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Abstract

Engineering and technology is cardinal to sustainable development. It’s very peremptory for any developing
nation yearning for sustainability and thriving economy to build indigenous capacity as a driving force for
technological breakthrough in major sectors. In a developing country like Nigeria, having the largest population
in Africa and agriculture as one of the sources of income to nearly 60 % of the total population, post-harvest and
storage loss is a major dilemma, which needs to be looked into in due diligence. The major challenge of total
dependant on fossil fuel resources by these technologies, which are depleting very fast and wise use of these
precious resources are preferred for long-term energy sustainability. This paper presents a development of low-
cost hybrid solar dryer for food preservation with the objectives of estimating the percentage moisture uptake at
the end of the drying process. Different levels of drying were reviewed up to the use of solar drying technology
for value addition of agricultural products. The results of the performance evaluation of the dryer show that 150
Kg cassava mesh and 5000 g of tomato with 35% and 94% moisture content, respectively were dried to 100Kg
and 334 g with 10% moisture level for 4 hours and 11 hours respectively, for cassava and tomato. Therefore,
sustainable methods for food preservation are the need of the moment. This paper explains the socio-economic,
environmental and safety benefits of the solar drying to developing nations.
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INTRODUCTION in the developing nation containing fruits, vegetables
Implementation of engineering and technologically and harvested food grain was due to unavailability or
based viable alternatives to transform cardinal sectors  sustainable means of preservation. This resulted in
for wealth creation in the developing nations loss of millions of dollars in the worth of GDP
especially Africa cannot be under estimated. annually (Sanni et al., 2012). Sustainable means of
Sustainable development is an unfolding process food preservation is one of the critical drivers for
which involves making judicious use of available economic development in Africa, most especially in
resources to: create wealth, raise the standard of living  the rural sector (Sanni et al., 2012). Having explored
of people and enhance socio-economic prosperity of  various food preservation techniques like freezing,
individuals in a secured environment. It means the chilling, addition of additives, fermentation and
balancing of economic, social, environmental, and drying, there are recurring challenges of efficiency
technological considerations, as well as the and effectiveness. Of all, drying is one of the most
incorporation of a set of ethical values (CAETS, popular techniques seemingly suitable to all and used
1995). Modern engineering and technological at all levels especially in the rural area. Solar drying
innovations if carefully managed will minimize waste  has been contributing to the control of food spoilage
and maximize values in critical sectors. Sustainability =~ for ages, and if adequately explored, significant
addresses  effectively the equity deficit of conservation of farm produce could be achieved thus,
environmental sustainability (Agyeman, 2004). It is  strengthening the economy of the developing world
pointer to the development of all aspect of human life  appreciably. It is the oldest and an excellent
affecting sustenance, resolving the conflict between indispensable food processing method, especially in
the various competing goals and simultaneous pursuit  northern part of Africa with its peculiar drying-
of economic prosperity, environmental quality and  friendly climatic conditions. The significance of the
safe technology (Hasna, 2007, Daniyan et al., 2014).  paper explains the socio-economic, environmental and
Sustainable development quests for quality life within  safety impacts of the solar drying to developing
the limits of supporting ecosystem (Agyeman et al., nations. A case study developed was described with
2003). its performance evaluation.

Wastage of perishable food items in the developing
countries is very alarming. According to Sanni et al.,
(2012), it was estimated that about 50% of food loses
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Road to Low-Cost Sustainable Drying Technology
in the Developing Countries

Different kinds of drying systems have been and are
still widely used by farmers and processor in West
Africa. Some common ones include open air or sun
drying, cabinet drying while recently emerging ones
are flash dryer, rotary dryer, solar cabinet dryers, and
a combination of solar and indirect heating of the
drying room, which can be described as a hybrid
drying system (Sanni et al., 2012).

Sun Drying

Sun drying as the name connotes is a conventional
practice, whereby foods to be dried are displayed in
the open air under the rays of the sun (Sanni et al.,
2012). It is a food preserving technique that had been
in practice since ages. In open air drying the heat is
supplied by direct absorption of solar radiation to the
materials. The vapour produced is driven away by
natural convection as a result of contact between the
heated material and dry winds. This is a good and
cheap method of drying but due inherent challenges,
which include low quality of dried products as a result
of prolonged and inconsistent drying, coupled with
exposure to contaminants such as dust, insects and
birds. Also consistent drying is not always possible
because it depends on prevailing weather conditions.
However it remains a very cheap method of drying,
since the sun is a free source of energy.

