willing to
adopt SES technologies if there are financial
support to ease the burden of sudden uptake.
However, at the institutional level, there is a broad
lack of innovative financial instruments to
encourage farmers investment in SES
technologies.

This barrier can be addressed when technological
firms and financial institutions design viable
business models targeted at enterprise support
based on the scale of the farmer. Such farmer
centric financial model is best developed
collaboratively with farmers and other
stakeholders.

We tested innovative business and financing
models in our questionnaire and further expanded
on this during our capacity building exercise.
Farmers who attended the February 2021 capacity
workshop came up with individual centric and
collective financial models that could assist them
with the uptake of SES innovations.

Cross section of participants at the capacity building exercise at FUNAAB
Image by: TRANSFARM Nigeria team
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