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Solar Energy and Post-Harvest Loss Reduction
In Roots and Tubers in Africa
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Abstract— This study sheds light on the role affordable solar
energy can play in the reduction of post-harvest loss in selected
crops in Africa especially roots and tubers. The growing
population places great strain on food supply chain, energy
sources, and the environment. Roots and tubers are among the
most consumed staple food in the continent of Africa.
However, post-harvest losses threaten the crop and their
products. The causes, processing and strategy for reducing
post-harvest loss of roots and tubers are discussed. The state of
solar energy and its possible contribution to the reduction of
post-harvest loss of roots and tubers is also examined. The
study concludes by proffering suggestions regarding the
inclusion of solar energy as a way to reduce post-harvest losses
in Africa.

Index Terms— Solar energy; post-harvest; roots and tubers;
developing countries; Africa

I. INTRODUCTION

he world population is estimated to reach 9.8 billion by

2050 [1]. This growing population means that 60 %
more food is needed to sustain life on earth [2], [3], [4].
Reducing food losses, increasing production and improving
distribution are vital for increasing food availability and
access to all [5]. Globally, about 1.3 billion tons of food is
lost annually according to United Nations estimates [6].
There are high losses at the post-harvest and processing
stage in developing countries [7].

Food losses in developing countries especially South Asia
and Africa are roughly 120 kgs/year to 170 kgs/year. In
Uganda, an estimated US$23 million/year is lost caused by
27 % post-harvest loss of milk [8]. In South Africa food loss
is estimated to be about 10 million tons every year which
represent 210 kg per person per year [9]. This represents 33
% of the 31 million tons of food produced annually in South
Africa. South African food losses consist of 44 % fruit and
vegetables, 26 % grains, 15 % meat, and 13 % roots, tubers
and oilseeds. The bulk of this loss occurs at the initial stage
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of the food supply chain. Post-harvest lost is 50 9%,
processing and packaging is 25 %, distribution and retail 20
% and 5 % lost at the consumer level.

Root and tuber crops are staple foods for many people in
developing countries, and the people most dependent on
them are the very poor who live in Asia and Africa [10].
Collectively, these crops occupy about 50 million ha
worldwide and annual production exceeds 550 million
tonnes, about two-thirds of which is harvested in the
developing world. Roots and tubers provide food for 200
million people in Africa [11], [12]. They are farmed by
peasant farmers because they have low labour requirements
for cultivation [13].

Il. POST-HARVEST LOSSES IN ROOTS AND TUBERS

Cereals, roots, tubers and plantains constitute over two-
thirds of the staple foods in the average sub-Saharan African
diet in terms of energy [14]. Root and tuber crops are
currently the second most important food crop category in
several parts of Africa especially west Africa and Kenya,
after cereals. The current longer and drier conditions in all
agricultural areas, attributed to global warming, have led to
a reduction in cereals production. It is estimated that the
livelihoods of 70 % of Africans are dependent on rain-fed
agriculture, an activity that is characterized by small-scale,
subsistence farming that is vulnerable to a variety of
stresses, including those associated with climate [15], [16].
Root and tuber crops are high yielding crops that can grow
in diverse environments including arid and semi-arid lands
(ASALSs), thus providing a great potential for ensuring food
security for the majority of Africans. In spite of the potential
for these crops to address food security, a significant
proportion of rural communities in Africans are constantly
faced with food deficits.

Root and tuber crops are plants that store edible material
in subterranean roots, corms or tubers and provide energy in
the human diet in the form of carbohydrates. Cassava and
sweet potatoes are root crops while potatoes, arrow root and
yams are tubers. Roots, tubers and plantains are rich in
highly digestible starch and provide more dietary energy per
hectare than cereals. However, they are low in protein and
other nutrients [17].

The main root and tuber crops produced in Africa are
Irish potatoes, sweet potatoes, cassava, yams and cocoyam.
It is estimated that in 2015, the area under Irish potatoes in
Kenya was 147 780 ha which resulted in a production of 2.9
million tonnes valued at US$582 million. Similarly, the
production of sweet potatoes was 967 879 tonnes from an
area of 73 890 ha valued at US$310 million. In 2009, Kenya
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produced 820 000 tonnes of cassava on 70 000 ha.