Raised Platforms

Process hygiene is greatly improved in this case.
Instead of spreading produce on open ground, a clean,
firm, smooth raised surface is used such as plastic
sheets, concrete, wood or metal. Where there is
availability of land for the purpose, constructed drying
floors or platform raise above ground level are
utilized. The improvement in hygiene is expressed by
an improvement in drying efficiency arising from the
fact that the materials used to make the floor or
platform absorb solar radiation more efficiently than
clay soil, and thus becomes hotter and transfer more
energy to the produce. This effect is most evident
when metal sheeting such as the flat roof of a building
is used. It partly explains also why many farmers use
the surfaces of adjacent roadways as drying floors,
despite the obvious disadvantages of this practice.

Blackened Surfaces

Mat black surfaces absorb solar radiation more
efficiently than other types of surfaces or materials
(Aravindh and Sreekumar, 2015). The improvement
in this method is seen by the use of such surfaces. It
was tested that the time required to dry cassava chips
on a concrete floor is reduced by about 15% if the
floor is painted black (Sanni et al., 2012, Aravindh
and Sreekumar, 2015). Where plastic sheeting is used
as the surface supporting the bed, black colour is
preferred for this reason.
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Figure 1 Raised Concrete System with Dust Protector.

Source: Sanni et al., (2012)

Mesh Trays

Convectional movement of air around food to be
preserved is further facilitated by drying on mesh
trays rather than on solid platforms (Sanni et al.,
2012). This practice is embraced in Australia, where
some 100,000 tonnes/ annum of dried fruit mainly
grapes are produced by sun-air drying. It is also
widely adopted in Colombia for preservation of coffee
and cassava. The collaborative project of Tropical
Development and Research Institute/International
Centre for Tropical Agriculture in Colombia led to
advancement in the established drying process for
cassava chips (Best, 1979). They are made of plastic
netting (35 holes/cm?) stretched on wooden frames
and supported by wire mesh. The trays are mounted
on bamboo supports at an inclination clove to the
angle of repose for the chips, facing the direction of
the prevailing wind. In practice, the actual angle of
inclination depends to some extent on the wind speed,
and this also determines the quantity of chips which
can be placed on the tray for drying without
intermittent turning. For light winds (up to 1 m/s)
loadings of 10 kg/m? are possible; for steady winds
(over 2 m/s) this can be increased to 16 kg/m® The
time of drying by this method is approximately the
same as that done on a blackened concrete surface
(Sanni et al., 2012). However, for the blackened
concrete surface, loadings cannot be increased above
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approximately 6 kg/m (Sanni et al., 2012). Taken all
costs into account, the tray drying method is found to
be less costly than drying on blackened concrete
(Best, 1979). Drying on trays is essentially a wind
assisted drying method, where wind conditions are
favourable, appreciable drying occurs even at night
for cassava chips and spread at sun set. This effect
does not occur to any significant extent for chips
spread overnight on blackened concrete surfaces.

Solar Drying

Solar drying is an improvement on sun drying which
harnesses the solar radiation and other mechanisms
instead of the direct incidence on crop without a
barrier (Aravindh and Sreekumar, 2015). It has some
comparative merits such that the process is faster with
little or no contamination since there is no direct
exposure to the air. Its labour saving, the quality of
the product is better preserved in term of hygiene and
heat can be stored for further drying during the night
(Sanni et al., 2012; Aravindh and Sreekumar, 2015).
The structure can be very basic e.g. a box frame
covered with plastic sheeting.

