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ABSTRACT

A critical review of solar drying relevant to countries in Africa 1s presented 1n
this paper, pointing out achievements and failures, and explanations why they
may have occured., Available technical information suggests that solar drying
technologies are available for a range of foodstuffs, but they need to be adapted
to the local environment. Several technologies that may be suitable for rurdl and
industrial uses are reviewed. The greatest challenge is concerned with
technologies for rural farmers who at present hive very little income to acquire
improved solar drying technologies. It is argued that solar drying has not yet
taken hold in the agricultural sector due to several reasons such as the
orientation of research and development workers, promoters of related
technologies, and lack of favorable national policies. Some guidelines that can be
used for developing and ensuring the effective use of solar dryers are presented.

Special Technical Paper. Nigertan Solar Energy Forum for 1989 (NASEF'39),

L}imversny of Nigeria, Nsukka, Nigeria, May 17-20, 1939. Solar Energy Society of
igeria.

I . e ; P
fa /’( ~v L‘(W/CI/ G "'\/"' /‘(ﬁ’ﬁf AvANY iy e - /'l,u

M. W,

’,(,}"\C, T Pl m‘J (7

{/ I {

Bassey

1. INTRODUCTION
1.4 Traditional Drying and Losses

The use of the sun to preserve foodstuffs 1s perhaps the oldest method of food
preservation Known to man. Open air sun drying 1s practiced by the magority of
people in developing countries, where other forms of @nergy are expensive to use
or are unavailable. Traditional methods, which consist mainly of spreading the
commodity on the ground or on some other surface, are Known to cause several
losses due to:

(a) contamination by dust, rodents and other animals;

(b) infestation by insects:

c) the growth of molds and development of toxins;

(d) inappropriate drying rates:

e) soaking by rain;

(f) theft and vandalism.

Since agriculture is the main preoccupation of rurial dwellers who account for over
80% of the population in many African countries, and since foodstuffs need to be
conserved at the farm level, drying is considered an important factor in achieving
food security in many countries. However, due to certain inadequacies of
traditiomal drying, there are besides the losses in weight of agricultural
products, losses in their Qquality, due to health hazards such as aflatoxins.
Losses in the nutritional quality of dried products is another important
consideration in traditional drying.

Many efforts have been made to improve solar drying in developing countries. In
Africa, very little success has been achieved in using improved solar dryers ONn a
meaningful scale, due to technical, social and economic constraints. Work however
continues unabated to develop dryers that can reduce losses and improve the
quality of dried foodstuffs,

1.2 Aim of Paper

The main purpose of this paper 1is to present a framework for solar drying
research and development based on lessons learned from previous work, It is
intended to present a critical review of the general literature pertaining to the
rural environment of Africa where the mayprity of drying activities take place,
An attempt will be made to show the importance of integrating problem
identification, technology development, social, economic and political issues,
within the general framework of a campaign to successfully implement improved
dryers. The analysis and discussions will be limited to solar food drying
technologies such as natural flow dryers that have the greatest potential of
béing Used in the near futyre in The poorer rural areas of Africd. As & result,
dryers ¥RV predominantly use fuels such as wood and Oil, will not be, treated in
this paper.
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2. SOMR COMMODITIES THAT NEED DRYINO

Drying meeds of a given country depend on the types of commodities being
produced for local consumption as well as for export. Table | shows the range of
commodities that require drying in some countries in A¢rica, consisting of
foodstuffs such as cereals, vegetables, fruits, fish and meat, spices, grain
legumes, roots, tubers, and cash crops for export. In semi-arid regions, where
ambient temperatures are high and relative humidities are low during a
significant portion of the year, drying of some staple foodstuffs such as sorghum,
mtllet and maize can be satisfactorily achieved by traditional open air methods.
Nevertheless, even in these regions, the relative humidity during certain periods
create conditicns that 2hcourage the Jevelopment of toxic molds. In the more
humid coastal reqlons, drying of cereals, which are staples for many, is more
difficult. For example 1n Mauritius, maize can only be dried to a moisture content
of about 1S to 16 percent. iy sun drying; artificial methods are needed to dry the
(rop to a4 safe moisture content of 12% (13,

Losses associated with sun drying of some cereals are substantial. In Sierra
Leone, for example, studies have shown that the combined losses incurred during
field drying and drying after threshing rice can be as high as 13%. Such losses
are mainly due to the lack of other drying methods which would permit early
harvest of the crop at a higher moisture content.

Leafy vegetables are eaten in many countries and contribute substantially to the
protein intake of the populations, Due to their seasonality, it is desirable to dry
them for safe storage. Sun drying is 1nadequate in many instances due to poor
hygienic conditions and the poor quality of the product. In some cases some of
these leafy vegetables are exported for comsumption by africans living outside
Africa. The grower can derive substantial benefits by adopting improvements to
traditional methods.

In countries, e.9. Nigeria, where root and tubers are consumed, there is an
1ncreasing need to dry commodities such as cassava and yam, before transforming
them into flour. Advantages of processing are many; the shelf life of the crop is
lenghtened, food preparation is made easier for women, and prices may be more
stable since there is less risk associated to storage. Plantain, which is an
important staple in countries such as Cameroon and Cote D’Ivoire, can be
conserved for longer periods by drying. Losses due to its rapid deterioration in
Quality after harvest is about 40% in Cote D'lvoire.