A. Causes of Post-Harvest Losses

The high moisture content of these crops means that they
are bulky, highly perishable and costly to transport. Poor
harvesting practices and post-harvest handling of roots and
tuber crops are major causes of crop losses. The major
practice is poor handling of harvesting tools which can cut
the root/tuber leading to fungal contamination and
deterioration especially when the harvest is hot consumed or
sold immediately. Moreover, farmers do not have access to
equipment that could help them process more efficiently.

Root and tuber crops are a source of income for many
poor households. Sweet potatoes and cassava particularly
can grow under harsh climatic conditions and provide cash
incomes to households that would not have had anything
else to sell, hence the direct physical loss of the crop and
postharvest deterioration causes a reduction in quality that
results in price discounts and so contributes to economic
losses [18], [19].

B. Processing of Roots and Tubers

Root and tuber crops are generally consumed in their
fresh form in households, institutions and food service
establishments. Their production and consumption are
affected by the availability of other food crops as well as
perception. The perception of cassava as a ‘poor person’s
crop’ and the fear of cyanide poisoning has greatly affected
its status as a staple food crop in the continent. Cases of
death due to consumption of raw or inappropriately
processed roots are frequently reported in the continent. It is
unarguable that cassava contains cyanogenic glycosides
which are converted to toxic hydrocyanic acid when the
cells are ruptured. However, the cyanide content of the roots
can be reduced to non-toxic levels if they are correctly
processed. Hydrocyanic acid is a volatile compound that
evaporates readily at temperatures above 28 °C and
dissolves readily in water. This means that simple
procedures such as shredding, pressing, washing,
fermentation and drying can reduce the cyanide content to
non-toxic levels.

The local machine manufacturers also need to be
challenged to produce more advanced machines such as
flash dryers, extruders, peeling machines, graters, chippers
and hydraulic presses which are expensive to import. It has
been shown that improvements in the processing sector,
such as a shift to mechanical peeling, could help lower
losses in the cassava value chain by about 44 % according
to a recent study by [20].

C. Strategy for Post-Harvest Loss Reduction

The major strategy for reducing post-harvest loss in
Africa is the behavioural approach. This involves the
introduction of the farmers especially the peasant farmers to
the concept of post-harvest loss and prevention techniques.

The greatest constraint to the processing of powders from
the bulky roots and tubers is drying which may take up to 4
days to complete in sun drying. Long drying durations in the
sun often leads to heavy microbial contamination.
Conventional electric tray drying is fast but is inefficient
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and expensive because of the large amounts of water
needing to be removed coupled with the high cost of energy.
This can be ameliorated with an affordable, stable and
sustainable power supply. Renewable energy is a viable
solution to ending the global electricity problem as it
exceeds world electricity demand [21]. Renewable energy
comprises geothermal, solar, oceanic, wind, hydro, biomass
and other energy sources. Solar energy can be converted to
use direct current electricity using solar cells.

D. Post-Harvest Loss Using Solar

The loss of roots and tubers can be minimized by
providing the right environment for storage and
preservation.

Preservation

One of the major ways of preserving roots and tubers is
by drying which involves moisture content reduction in the
roots and tubers. This enhances the shelf life and eases
transportation of the product. It also reduces the space
needed for storage of the crops.

Root and tubers can be dried using open sun drying
or/and solar dryers. Open drying can either be direct sun or
shade drying. Open sun drying is common practice among
subsistence farmers in Africa for preserving agricultural
products, although this method encourages losses in
quantity and quality of the dried crops. It also leads to
contamination of the product due to exposure to dirt, and
infestation from animals.

Electricity powered drying is a major solution to post-
harvest loss reduction. It helps preserve the crop by drying
and improves the quality of the dried product. However, the
unstable and expensive nature of electricity in developing
countries hampers usage of such dryers, especially by
subsistence farmers. With alternate materials being
researched for solar energy, it is possible for developing
countries to be able to benefit from cheap and stable
electricity generated from solar energy.

There are currently four classifications of solar dryer:

1) Sun or natural dryers: The root and tubers are placed
directly under exposed conditions like solar radiation,
ambient air temperature, relative humidity and wind
speed to achieve drying. This tends to contaminate the
dried product.