However, usage of solar drying is reduced in the
developing countries due to cost. The initial capital
outlay may be too high for small scale processors
especially where there is little or no available loan.
The dryers are often too complex to handle and so
require expertise in management. As reported by
Bechoff (2010), when compared to sun and shade
dryers, a solar dryer is a more controlled system
because the product is placed in an enclosed space.
Air heated by solar radiation has a higher efficiency
for drying food because humidity is low. Therefore
solar drying is a more appropriate alternative than sun
drying when the humidity is high. With optimised
ventilation, solar drying is faster than sun drying. The
simplest of these is the tent dryer.
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Figure 3 Tent Dryer
Source: Intermediate Technology Development Group
ITDG (1988)

BENEFITS OF SOLAR DRYING
Safety and Environmental Benefits
Solar reduces Air Pollution: harmful carbon (ii) oxide
and methane release from fossil fuel and other

conventional energy sources are major contributors to
global warming and depreciate air quality (Kyle,
2015). Generation of electricity via solar panels
produces no green house gasses in anyway. According
to Kyle (2015), the capacity of solar panel installed
across the United States is expected to reduce the
emission of carbon dioxide by 16.8 million metric
tons annually, thus mitigating the human impact of
climatic change.

Solar reduces Water Pollution; one of the greatest but
least recognized environmental benefits of solar is the
fact that solar photo voltaic cells never required water
to generate electricity unlike most manufacturing
processes do. Traditional biomass and geothermal
power plants such as natural gas and coal mine
facilities require massive amount of water to enhance
their important cooling requirements, thus causing
water pollution and straining local supplies through
the competitions with agriculture, drinking systems
and other important water needs.

Solar reduces need for Finite Resources: the sun as the
world’s most abundant source of energy, producing an
amazing 173,000 tetrawatts of solar energy per
second, equivalent to 10,000 times the world’s total
combined energy use, and can be recycled, thus
makes solar energy a renewable (Kyle, 2015). Unlike
fossil fuels, which are non-renewable and the cost of
discovering and extracting these sources are always
increasing expensive thus causing damage to our
financial infrastructure and environment (Kyle, 2015).

Socio-Economic Benefits

According to EIA residential energy consumption
survey (EIA, 2001), the average US house hold
electricity consumption is about 10,000kwh per year.
This demand cannot be met, if the sources of
electricity are limited to the traditional sources due to
cost of installation and maintenance. Application of
photo voltaic generation which is less in terms or cost
and maintenance can easily be a good substitute. The
savings accrue from going off-grid can easily be
invested in other project (Julia, 2014). Also
considering the economic back ground of some
developing countries especially in Africa, there are
many areas, mountains and islands which do not
receive power owing to their remote location. Solar
power is surely a blessing in disguise for these areas
(Julia, 2014). Solar power has the capacity to save
anyone who uses it money. According to Sun work
article on solar (2016), average savings range from
$20,000 to over $60,000 across two decades in
America. More jobs are created, thereby boasting the
GDP of countries investing in solar energy. Sun work
article (2016) stated that employment in solar power
industries grew over 20% between 2013 and 2014.
Also according to SEIA report (2010) through Sun
work, the growth in solar jobs is speeding at a rate 10
times faster than jobs throughout the rest of the
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economy. The state of Missouri has added 3,700 jobs
at an average of $18 an hour in solar energy since
2005.

Population growth is another socio-economic benefit
of solar energy development. Rapid population
growth is a common experience in rural towns near
new resources extraction facilities (Julia, 2014). When
an area’s labour pool is inadequate for an existing
energy project, outside labour will likely move to the
area to fill the gap. Town with larger population and
developed services will likely experience greater rate
of population growth than areas without developed
services (Julia, 2014). Generally, such towns may see
their population grow as much as 10-15% annually
(Julia, 2014). With the influx of new individuals,
secondary industries in the town may also begin to
grow, more individuals will move to the area to fill
these secondary positions (Julia, 2014).

Case Study: Development of Low-Cost Hybrid
Solar House Dryer

Study Site

Ogun is a state in south western part of Nigeria
created in 1976. It borders Lagos state in south, Oyo
and Osun states to the north, Ondo to the east and
Republic of Benin to the west. It is located on the map
with coordinates 7°N, 3° 35°°E with a total population
of 3,751,140 (Census, 2006b). It has land mass of
16,980.55 km? and total GDP/Capital of $2,740.

An adequate drying system remains a critical factor
for the development of food preservation systems in
Nigeria, most especially in the rural communities. As
part of the contributions toward improving drying
technology in Nigeria, development of a hybrid solar
drying system was initiated. The dryer was installed
in Olokola Farm in Obafemi-Owode Local
Government of Ogun-State, Nigeria purposely for
drying of mash cassava tubers for conversion to other
products like Laafun or Starch and also other
perishable edibles.