Fruit production is very high in many African countries. Unfortunately large
quantities become spoilt due to the inexisterce of adequate post-harvest
facilities; transportation facilities are 1nadequate, refrigeration systems are
generally not available due to high capital costs and lack of reliable electricity
supply, traditional sun drying generally does not give products of acceptable
organoleptic and nutritional quality.
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Table 1. The range of commodities that need drying in some countries of
Africa.
Countrv Commodities
Nigeria Millet, maize, soghum, rice, sorabeans, cowpeas,
jroundnut, cassava, yam, potaotes, onions, tomatoes,
FEpper, 23usi ‘melon seeds).
Sierra Leone Rice, coffee, €dcao, groundnuts, sorghym, millet,

Timercon

Senegal

Gambia

Kenya

Mali

Mauritius

Niger

Togo

beans, marze, sesame seeds, pepper, okra, cassava,
29usiy prassava, figh, D

Coffee, cacao, maize, tobacco, roundnut,  sorghym,
plantain, leafy vegetables, 2qusi,

Millet, sorghum, maize, rice, cowpeas, fish,
sroundnut, tomatces, anions, mangoes.

Fishy millet,

Maize, cassava, peas, beans, onions, pepper, tobacco,
prrethrum, tea.

Millet, sorghum, groundnyts, tobacco, onitons, pepper,
okra, tomatoes, fish, meat,

Maize, rice, onions, groundnuts, 9inger, beans, peas,
tumeric, chillies, coffee.

Onions, tomatoes, cucumber, okra, meat,

Ma

Zzey fish, okra, Y3am, cassava.




Vegetables U’L incredasingly being dried in many countries by ryral populations.
In Sahelian cauntries for example, vegetables are abundantly grown during the
dry months, there is very little production during the rest of the year,
resulting in malnutrition and related health problems. In these countries, women
in villages dry some vegetables such as, tomatoes and onjons, which are used
during the difficult periods. These activities are considered to be very desirable
but the main c?nstrnnt 18 the lack of appropriate drying systems.

Fish is widely'sun-dried. It is processed in some countries by fermentation and
drying, .. in'Senegal and Mauritania. However, due to unsanitary conditions of
drying, the fish is usuall, infested with 1rsects which tivse losses In welght of
up. to about 40%, not to mention the associated health hazards. In addition the
‘fish processors are paid less for the Kilo due to the poorer quality of this
product. In countries e.9., Mali, Guinea and Sierra Leone, where fish 1s
smoke-dried, it is often necessary to further reduce 1ts moisture content too
icceptible levels to mimmize the possibility of insect infestation and spoilage

during storage. Better quality processed fish can thus be obtained by improved
solar grying techniques.

Preservation of meat is carried out by e1ther slicing it into small thin pieces
followed by sun drying (as dane in Niger), or by smoke-drying bigger chunks (as is
the case in Nigeria).

!
Crops for export, such as cacao, coffee, ginger, pyrethrum, and tobacco, all need
to be carefully, dried in order to meet international standards. Some losses are

presently being experienced by farmers due to the use of inadequate drying
techniques,

3. DRYING CONDITIONS FOR CROPS

One of the factors responsible for the slow pace of adoption of improved solar
drying is the difficulty of designing dryers which can be used for various crops:
since each crop has its optimum drying conditions, Typical drying requirements
for various crops such as their initial moisture contents, desired final moisture

contents, maximum drying temperatures and the basic pre-tredtment required are
shown in Table 2.

This table indicates the wide range of initial and final moisture contents of the
virious crops and the relative order of magnitudes of drying temperatures.
Immediately obvious is the lower range of drying temperatures for cereals
compared to those for vegetables. Initial moisture contents for ceredl grains are
substantially lower than those for vegetables. Final moisture conmtents for
vegetables are lower compired to those far grains. These differences are partly
responsible fon difficulties experienced in ceveloping cheap dryers that can be
used for a wide range of crops.
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Table 2. Drying requirements for various crops (Based on [2] -2 (3D,

Moisture Content ) Orying.
Temperature

Commodi ty Inttiatl Final O Pre-treatment
Bl Ttaw H 3i-<° <
Yotz oparoo T2l i -7 2arcii g
RETIN 12-19 40-37 <
Moilet 14 --- <
Green peas S 45 blanching
Inions, garlic 1 3% slicing
Carrots 5 TS slice’blanch
drzen heans A 9 79 Stanching
Irish potatoes oS 13 70 stcfng
Sweet potatces ~S ? 75 sl‘Cfng
Cassava L2 17 78 slicing
Banana 30 15 70 sticing
Leafy vegetables 20 10 --- *
Peppers --- 5 6% *
Guavas --- 7 45 *
Coffee 50 11 --- fermentation
Cacao 30 7 --- fermentation
Cotton Seed --- 3 --- *
Copra 30 5 --- *
Sroundnut Eh) 9 - *

Moisture content is in

--- Information not avaitable.

« Not applicable.
MHote: Initial moisture
conditions.

contents given may

vary depending On agronomic
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In general it is necessary to understand the physical and biochemical
characteristics of the crops being dried, There are some gaps in the literature
regarding crops grown ir Africa. Optimum drying temperatures, pre-treatment
required, physical characteristics of the crop and its optimal drying rate,
nutritional advantiges and disadvantages of drying, all need to be carefully
studied and documented ¢or 1mpmortanmt crops. Collaboration between food
ccientists, techrelogists and ergireers 1s therefore rececsary to obtain efficent
drying systems.

4. STUDIES ON SOLAR DRYING

4.1 Scope and Interest

A review of the literatire ~2.24ls *hat a significant rumter of work relevant to
the African situation on small- to medium-sized farms have been carried out.
Howevers the author feels that adequate efforts have not been made to tackle
impartant aspects of sclar Zrving that are crucial to 1ts successful development
and 1mplementation 1n Adrica, Unrlike other fields cf zolar energy, solar drying
does not appear to ra.e receised adequate 1n-depth and critical studies, as
reflected 1n the literature.

For example, cver 2200 pacers have been published in the Journal of Solar Energy
of the International Sclar Erergy Society, between 1957 and 1537, Of these, only
23 papers have been published 1n the area of solar drying (43, Furthermaore, only
S of these 23 papers were very relevant to drying problems being experienced by
the majority of farmers in Africa. A study of several Proceedings of
international conferences outside Africa similarly indicates that drying systems
appropriate to Africa have not been of interest to researchers who have better
financial and material rescurces required to solve pending problems. A further
1ndication of the relatively little interest in the gereral area of solar drying is
demonstrated by the lack cf a review paper in the Journal of Solar Energy.