2) Direct solar dryers: the root and tubers are placed in an
enclosure with transparent covers or side panels. Heat is
generated by absorption of solar radiation on the
product itself as well as the internal surfaces of the
drying chamber. This heat evaporates the moisture from
the drying product and promotes the natural circulation
of drying air.

3) Indirect solar dryers: air is first heated in a solar air
heater and then ducted to the drying chamber to dry the
roots and tubers.

4) Mixed-type solar dryers: This uses the combined action
of the solar radiation incident directly on the root and
tubers and the air pre-heated in the solar air heater
furnishes the energy required for the drying process.
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TABLE |
THE INSTALLED CAPACITY OF SOLAR PV TECHNOLOGY IN A TYPICAL
AFRICA COUNTRY (NIGERIA)

S/n Applications Solar PV Capacity (%)

1. Residential (mostly lighting) 6.9

2. Rural electrification and 3.9
Television

3. Commercial lighting and 3.1
equipment

4. Street, Billboard and another 1.2
lighting

5. All lighting 15.1

6. Industrial 0.4

7. Health centre/clinic 8.7

8. Telecom and radio 23.6

9. Water pumping 52.2
TOTAL 100

Storage

For products that are required in the fresh state, drying is
not an option. Solar powered storehouses or silos are
therefore designed to help preserve them in their harvested
state. This requires a lot of electricity to keep the crop fresh
for the duration required. A breakthrough in low-cost solar
cells and panels will afford the peasant farmers access to
such facilities at a reduced cost.

E. State of Solar PV in Africa

The Sub-Sahara Africa is home to about 85 % of the 1.3
billion people in developing countries without access to
electricity [22] with an estimated electrification rate of 32 %
[23]. About 70% Nigerians still uses unreliable energy
sources [24] with 40 % connected to rationed supply from
the national grid [25] and the rural populace mostly affected
[26]. Electricity access has direct links to clean drinking
water, good health and agricultural activities for rural
dwellers [27], [28].

The lack of electricity has created, and is still responsible
for, high levels of underdevelopment and poverty in rural
areas [29], [30].

The major producers of roots and tubers experience the
highest number of power outages per month with the
longest duration of outage. Nigeria grid supply of electricity
is on the average of 4 hours per day rationed among
inhabitant in the city [31]. Nigeria experiences about 32.8
outages in a month with over 35 hours of outage [32].

About 80 % of Africa experience inefficient and
ineffective electricity supply. Several Africa countries have
below 500 kWh per person per year including countries
where roots and tubers are produced [33]. These figures
were compared with developed, emerging and other
developing countries in Africa. Only two countries (South
Africa and Libya) surpass 2 000 kWh per person per year in
the whole of the continent. This has an attendant effect on
all spheres of the economy of the continent including post-
harvest loss.

The bulk of the continent’s electricity is supplied by
hydro, gas, coal, and diesel. Most of these sources are
seasonal and have an adverse effect on the environment.
The Zambia Electricity Supply Corporation Limited which
metamorphosed into ZESCO Limited in May 1994 supplies

Proceedings of the World Congress on Engineering and Computer Science 2018 Vol I
WCECS 2018, October 23-25, 2018, San Francisco, USA

80 % of Zambia electricity using hydropower. Eskom
(South Africa) has about 27 operational coal power plants,
and produces about 40 % of the total electricity generated in
Africa. In Gabon 1.2 GW is supplied by hydro, gas and
heavy fuel-powered stations. Nigeria had a total installed
electricity capacity of 8 457.6 MW (81 % of total) in early
2014. Thermal power plants (gas-fired plants) dominate the
Nigerian power supply mix alongside hydro. Kenya relies
on geothermal and hydro plants for electricity generation,
although it is also investing currently in coal-fired plants.
These sources are seasonal, being phased out due to their
effect on the environment and high cost of maintenance.
Also, geothermal energy for individual homes is rather
expensive compared to other renewable energy. Exploration
of geothermal energy causes the release of hazardous gases
trapped underneath the earth.