Project Description

The design, which is a combination of solar and
indirect heating of the drying chamber, consists of a
drying building roofed with white plastics while the
inside contains drying trays on raised platforms. The
dryer utilizes solar energy during the day while heat is
supplied via the chamber in the evening to continue
drying, if necessary. The heating chamber was made
of hollow drum inserted from outside of the chamber.
The highest drying temperature attained was 65°C
with a drying rate of 100-160 kg wet mash/day and an
average final moisture content of 10 %. The
processors now have opportunity of drying their
products any time of the day with less dependence on
use of firewood. Wide range of products could be
dried hygienically using this drying facility within
some hours with little or no quality loss.
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DESIGN CONSIDERATION

Design of the House Dryer

The dryer consist of four parts, the drying chamber
which was built into a brickwork measuring 6.8m by
6.8m with 4 sides but without window. Netted
openings serve as vent holes (lower and upper) for
moisture to escape and allow natural air movement in
the dryer. The plastic polycarbonate material serves
dual purpose as roof and solar radiator. Two metal
drums cemented to the back wall and protruding
inside the drying chambers serving as a means for
radiating heat into the drying chamber. Two options
were considered on how to place the products; a rack
system or a raised metal platform. The raised platform
option was selected and the drying surface was made
of stainless steel top with metal angle iron as stands,
the drying surface also doubles as energy receptor as
the surface is heated, heat is retained and transferred
unto the product to be dried which is spread thinly on
it.

Design of the Drying Chamber
The following are the major design parameters of the
drying chamber (Garg and Prakash, 1997).

1. Quantity of product to be dried per batch or
day and size of the drying cabinet to hold the
material

2. Capacity of the dryer (kg/batch)

3. System for loading and unloading the
material

4. Materials for dryer cabinet and tray
construction

5. Arrangement to pass hot air through the
material to be dried

6. Effective circulation and recirculation of hot
air through the dryer

7. Vent through which the warm moist air to

remove from the drying chamber.

Thermodynamics of drying within Chamber

The quantity of air required for drying a specified
mass of the product can be evaluated by the following
two methods:

The psychrometric chart

The capacity of air for moisture removal depends on
its humidity and temperature. The study of
relationship between air and its associated water is
called psychrometry. On the psychrometric chart,
various thermodynamic properties of moist air such as
vapour pressure, relative humidity, humidity ratio, dry
bulb temperature, wet bulb temperature, dew point
temperature, enthalpy and specific volume can be
estimated. When any two of the three temperatures are
known, i.e. dry bulb, wet bulb or dew point, all other
properties can be determined from the psychrometric
chart. In the psychrometric chart, humidity ratio is the
ordinate and dry bulb temperature is the abscissa. The
upper curve of the chart is labelled wet bulb and dew
point temperatures. The other curves on the
psychrometric chart that are similar in shape to the
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wet bulb lines are lines of constant relative humidity
(%). The straight lines sloping gently downward to
the right are lines of constant wet bulb temperature.
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Figure 4 Psychrometric Chart
Source: Aravindh and Sreekumar, 2015

Energy Balance Equation
The energy balance is an equation that expresses the
following idea mathematically:

The energy available from the air passing through the
Product inside the dryer should be equal to the energy
needed to evaporate the moisture content. The
removal of water from a surface by evaporation
requires an amount of heat equal to the latent heat of
evaporation of water plus a current of air moving over
the surface to carry away the water vapour produced.
Hence, the task in solar dryer is to calculate and then
achieve optimum temperature, T; and air flow, m, to
remove the specified amount of water, m,,. Therefore
we have

mez(TF _Ti)man 1

Where m,, is the water evaporated, L is the latent heat
of vapourization, ma is the mass of air circulated, C,
is the specific heat capacity of dry air and Ty, T; are the
final and initial temperatures respectively.
Consequently, the volume of air can be determined
using gas laws:

o (m)Em) :
m, {m JLP
Therefore, V,;, = maFlfT : 3

Where mw, the amount of water evaporated can be
read from moisture ratio scale or can be calculated
from the energy balance equation. Because the vapour
pressure of bound water in hygroscopic material is

The interaction of a dry bulb and a wet bulb line gives
the state of the air for a given moisture content and
relative humidity.
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less than saturation, the effect of bound water is also
to be taken into account. Again, the latent heat value
should be chosen to correspond to a very low vapour
pressure. The equations can be employed for
evaluating various parameters as mentioned above.
Here, these are made use of in calculating the quantity
of air needed for drying (ma) for various materials to
be dried (Tiwari, 2002).