On the other hand, sclar Zrying 1s of interest to many researchers in Africa as
reflected by the numbers of pctlications in this area by africans. For example,
out of the 70 papers published in the Proceedings of a major conference on
rerewable energy in Africa, about {5 of them were concerned with drying systems
£51.. Other publicatiors on solar energy research show strong interest in solar
drying 1n Africa (12, 22, 30, 313,

Other developing countries 1n Asia and Latin America which have similar
agricultural and socio-economic conditions to those in Africa have done
substantial work on solar drying. It i1s however moted that mone of these
developing countries have so far succeeded in routinely using solar dryers in
their day to day post harvest activities.
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Reasons for the different levels of interest in solar drying systems relevant to
Africa is, of course, due to the needs of the various countries and available
resources, In developed countries, for example, funds available for research are
aimed at solving problems of local interest, Therefore, work on drying systems
that would be economically, socially and culturally viable under African
conditions are not carried out in developed countries. On the other hand even
though the manpower may be available i1n several African countries to obtaim
breakthrough results, the material resources are generally unavailable, This 1s
reflected in the results obtained in Africa. !

4.2 Results of Some Research and Development Studies |
4.2.1 Open Air Drying

Despite various disadvantages of open air drying mentioned earlier, this activity
which 15 carried out on the ground or on raised platforms, is predominantly being
ueed. [t is straightéorword to use, cheap and does not regquire any special _ser
skills,

A review of principles 1nvolved 1n sun drying have been presented in (43,
outlining interactions between ambient temperature, relative humidity of the air,
wind and solar radiation. Direct exposure to the sun has the advantage of
producing higher temperatures and vapor pressures 1n the commodity being dr:ed,
compared to convection drying, which induces higher evaporation rates (see
Figure {). However, overheating can occur in the final stages of sun drying and
water resorption can occur at high ambient relative humidities, under extreme
weather conditiocns.

There 15, in the author’s opinion inadequate information on open alr drying on the
ground. It would be of interest to know the contribution to drying by direct
radiation from the sum. convection, and heat transfer from the ground. The
relative performance of various surfaces such as plain mud, concrete, mat) etc,
need to be studied in order to provide information on the relative economic and
technical advantages and disadvantages of various drying activities. It would
appear that in general, sufficient efforts have not been made to understand
traditional drying methods before attempting to develop improvements to them.

Considering the importance of the capacity of the commedity being dried to absord
heat during open air drying, it is of interest to have access to data on sclar
radiative properties of various crops, such as their solar absorptance.
Hemispherical solar absorptance for several cereal and grain legumes (wheat,
brown rice, white rice, brown beans, yellow corn, unshelled groundnuts,
black-eyed beans) have been determined and are reported in (7. With the
exception of white rice, all the crops tested have solar absorptances greater than
0.3, indicating that they are good absorbers and can be used as solar collectors.
(As a matter of comparison, the solar absorptance of flat black paint is 0.94).
Similar studies should be extended to other commodities such as fruits and
vegetables which are dried in Africa.
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4.2.2 Classifidation of Solar Dryers

|
As menfioned garlier, this paper is mainly concerned with various types of solar
dryers. Thus xdryerﬁ using electricity, wood and other fuels, will not be
considered even though they may play a significant role in some sectors. Solar
dryers of interest here are those which have the potential of being used in most
rural african environments. They can be classified as; direct dryers, 1ndirect
dryers, mixed mode dryers and hybrid dryers.

Direct solar dr&"ers basically consist of an enclosure with traneparent top covers;
the side walls nay also be made of a transparent material. The interior surfaces
of the dryer are painted black, inlet and outlet holes are located so as to
fapilitate the entry of ambient drier air, and the exit of warmer moist air,
respectively. Crops are pliced in the dryers, on porous shelfs where they are
heated by the green house effect in the cabinet. )

indirect dryers\‘ usually consist of three main components; a solar air heater, a
drying chamber and a chimney., Solar energy 1s collected by the greenhouse effect
1 the collector which comsists of a transparent top cover and an cbsorber
surface, 1nsulated to minimize heat losses tg the ambient air. Alr heated in the
collector 1s cirgulated through the dryer by means of 4 fan or by the effects of
buoyancy. The warm air flows over and through the crops on trays in the drying
chamber after which the moist air flows out of the dryer through a chimney.
!

Mixed mode dryfers are combinations of direct and indirect dryers. They normally
are indirect dryers with transparent tops or/and sides, with the crops located
such that they receive direct heating from the sun as well as being dried by the
air heated in the collector.

Hybrid dryers are those that use solar energy and another fuel as a heat source.
Fuels that may be used are wood, gas, electricity, etc. Sclar energy and the fuel
may indxviduall( or simultaneously be used to heat the drying air, depending on
the design of the dryer.

4.2.3 Direct Solar Dryers

A typical dryer sf this type is the cabinet dryer (2] shown in Figure 2. It can be
made from materials such as wood or sheet metal with sawdust, wood shavings or
straw being used as the insulating material, The transparent material can be
glass or plastiq film and the tray made from wire mesh or string. It has been
tested for example in India and Syria (83, Sierra Leone (93, and Cameroon (103J.
Typical results showing the Ferformance of direct dryers on plantains, okra,
prunes and cauliflower are shown compared to open air drying in Figure 3. It is
noted that for these dryers which operate at up to about 30 C above ambient
temperatures, drying rates are faster compared to cpen air drying. They are
useful for vegetables, fruits, meats, fish and other crops that need elevated
temperatures. ll
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One of the disadvantages of direct dryers is the difficulty of controlling the rate
of moisture removal and internal dryer temperatures. At the start of the drying
process, it is often necessdry to close all the outlet air holes to allow the
temperature of the air in the dryer to increase. Water evaporates from the crop
and condenses on the inside of the transparent cover, reducing the amount of
solar radiation transmitted to the intarior of the dryer. This condition is
subsequently improved by opening the outlet vent holes but in turn causes the
temperature 1n the dryer to fall. Operators cf these dryers therefore need to be
adequately trained to ensure that good drying rates and good quality products are
obtained.