Global prices of solar panels seem to be reduced in
several parts of the world but are still high in Africa. This is
due to several reasons but mainly due to lack of adequate
solar panel production plants in different regions of the
continent. The sun’s power reaching the earth is typically
about 1 000 W/m?. The total amount of energy that the earth
receives daily is 1353 W/m? [34]. The sun is the most
readily and widely available renewable energy source
capable of meeting the energy needs of the whole world. It
can provide more power than any fossil fuel on the planet
[35].

A survey was conducted in the northern part of Nigeria to
show the application distribution of solar photovoltaic (PV)
technology [36]. It shows that domestic water pumping
accounts for 57 %, domestic lighting and rural for 8 9%,
experimental room air conditioning for 1 %, rural clinic
refrigeration of clinic items like vaccines and lighting of the
clinic and surrounding for 24 %, and communications (TV
and radio) for 10 %. This is tabulated in table 1, adapted
from lloeje, [37].

South Africa has the highest PV solar plant installed
capacity in Africa. South Africa has a steady supply of
electricity generated mainly from coal. Africa’s five biggest
solar market are northern countries (Morocco, Algeria 357
mW and Egypt 60 mW), South Africa 1147 mW and Ghana
(275 MW) [38]. Morocco supplies about 650 000 local
people with electricity from their installed 160 MW solar
plants as at February 2016. Although, large-scale solar
projects in Africa are found in the northern countries of the
continent, the major root and tuber producers are in west
and east Africa.

These regions lag behind in terms of installed solar
capacity. Also, they are among the top countries with
unstable and expensive power supply despites the huge
potential abound for solar energy.

F. Challenges

The high cost of implementation of renewable energy
technologies, particularly solar, is the major impediment
militating against their widespread use [39]. The high cost is
not unconnected to the fact that nearly all the parts are
imported from overseas at a very high cost. Most of the
personnel and technologies are sourced abroad [36]. The
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key challenges facing the successful deployment of solar

energy technologies can be grouped into cost, policy,

technical, people and environment. Some of the key
challenges of solar energy in Africa are discussed below.

5) Cost: Cost plays a major role in the life of people and
the success or failure of a technology. Africa is home to
both rich and poor, living in rural and urban areas. The
initial investment in the cost of solar energy
infrastructure is a factor militating against penetration
of solar energy in Africa. The lack of adequate funding
for solar energy development poses a high risk to the
success of solar energy in several countries of Africa.

6) Policy: Most African countries do not have an inclusive
national renewable energy policy. Countries like
Nigeria have never formulated a complete energy
policy, although there are some sub-sectoral policies
that have been formulated. Policy is pivotal for using
energy efficiently and facilitating the development of
solar energy. The nonexistence of suitable policy has, to
a large extent, contributed to the lack of attention to
solar energy.

7) Technical: Lack of technological capability is an issue
in penetration of solar energy in Nigeria. The bulk of
the technologies for solar energy are imported thereby
increasing the high investment cost of solar energy.

8) Cultural and low level of public awareness: There is a
generally low awareness of the economic and
environmental benefit of using solar energy in the
continent. Also, the cultural inclination in some parts of
Africa contributes to the low usage of solar energy,
especially in agricultural related activities. Thus, the
public is not well-equipped to influence the
government. The public needs to be educated so that it
can exert influence and thereby enhance the
development, application, dissemination and diffusion
of renewable energy resources and technologies in the
national energy market.

G. Windows of Opportunity for Solar and reduction of
Post-Harvest Loss of Roots and Tubers

The continent boasts massive solar insolation with over 3
000 hours per year of sunshine and up to 3 600 hours in
desert regions. This can be combined with more research on
alternate materials (metal oxide thin films) and methods to
help speed up penetration of solar energy for reduction of
post-harvest loss. Spray pyrolysis (SPT) and chemical bath
deposition (CBD) are two of the methods that can thrive in
Africa [40]. SPT and CBD require little or no electricity to
perform research in solar cells and solar energy in general.
Further research into affordable, clean and efficient solar
cells can result in more solar technology in the continent.

I1l. CONCLUSION

With the abundant sunlight in Africa, solar technology can
help reduce the post-harvest loss experienced in the
continent especially among the staple crops like roots and
tubers. More investment and research/development is
needed in the development of solar technology starting with
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solar cells and panels production. A reduction in the post-
harvest loss will produce more food to feed the hungry,
improve the standard of living, bring foreign direct
investment and a host of other benefits.
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