Table 1 Initial and Final Moisture Content and the
Maximum Recommended Drying Temperature for
Different Products

Products | Moisture Content (%) Maximum
Initial Final Drying
Moisture | Moisture | Temperature

(0C)

Maize 35 15 60

Carrots 70 5 75

Wheat 20 16 50

Onions 80 4 55

Potato 75 13 75

Fish 75 15 50

Banana 80 15 70

Coffee 50 11 75

Cotton 50 7 75

Ground 40 9 30

nut

Leather 50 18 35

Fabrics 50 8 75
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Source: Aravindh and Sreekumar, 2015
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Figure 5 Design of the Drying Chamber

Performance Evaluation of the Hybrid Dryer
The following criteria were taken to consideration in
the evaluation of the dryer:

1. Direct method of trapping solar energy

2. Drying temperature between 50°C - 70°C

3. Alternative method of heating

4. Wind direction.

A no load test to determine the heat gradient of the
pilot dryer was performed on the 15th of January
2016 and the temperature was logged at 20 minutes
interval using a Hob data logging device, it was
positioned on the stainless steel drying surface. A
temperature of 65°C was the highest temperature
achieved, which is within the design consideration
temperature ideal for drying cassava and some other
edible products.

5000g of fresh tomatoes and150kg of pulverised
cassava mash with a moisture content of about 94%
wet basis and 35%wet basis respectively were loaded
into the dryer at about 8:05 AM and 12.05 PM to
achieve a targeted 10% moisture content
simultaneously. The moisture content of the products
was measured with a moisture meter at the interval of
twenty minutes. The energy utilized for the drying
was derived from the solar rays from the sun and
addition heat from the drying chamber. 100kg dry
weight of cassava was weighed after drying time of 4
hours, while 334g dry weight of tomatoes was
weighed after drying time of 11 hours at the targeted
moisture content of 10% for both products.
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Figure 6 Drying House with Plastic Roof and Heating
Chamber
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Results of the Performance Evaluation
Table 2 Summary of Drying Process of Cassava
Products

) ) mass

Drying  Drying  Mass on mass

Temp Time onWb Db of 9% moisture Y%moistur

(°C) (Min) (Kg) (Kg) H.O retained e uptake
60 12:05 150.00 97.00 52.50 35.00 0.00
62 12:25 146.50 97.00 49.10 32.70 2.30
62 12:45 142.00 97.00 44.50 30.40 2.30
65 13:05 136.40 97.00 38.90 27.40 3.00
65 13:25 130.70  97.00 33.28 24.40 3.00
65 13:45 124.80  97.00 27.59 21.10 3.30
65 14:05 11996  97.00 22.58 18.10 3.00
63 14:25 11550  97.00 18.00 15.10 3.00
64 14:45 11260 97.00  15.00 12.60 2.50
64 15:05 109.80  97.00 12.40 11.10 1.50
63 15:25 109.00 97.00 12.10 10.60 0.50
64 15:45 107.00  97.00  10.90 10.20 0.40
60 16:05 100.00  97.00 3.00 10.00 0.20
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Table 3 Summary of