Ancther type of direct dryer :s ‘he “chamber” dryer (8). It comsists of in
inclined channel-like collector in which the height of the channel is small
compared to the its length and width. The crop 1s placed on perforated shelves
ard recelves sclar energy directly through a transparent cover. Alr entering
through an inlet at the lower end of *he dryer is heated 1n the chamber where the
Crep is situated and flows out through an outlet at the top.

Three versions of the chamber dryer are shcwnin Figure 4. The see-saw dryer
(Figure 4a) was developed in Ivory Coast for drying coffee and cacao and further
improved in Ghana. Crops are supported by a cerforated base made of some form
of netting, a plastic film (e.g.)polyviny!l chloride) is used for the top cover and the
interior of the dryer is painted black. Two sections, at the bace and at the top of
the dryer, are separated from the rest of the dryer where the crops are spread,
by wood partitions. These blackened sections are intended to help the flow of air
by natural convection, The dimensions of the dryer are 3.6m long, {.2m wide and
3cm deep. In operation, it is inclined facaing east in the morning and facing west
in the afterncon.

Figure 4b shows the "downdraught" dryer which is similar to the see-Saw dryer.
It has been used for cereal grains such as barley and wheat. Air circulated by
natural or forced convection is drawn through the grain as shown. In the
“crossdraught” dryer in Figure 4c, the heated flows over the crop instead of
through it.

Results for three versions of the crossdraught dryer has been presented in (11)
for studies in Niger on the drying of meat and tomatoes. The quality of the
products were acceptable but the capital cost of the dryers made them
uneconcmically viable. For example one of the dryers which could only dry 6 kg of
tomatoes cost 275.000 francs CFA {about $1000 US).



Lassey

4.2.4 I[ndirect Dryers

Figure 3 shows the essential fdatures of an indirect dryer. It should be

mentioned that the main constrai
airflow (in the free convective n
circwlation, the design of the drye
hterature [12).  Amongst the fou
one mast prone to poor performanc
reated in the collector passes th
placed on a single porous tray or

nts on the use of this dryer are inadequate
ode) and cost. When a fan 1s used for air
P is relatively straigthforward as noted 1n the
u types of dryers classified above, this 1s the
P when operated in the natural flow mcde. Air
ough the drying chamber where the crops aire
on several trays. [t passes through the wet

crop, becomes nearly saturated (w
the ambient air), and subsequently
However, becduse the air abovel

hich lowers 1ts temperature to nearly that of
exits to the surroundings thraough the chimney.
the crop 1s not substantially different 1n

temperature from that of the amb?’tent air, the resulting buoyancy forces, which

are proportional to this temper,

ture difference, are very small, and in turn

groduce very low airflow rates (13} 14, 152, ~

Extensive experimental work aimeéd at understanding the operation of indirect
Jdryers have been carried out in Sjerra Leone [13). These studies showed that
chimneys were in general not useful. The effect of heating the chimneys using

soldr energy 1mproved the perfor
(16, The complex interaction
collector design, ambient temperd
chimney Leing 1dentified as the
dry&rs,

Considering the difficulty of st
conditions [32), other studies ha
esperimental simulation of the del
developing sub-models for use on
the solar collector, the flow in the

ance of the dryer but this was not substantial
between insclation, airtlow, chimney design,
tures, etc have been discussed 1n (171, the
component lLimiting the performance of such

dying the dryers experimentally under real
® been carried out on rumerical modelling ang
yers (18, 19, 20, Work in [18) consisted of
a microcomputer for; generating weather data,
drying chamber, the rice bed, and the chumney.

Results were compared to field conditions in Sierra Leone, giving good agresment
for dryer temperatures, but results for drying rates were less satisfactory,
indicating that the model used for the rice bed (pressure drop across the bed

proportional to V1.1, yhere V is t
refinement. ln order to better

he velocity of airflow through the bed) needed
compare various dryer designs, controlled

laboratory experiments were carrigd out with a heated electrical plate simulating

the solar collector for various q
developed assuming that: the air
across the bed is the dominant
collector can be given by a simple
of the plate temperature can be def

The predicted drying rates obtaing
with field results obtained in [13]
201 have resulted in the followil
convection indirect dryer:

ryer designs (19). A computer model was
pbove the rice bed is saturdted; the pressure
bressur@® 10ss;, the heat transfer rate in the
pquation; and, the collector efficiency in terms
cribed by a simple linear relationship [201.

pd using the model in [(20) agreed very well
(see Figure 8). Results of workin (13, 13, 19,
hg recommendations for an i1mproved natural
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{. The collectcr area should be at least equal to the cross-sectional areaq of the
dryer cabinet,

2. The rice bed should be at least Im abo.e the ccllector outlet;
3.  The Jdepth of the rice bed should nat e.ceed 5 o,

4, A chimney should not be wsed since the temperdtures in the Chimney are close
to amblent, giving rise to regligiole buc, ancy forces.

It 1s difficult to compare the performance of indirect Jryers operating wrder
different absarber plate temperatures Tp, ambient relative humidity RH 4nd
temperature Ta, and height of the pached bed B. A useful contribution presernted
1in (19] 1s the parameter)for comparing the drying rates, aM/dt, af various teﬁts
carried out under varicus conditicns. This 1s the Stardard:zed Drying Rate SLR
defined as:

SDR = (dM/dt) 1 ou 5 req (60/(Tp-Ta) 2" 3 1B/3)%/3 {50/1100-RH) m

The above equation has rnot taken irto accgunt the Lariation of the absorber plate
temperature which in real life varies w~ith time even during 4 clear day and a5 ¢
result of cloud cover. Ambient conditions such a3 relative humidity 4nd
temperatures under real conditiors also vary. HNeerless mean values of these
parameters can be used in equatian (1.