Drying Process of Tomato

Products
Drying Drying Mass Mass
Temp Time on Wb onDb  Mass %moisture | %moisture
(Min) (9) (9) of H,O retained uptake
31 08:05 5000.00 300.00 4700.00 94.00 0.00
31 08:25 4940.00 300.00  4640.00 92.80 1.20
33 08:45  4825.04 300.00 4525.00 91.60 1.20
34 09:05 464254 300.00 4342.54 90.10 150
36 09:25 4399.36  300.00  4099.36 88.30 1.80
36 09:45 410544 300.00 3805.45 86.50 1.80
40 10:05 3752.68  300.00 3452.68 84.10 2.40
42 10:25  3365.94  300.00 3065.94 81.70 2.40
43 10:45  2969.19  300.00 2669.19 79.30 2.40
48 11:05 2565.49  300.00 2265.49 76.30 3.00
52 11:25  2167.67 300.00 1867.68 72.80 3.50
55 11:45  1826.05 300.00 1526.04 70.40 2.40
60 12:05 1534.41  300.00 1234.41 67.60 2.80
62 12:25 129430  300.00 994.30 64.80 2.80
62 12:45  1102.46  300.00 802.47 62.00 2.80
65 13:05 942.73  300.00 642.73 58.30 3.70
65 13:25 814.73  300.00 514.73 54.60 3.70
65 13:45 71470 300.00 414.70 50.90 3.70
65 14:05 637.91  300.00 337.34 47.20 3.70
63 14:25 583.68  300.00 283.23 44.40 2.80
64 14:45 542.81  300.00 242.81 41.60 2.80
64 15:05 511.15  300.00 211.15 38.90 2.70
63 15:25 486.06  300.00 186.06 36.40 2.50
64 15:45 464.77  300.00 164.77 33.90 2.50
60 16:05 446.40  300.00 146.40 31.50 2.40
58 16:25 429.95  300.00 129.90 29.10 2.40
55 16:45 41522 300.00 115.23 26.80 2.30
42 17:05 401.73  300.00 101.73 24.50 2.30
42 17:25 389.18  300.00 89.18 22.20 2.30
40 17:45 378.62  300.00 78.62 20.20 2.00
33 18:05 369.67  300.00 69.67 18.40 1.80
33 18:25 361.36  300.00 61.36 16.60 1.80
34 18:45 353.84  300.00 53.84 14.90 1.70
34 19:05 346.71  300.00 46.71 13.20 1.70
34 19:25 339.87  300.00 39.87 11.50 1.70
34 19:45 333.99  300.00 33.99 10.00 1.50
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Solar Drying Profile for Cassava Product
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Figure 8 Drying Profile for Cassava Product

Solar Drying Profile for Tomato Product
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Figure 9 Drying Profile for Tomato Product

Moisture Uptake Profile for Casava
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Figure 10 Moisture Uptake for Cassava Product
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Moisture Uptake Profile for Tomato
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Figure 11 Moisture Uptake for Tomato Product

DISCUSSION OF RESULTS

Figure 8 and 9 show the drying profiles for cassava
and tomato products. These were responses of the
products to drying temperature of the dryer per time.
In figure 8, the drying of cassava started at 12:05 pm
in the mid-day at the drying temperature of 60°C.
Between the periods of 12:05-1:05 pm, the drying
temperature  steadily increases to 65°C. The
temperature was very high at these periods as a result
of combination of heat from the drying chamber and
solar energy. A steady drying temperature was
observed at 65°C for about an hour during the course
of the drying process. The temperature flunctuately
dropped between 64 and 63°C at 2:25 to 3:45 pm,
which finally dropped to 60°C at 4:05 pm. The
flunctuating drop in the drying temperature was due to
drop in solar energy.

In figure 9, the drying process for tomato commenced
at 8:05 am with drying temperature of 31°C. The
drying temperature was very low at this period due to
only heat from the drying chamber was available for
the drying process. A steady increase in the drying
temperature was observed from 31 to 65°C between
8:05 till 1:05 pm. This was due to the fact that solar
energy was gradually been introduced into the drying
process. A steady drying temperature was observed at
65°C for about an hour during the course of the drying
process. The drying temperature steadily falls from
65°C to 34°C at 2:25 pm down till the end of the
drying process at about 7:45 pm. This could be traced
to the decrease in solar energy, thus limiting the
drying process to the heat from the drying chamber.

Figure 10 and 11 show the rate of moisture uptake of
cassava and tomato products respectively. In figure
5b, there was a steady increase in the percentage
moisture uptake of cassava up to the tune of 3% from
the start to about 2 hours into the drying process. At
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that time, 79% of the moisture had been vaporised.
This is achievable due to the fact that the dryer was
operating at the maximum design temperature of
65°C. The percentage moisture uptake was gradually
reducing thereafter until the 10% targeted moisture
level was achieved. In figure 11, steady rate of
moisture uptake was also observed at the initial stage
to a tune of 3.5% within 4 hours of the drying process.
A sharp decrease from 3.5% to 2.4% in the rate of
moisture uptake was observed during the process due
to misbehavior in the material used in the combustion
chamber thereafter was an increase to the tune of
3.7% moisture uptake. At that time, 56% of the
moisture had been vaporised. The rate of moisture
uptake was observed to decrease until the targeted
10% moisture level was achieved.

Functionality

The climatic condition when the dryer was put to test
had a direct influence on the drying time experienced
as it was during the dry season. The air flow rate was
aided by the natural wind direction which was
considered in locating the vents. The inflow of air
aided the moisture removal as the hot dry air rises,
transporting moisture in its path out through the upper
vent holes. The drying source was mainly via the free
energy from the sun. As in the case of tomato when
the drying extended to evening, the energy from the
heating chamber was utilized. Little quantity of
firewood was required as compared to when the
drying is done solely by firewood. This hybrid drying
system is simple and effective design, adoptable at
village farm level. It is a cheap alternative compare to
expensive dryers such as the flash dryers and rotary
dryers that relies on diesel for operation. Because of
different temperature spread in the drying chamber
especially when the metal drum heat exchanger option
is used to complete drying, manual agitation is
required.

Table 4 Summary of the Performance Test for the
Hybrid Solar Dryer

Table 5 Bill of Engineering Material and Evaluation
of the Hybrid Dryer

Unit Estimated | Estimated
SIN | items Quantity | Cost Cost (N) Cost (3)

1 | Cement 80 bags 1500 120,000 286
Transparent Plastic

2 | Material (Roof) 30 | 3,000 90,000 214
Moulded Bricks (6

3 | inches) 100 1000 100,000 238

4 | Net 2 200 400 1

5 | Metal Drum 3 | 10,000 30,000 71
Planks (Softwood,

6 | 1x12x12) 20 1400 28,000 67

7 | Planks for Ceiling) 20 800 16,000 38

8 | Nails 10,000 24

9 | Stainless Steel 2 sheets | 50,000 100,000 238

10 | Gravels (25 tons) 1 | 30,000 30,000 71

11 | Sand (25 tons) 2 | 15,000 30,000 71

12 | Paint/Accessories 20,000 48

Labour

13 | (Carpenter/Bricklayer) 50,000 119

14 | Transportation to site 20,000 48

Total 644,400 1534

S/IN Parameters Values
Maximum Temperature

1 Obtained 65°C

2 | Light Transmission Capacity 90%

3 Velocity of Air 0.1m/s

4 Final Moisture Content 10%
Mass of Cassava after

5 Drying 100Kg

6 | Mass of Tomato after Drying | 3349
Maximum Loaded Capacity | 250 Kg

$1 is equivalent to N420

Appropriateness

The dryer seems appropriate in Africa to meet the
need of the rural processors not just for cassava
drying, but any other related food commodity. The
hybrid dryer can effectively be utilized by rural
processors in solving challenges mostly experienced
concerning unavailability of electricity supply. More
so, the quality of the product is preserved. The shelf
life of the dried product from the hybrid dryer has
been determined to be above 6 months. Other kinds of
solar dryer in other West Africa countries did not
match with the solar hybrid dryer on the basis of the
maximum temperature achieved. The adoption of this
technology in rural areas can go a long way to reduce
post harvest losses being experienced during wet
seasons and product quality is also improved.

LIMITATIONS
1. Little or no control on the sources of heat
made available in the dryer
2. Air flow rate over the product is not
consistent

CONCLUSION

Solar drying is a promising technology for drying of
food products for developing country like Nigeria,
where solar energy is abundant. This can dramatically
reduce the post-harvest food spoilage which is a major
concern in the country. Despite drying condition
varies from one product to another, a dryer may be
design to accommodate different products with good
control parameters such as temperature and the mass
flow rate. The performance evaluation of the case
study shows a successful design and an evidence of a
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proven sustainable technology that should be given
wider publicity.