The above-mentioned studies or indirect solar dryers demanstrate the importance
of carrylng out numerical and c%tmlled e.perimental studies 10 order tO miNimize
the amount of experimental studies needed to understand the operetion of scler
dryers. These coupled with carefully conducted field studies can lead ta the
development of appropriate dryers.

4.2.5 Mixed Mode Dryers

A typical miced mode dryer 15 the AT drjer which hds ULeen Jeveloped at the
Aslan lnstitute of Technolagy in Thailand [213. It is essentially an indirect
natural flow dryer made of bamboo snd covered with transparent plastic, The
area of the collector 15 about three ta ruur times the ares of the drying chamber.
Burnt rice husk 15 used as the absorber and a chimney covered with a black plestic
sheet to absorb heat from the sun 1s attached to the drying chamber. It is
reported to be designed for rice bed heights of up to 10 cm. Air s circulated by
natural convection and the inlet of the collector 15 located to face the prevalent
wind dir&ction.
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This dryer has been reported to work in some locations but not 1n others. In the
absence of detailed experimental results to confirm the performance of this type
of dryer, it is difficult to predict its effectiveness under various conditions. It
1s possible that the flow through the dryer 15 due to the wind blowing 1nto the
dryer through the collector inlet. Also, the contribution to drying by direct
heating of the grain by solar radiation compared to convective effects is not
Known for the dryer., The effactiveness of the chimney 1n view of work reported in
(16) and [19] 15 in question. In general the aspect of the design that makes it
workK 18 not clear. Considerirg that the AIT type dryer does riot work in many
cases begs the question whether the role af natural convection is significant.
Since the dryer 1s completely covered by tranmsparent plastic, heat losses are
expected to be substantial, further contributing to a decrease in buoyancy
effects,
N

Another dryer 1n this class of mixed mode dryers has been used to dry frutts and
vegetables. Work outlined 1n (33] consists of the development and testing of a
cabinet dryer with a transparent cover and translucent walls. The arrangement
shown schematically 1n Figure 7 obtained heated atr from a solar collector. In the
absence of adequate solar 1nsolation, provision was made for a butane gas heater
to provide supplemental heat. (Results of tests using this auxiliary heater was
not reported). A small fan provided forced atr circulation through the crops that
were placed on shelves. Fruits such as bell peppers and sultana grapes were
dried using the heat supplied by indirect and direct solar energy in the forced
convection mode. The drying rates and the quality of the dried products, wdged
by their color, were superior compared to open air drying.

Mention should he made af the advantages and disadvantages of mixed mode
dryers. They generate higher cabinet temperatures which are useful 1n enhancing
moisture migration from within the crop. It 1s however at the initial stages
recessary to have adequate air flow to transport water vapor from the surface of
the crop to avoid over heating and "cooking" of the product. Thus the dryer
should be designed to provide adequate air flow either by free convection or by
forced convection. Direct radiation helps i1n enhancing the color of fruits or
vegetables during drying due to the breakdown in chlorophyll. Compared to the
direct solar dryer, the mixed mode dryer, by virtue of the solar collector,
provides a higher mass flow rate which enhances drying.

4.2.4 Hybrid Dryers

Relatively little work has been done on dryers that use solar energy and other
forms of energy that are relevant to African conditions in general. Two examples
which have been reported in the literature involve cabinet dryers. The dryer
described in Figure 7 could be considered a hybrid dryer. Application of
auxilliary heating using butane gas would however present economic difficulties
for most of these farmers.
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Another hybrid dryer is shown in Figure 8 }t uses a cabinet dryer ir whith
awnliary heat from sawdust is supplied by & simple heat exchanger. The sawdus!
heats water, in a piping system, which flows through the heat exchanger pipes In
the dryer cabinet [91. The dryer is appropriate for drying during poor weather
conditions. The performance of the dryer can H‘o adged from Figure 9 where the
drying rates of okra are compared with open ur.!drymg. Drying times and producf
quality were found to be substantially better tompared to open air drying [93.
While this dryer may be useful, 1t needs further improvement to lower 1its cost
and 1mprove 1ts performance, For example, the efficiency of the “boiler” 1s very
low and this can be improved using local materials which 1n turn will lower costs.
Its performanrce needs to be verified on various crops as the operating
temperature in the dryer can be as high as 45 C above ambient temperature,
depending on the combiration of heating sources used.

N
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5. SOME REASONS FOR LIHITB&) Usg OF SOLAR DRYERS

{n spite of the substantial am%nt of work that has tiken olace 1n various
ssuntries around the world, countfles in Africa are still not using 1mproved solar
srving methods. It has been argu&d that one of the main reasons tor the general
laik of use of solar energy technologies i1s the 1natility of many African countries
ty properly define their problems {23]., An attempt 1s made 1n this section to
sothing some redasons ~hy improvel solar drying systems have not been adopted.

5.4 Inadequate Knowledge of the Drying Problem

Many solar dryers hiave been dgsigned without any lnitial reeds assessment
5tudi@s having being carried. Thi farmers aspirations and opinions are usually
"ot sought, quantities of crops gried at a given time, Quantities sold versus
tnose used for home consumption, marketing and distribution systems for the
“rops end the potential financial Qeneiits that can be derived by 1mproved drying,
¢t¢, are usually unknown. The importance of carrying out studies to at least
ifpreciate the perceived needs of farmers has been outlined 1n [24], which
sresented results of a study to determine how farmers articulated their drying
~roplems, The result of rot car?{ully considering social, cultural and economic
Darameters mentioned above, hag resulted 1n the non-adoption of solar drying
technologies. For example, an impact study of the AIT dryer indicated that 1t did
ot attract strong interest amongst Thai farmers due to its small size, lack of
jovernment 1ncentive to improve]the quality of rice, and because the benefits
wrovided by the dryer were not pefceived by the farmers to be substantial enough
o motivéte them to use it (251, thorough evaluation of various aspects of the
rarmers’ needs and wishes would have answered most of the crucial questions
~hich affected the successful adoption of the dryer.