FUTURE INNOVATIONS
Due to deforestation challenges and global quest for
renewable energy, investigation has begun on Gari
fryer that uses Photovoltaic solar power, stored in
deep cell batteries, which can power a set of DC
(direct current) heater elements bolted underneath a
stainless steel fryer. The investigations further into the
scope of photovoltaic technology in drying cassava
and roasting the product as well. The objectives of the
study as defined by the investigator are to consider the
feasibility of producing a cassava roaster that;

i operates principally using solar energy

ii.  an hybrid-design that can use conventional
fuel (e.g. minimal use of wood)
roasts at a temperature of between 90°C -
100°C

iv.  will take no longer than 2 hours to reach
roasting temperature from cold
V. will be able to roast continuously for up to 8
hours
vi. has a roasting area of 1m?, in an aluminum
material
REFERENCES

Agyeman, J., Bullard, R. D. and Evans, B. (2003).
Just Sustainabilities: Development in an
Unequal World, Cambridge, MA, USA, MIT
Press.

Agyeman, J. (2004). Sustainable Communities and
the Challenges of Environmental Justice.
New York, USA. New York University Press
pp. 12- 44.

Aravindh, M. A and Sreekumar, A., (2015). Solar
Drying- A sustainable way of Food
Processing. Green Energy and Technology.
Pp. 1-21.

Bechoff, A. (2010). Investigating Carotenoid Loss
after Drying and Storage of Orange-Fleshed
Sweet Potato. A Thesis Submitted in Partial
Fulfillment of the requirements of the
University of Greenwich for the Degree of
Doctor of Philosophy, Pp222.

Best, R. (1979). Cassava Drying. Cali, Colombia:

Centro International de Agricultura Tropical.

p. 24

of Academies of Engineering and

Technological Sciences (1995).The role of

Technology in Environmentally Sustainable

Development. Kiruna, Sweden.

Daniyan, I. A., Daniyan, O. L., Adeodu, A. O., and
Aribidara, A. A. (2014). Towards
Sustainable Development in the Third
World: Design of Large Scale Bio-Diesel
Plant. Journal of Bioprocessing and
Chemical Engineering. Vol. 1, Issue 1. Pp 1-
9

Council

78

Garg, H. P and Prakash, J. (1997). Solar energy-
fundamentals and  applications. Tata
McGraw-Hill Publishing Company Ltd.
ISBN 0-07-463631-6

Hasna, A. M. (2007). Dimensions of Sustainability.
Journal of Engineering for Sustainable
Development. Energy, Environment and
Health. 2(1)45-57.

Intermediate Technology Development Group (1988).
Fish Processing. United Nation Development
Fund for Women. Food Cycle Technology
Source book, Vol. 4, pp 1-99

Julia Young (2014). The Socio-Economic Benefits of
Solar Energy. Energt Centra Article.
www.energycentral.com/socio-economic-
benefits-solar-energy

KyleRitland (2013). Environmental Benefits of Solar
Energy.  www.svssolution.com/blog/three-
environmental-benefits-solar-energy

Sani, L. O., Onadipe, P. and Alenkhe, E. B., (2012).
Low-Cost Sustainable Cassava Drying
Technologies in West Africa. ITA Project
Report. PP28

Sunwork (2016). Economic Benefit of Solar Power.
Gazette on Power. Article 1.

Tiwari, G. N. (2002). Solar Energy: Fundamentals,
Design, Modeling and Applications. Alpha
Science International. ISBN 1842651064,
9781842651063

www.seia.org/.../us-solar-energy-industry-
experiences-record-breaking-growth-2010

www.eia.gov/consumption/residential/data/2001/
www.population.gov.ng/census2006b


http://www.energycentral.com/socio-economic-benefits-solar-energy
http://www.energycentral.com/socio-economic-benefits-solar-energy
http://www.svssolution.com/blog/three-environmental-benefits-solar-energy
http://www.svssolution.com/blog/three-environmental-benefits-solar-energy
http://www.seia.org/.../us-solar-energy-industry-experiences-record-breaking-growth-2010
http://www.seia.org/.../us-solar-energy-industry-experiences-record-breaking-growth-2010
http://www.eia.gov/consumption/residential/data/2001/
http://www.population.gov.ng/census2006b