5.2 Poor Technical Designs

As mentioned earlier, natural convection dryers are more appropriate for rurél
ireas 1n Africa. It 1s unusual ta find designs of these dryers that work since
Jesign criteria for them are not well established. As a result, designs are often
not based on engineering calculations but rather on ad hoc criteria. Most of the
iryers are not effective due to poor airflow rates and this leads to them beirg
«bandoned at the lab testing stage or at the farm level.

5.3  High Cost of Improved Drying Technology

Farmers do not often have the financial means to pay for improved solar drying
2ven though it would make a significant difference to their harvest, both 1n
juantity and quality. Some dryers, designed using expensive materials, dry very
:mall quantities, making their yse economically unustifiable. A typical example
uf this 1s work mentioned 1n (113 for a dryer which costs about $US 1000 but can
only dry 6 Kg of tomatoes at a time.
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5.4 Low Levels of Praduction

This 1s related to the inabilits of farmers to Pay 30 IMEroved Irying. duwantities
harvested are often nat large enough to Lustits ovesting in 4 relati.ely
espersive technology. [t would appedr that not all farmers ~tll ve able to acquire
impraoved drying technologles since 4 substantial percentage of them cultivate
small plots of lang and use & significant guantity of their nar,est tor rome
consumption (241, Thus, based on results of ieeds a3sessment studies, 4
coNsclous J2CiS1on should be made regarding tarmers 1tor ~hom the Jr ers 4re
built,

5.5 Inadequate Storage Facilities on Farms

[n order that farmer derive substantial benefita trom trelr dried crops, thes Must
be able to store them until market prices becoMe attracti.e. Storage systems on
farms e however not efficient of larje enough, resulting 1n poor Juality crups
or 1nsufficient storage at the tarm level. Farmers, ana1ous not to lose thelr
harvest, sell the crop 45 fast as Os3ible after Nar.est, leaving amall Quantities
for hame ConsSumption and for seed if this 1 apprcpriate. Thus in general little
extra effort 1s made 1n ensuring that good Quality dried products are oDtained.

5.6 Poor Transportation Facilities

Traneportation 1s a maor constralnt in the agricultural sector of many African
countries. There are difficulties at the farm level to transport crops to a central
storage locations or markets. [t s aften difficult or even impossibie to move
farm products to local markets. Farmers have to therefore wait for buyers who
come in trucks to buy their harvest at low prices. There is clearly little incentive
for the farmer to be interested 1n improved drying if ne will derive no finanaal
berefits from having a better quality dried praduct.

5.7 Underdeveloped Distribution Systems

Most crops are either sold 1n local markets or to marketing bodrds which may not
pay attractive prices. Farmers therefore, due to se.eral reasons, do not heve
alterrate methods of distributing their goods. A more lucrative market £«1sts
outside the country but transportation and government controls make this
difficult. Smuggling are for many a method of cbtaining more lucrative marKets,
but this could mean sigmificant financial losses and possible jail, 1f caught.

5.8 Non-existent Government Policies to Improve Product Guality

Many governments do not have a pricing system that provides 1ncentive for
farmers to produce better Quality dried crops. [n some cases government policies
or lack of them create disincentives. For example, many rice growing countries
with a capacity to be self-sufficient 1n this commodity, impart rice which are sold
at prices substantially lower than that locally produced. There are 10 fact
disincentives where the policy 1n many countries i1s to import rice which are sold
at prices lower than that locally produced. In the case of other cereal grains for
example, government marketing boards which buy grains for storage take little
notice of grain quality during purchase. As mentioned In {13 for the case of
Mauritius, farmers can be encouraged to produce better quality grains, using
dryers, 1f the prices are attractive enough and incentives are glven for crops sold
by the farmers at moisture contents lower than that achieved by open air drying.
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Farmers in general would produc+ more focdstuff and 1nvest in improved drying 14
tney perceive appreciable financial benefits 1n such iNvestments,
t

3.9 Llack of Locally Produced Miternls

Basic materials neeced 1n the nstruction of solar Oryers are wood, glass or
mlastic as transparent materialsy sheat metal for the absarber and wire mesh for
snelves. These materials are imported by many countries in Africa and local
prices are very high as a result pof taxes and exploitation by 1mporters. Thus a
~¥ry simple dryer using very basic materials becomes ridiculously expensive for
adoption by farmers, The only §avallable option 1s the use of locally produced
naterials such as bamboo, flimsy plastic which degrades rapidly ard 1s easily
torn by w~ind. Pressures on resq‘archers/dwelopers af solar drying systems are
theretore very high, not only to obtain technically viable solar dryers, but also to
ensure that they are extremely cl?eap; these two conditians are difficult to fulfil.

‘

]
3.0 Inadequate Technical Expertise

This topic has already been b#oached 1n (23] where 1t was mentigned that
Jeve.oplig countries lagged behihd in the development of solar technologies due
ty ldck Of adequately trained resRarchers/developers 1n e t1eld. In the case of
solar drying, the situation 1s evien more critical compared to other technologies
such as distillation, refrigeratioh, water heating, etc, where, due to the systems’
appérent sophistication, they Have not generally attracted the attention of
“laymen”. Since solar drying is perceived by many as an area for development in
post hdrvéat technology and 1s gonsidered to be very simple by many, due to its
vasily understood principles, 1t Has attracted many “designers” from basically all
tields 1n the applied sciences, pure sciences, social sciences, and the health
sciences The end result has been a4 proliferation of various types of dryers which
no not operate satisfactorily, ?\Jmle these attempts by themselves should be
commended, as they were carriediout in the interest of 1mproving the situation of
rural farmers, they 1n many way$ have caused many farmers to be wary of sclar
dryers. ¢

3.11 Lack of Interdisciplinary Approach

Perhaps one of the most xmportu{t bottleneck 1n the development and use of solar
dryers 15 the lack of interdisciplinary collaboration. Solar drying involves, nat
necessarily 1n order of 1mportance, the following disciplines; thermo-fluid
sciences, meteorology, the physics of materials, food science and technology.
nutrition, economics and marketipg, sociclogy, anthropology as well as politics.
There has unfortunately been little conscious @ffort made to include the various
expertise needed to successfullyl implement an improved solar drying technology.
As such, 1mportant elements are bmitted during 1nitial planning activities and the
implementation of the project, ich would have been taken 1nto account had an
interdisciplinary team been constituted at the oniset of the project.

3.12 Lack of Electricity Supply

Poor airflow rates in natural convection solar dryers have been cited as a limiting
factor 1N the design and use qf solar dryers. This situation can be easily
improved with the use of small fans using electric motors, but many rural areas
do not have electricity.
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5.13 Inadequate Financial Resources and Planning

Very few countries hawve any gwerall strategy tor the impro.ement Of O3t harest
techrnologies. Thus the development and use 0f 30lar droers havse not recel.ed
any meaningful attention at the government level. Frowects usually carried out
often depend on the interests of individuals and funding organizdtions. This
apparent lack of collective interest and planming only ser.e to Jisperse mesgre
findancial ang other resources and encourage Juplication 2f efforts. Thus 1t s
difficult to cbtain funding for patentially usetul projedts, training persannel and
setting up thie minimum iNfrastructure required.

4. CORRECTIVE MEASURES TO PROMOTE IMPROVED SOLAR DRYING
6.1 Appropriate ard Adequate Needs Astessment Studies

Even though 1t 15 generaslly actepted that 1t 5 ver, Important to wnderstand the
drying problem before developing & drying techinoleg, ~hicn solves thdt problem,
this strategy 1s often not followed during 3 proect. Key elements to consider
during needs assessment studies have been discussed in ze-eral technoleygy
develocpment and technology introduction articles, same of then being specific to
drying and relevant to Africa (12,24, 263,

Of utmost (mportance 15 the methodology used to carry out a needs assessment
survey., Classical methods of developing detailed questionnatres and sampling
large numbers of people are belng Questioned 1n +lew of cost, human rescurces,
expensive data analysis, and the accuracy and usefulness of some of the Jats
collected., Rapid Rural Appralsal Methods, which involve interdisciplinary teams
Interacting with substantially smaller rumbers ot people tn a more personal
atmosphere have been shown to be fast to implement, quite accurate and cust
effective, compared to extersive surveys [27]1. This techniQue 1s recommended
for use when dealing with farmers who tend to vary their response depending an
the questioner.

Certains questions which should be answered Ly such a survey include

a) the availability of solar energy resources;

b) effectiveness of traditional drying methods,

(<] the range of crops that need to be dried, Quantities, and at what times of
the year drying takes place,

d) drying problems being ficed and traditional methods ot stordge;

@) €x18ting drying systems and results that can be exploited;

f) income obtairied from dried crops and potential gains to be made by
improving drying,;

g) marKeting channels for dried crops;

h) willingness to pay for improvements to drying and up to what level,

1 4N  approximate economic anglysis to determine the minimum
production/utilization level that maKes a Jryer economically viable,

I the existence or 1mplementation of policies that will encourage the use of
dryers,

Such studies should be carried out taKing 1nto account the dyramic situation that
exists in developing countries, Deteriorating economic and climatic conditions
create unstable situations, which render present conclusions 1nvalid with time
due to inflation, inavatlability of materials, drop in production levels, etc.

(<3N
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Follow-up studies therefore have to be made when significant changes occur in
the soclal and/or economic environment.

6.2 Development of Drying of Systems

Solar drying can be pursued from various fronts. Activities that can cantribute to
the future adoption of drying systems are: a) research on traditional open air
drying; b) understanding the mechanisms involved 1n the operation of various
types of dryers; c) reducing the cost of construction materials;, d) improving the
efficiency of dryers; @) development of reliable testing procedures; § studying
and modelling the mechanism of moisture loss from various crops; g) developing
better design procedures. Suggestions are presented below regarding research
which 1f pursued would sigmficantly improve solar drying 1n Africa.

6.2.4 Traditional Open Air Drying

Traditional open air drying has been taken for granted. The mechanisms involved
are generally known but details of the contributions of various factors such as
effect af wind, solar radiation, ambient temperature and relative humidity,
conduction from the ground, surface condition, etc are not well documented. [tis
the author’s opinion that a thorough understanding of cpen air drying will permit
wOrkers to properly compare open air and solar drying.

6.2.2 Understanding Operation of Solar Dryers

Work of the type reported 1n [14-19) should be carried out to experimentally
study various types of dryers in order to understand the effects of their various
components. In view of the experience gained so far, it 15 advisable to adopt a
strategy involving a combination of laboratory simulated experiments (131 and
outdoor experiments (193], 1n view of their importance in grain drying, indirect
dryers deserve continued attention. Direct and mixed mode dryers are can
significantly contribute to the drying of fish, meat, vegetables and fruits in the
future and should therefore be studied in order to define their performance on
various classes of commodities. Prototypes of potentially useful designs ought
to be studied in order to choose appropriate designs or make changes to improve
on a design.

6.2.3 Construction Materials

In view of the various failures experienced with solar drying, it can be concluded
that materials used for dryers are generally not appropriate to the needs of the
farmer since the cost of the dryers are high. Research should concentrate in the
area of developing efficient but cheap air collectors, due to their high cost
compared to the other parts of dryers. Materials such as galvanized 1ron,
surfaces made from mud, carbonized waste materials, waste sheet metal, etc,
should be used as absorber surfaces 1n order to lower construction costs.
Results using mud as the material for the cabinet of indirect dryers in Sierra
Leone have indicated its potential advantage; 1t is easy to use by farmers who
traditionally use them for building houses, and serves as a thermal storage
material. Results of tests indicate that the mud dryer performed better than
open air drying. over a 24 hour period, the dryer continued to dry at night
compared to the open air dried product which absorbed moisture [287.
Transparent materials pose one of the greatest problems. Glass is expensive and
breaks easily. Plastics are relatively cheaper but they tear and degrade easily.
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Ore option 13 to Je.elsp air collectors that{ would Jedoce the amiud! ‘
tracepdrent over needed. It would appear tOmrecEnt ai (23] trat ciiiety
areas #qual to the areqa ot 're rop bed, 1in the que St Tile, hav Gl.we An:'uur
Ir;ing rates, i

[t nas been cbser,ed that irsulating the sided ot the Jr.1ng <(hamber 3t a4
Indirect drver 1rcreases the driing rate sigriticadtly due to the redoction of hest
loezes [(3]. Tre cocst of insulating material fcan bDe reduced 5y wwaing local
materials such as straw, wood shavirgs, and other fibrez, ror all the nsulation
wOrk reeded.

6.2.4 Improving Drying Béficiency

Ircreasing the efficiency of drying systems 1mphips the seduction of reat losses.
the efficient transport af molsture from the <rop Nd the 1ncorporation Gf thermal
Jstorage, in order ta 1ncrease drying rates tompdred to spen air drying. In tre
contest of rural areas, dryers should have adeqdate air circulation without the
use of fans, 1ndicating the reed for studies aimed at improving airflow but at the
same time ensuring that the air temperature 1sl sutficiently high for eéfiitent
drying.

6.2.5 Testing Procedures

i
i

The development of testing procedures 1N s0lar dr?yer deslyn 1s an area that reecs
substantial effort. The range of dryers, test locations and e.perimental
methodologles make 1t difficult to compare regults of various studies. The
tollowing are suggested 45 the minimum measurenents that should be made duriny
the testing of a solar drying System:

* Moisture content of the crop as a functian of time, care being taken to
minimize errors due to i1mproper sampling of theJcrop which gives an osclllating
variation (the maximum interval between two readings should be two haursh,

* Amblent temperature, temperature above {he crop (N the droer, absurber
temperature, depending on the type of dryer hhe ma<imum interval between
readings should be 15 mmuted :

*+ Relative humidity of the ambient air and that of the moist air above the trop
(maximum interval between readings should be twb haurs),

*+ Intensity of solar radiation with time an thefplme of the collector {(ma«imum
interval between readings should be 15 minutes), and/or total integrated solar
energy on collector. !

The comparison of the performarce of two dryers fan pouse enormous problems
considering the amount of work 1nvalved 1n (akmg ecpertmental data, especially 1f
data acquisition systems are rnot available. Itis howe.er Jitficult to compare the
performance of two dryers under outdoor condltnﬁms ~ithout testing them side by
side. This procedure 1s suggested 1 accurate results sre needed to Jetermine the
effect of a certain design parameter. The development of parameters such a3 the
Standardized Drying Rate (191 shown in equatign (1) will help 1n the comparison
of experimental data. ‘

H
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Pertormance of dryers cvernight are rot traditionally reported. This should be
Jone aa the dryer’s performance At nignt will affect the period needed to dry the
crop to the required moisture coritent. For example, the work in (231 showed the
superiority of the mud cabinet dryer at night due to heat storage, compdred to
pen air drying. Knowledge of thg performance of dryers during & typical 24-hour
ceriod will aliow steps to be rekcommended for proper management during their

W,

[t 15 1mpossible to obtain clear dut generalized testing procedures. Difficulties
.sually occur regarding the duratjon of drying. Some outdoor testing may start 1n
the morning at 0900 hours with the crop 1n the dryer. Others may have the dryer
neated up till 1100 hours befofe loading 1t with the crop. It 18 therefore
impartaint to specify the imitial ¢onditions of the drying tests when results are
ueing presented. It 1s advisable o load the dryer 1n the morning and allowing the
dryer and crops to attain equilibrpum conditions 4s the day progresses.
>

AN area of confusion 1s the comparison of the performance of a dryer to that of
cEpen alr drying. As an example ?onsxder a dryer in which a grain such 4s rice 1s
wacked to a height of 7 cm over areaa of 1 m2, A similar mass of rice 1s to be
Jcied on the ground. The perforfmance of open air drying will vary depending on
tre height of packing. What then )s a ared over which the rice should be spread on
tne ground? It 1s obvious that there will be many suggestions. It would appear
ressonable, for comparison purpqses, to spread the crop over an arga of ground
¢qual to that occupied by the drydr. Thus in comparing traditional open air drying
to solar drying 1t 1s suggested that the area of the drying floor should be equal
to that occupied by the dryer

4$.2.6 Drying Mechanism of Cropsi

ifficulty 18 encountered 1n attempting to mathematically model the flow across
tr@ crop being dried. The pressyre drop across the crop depends on parameters
swih as the type of crop, air velgcity, the thickness of the bed, etc, The rate of
drying of the crop depends on the rate of diffusion of watar from within the crop
to the surfaces which 1n turn depends on the temperature of the crop, the flow
rate and temperature of the air passing through the crop, etc. These processes
are not well KNown for various ctops under different drying conditions. As such
experimental studies which would provide empirical information that can be used
to describe the drying of virious grop are needed.

6.2.7 Development of Design Prodedures

The development of better desig§n procedures is crucial in the development of
dryers. It is highly desirable fhat design packages be developed for various
cryers. A procedure which givesi a first approximation of the indirect dryer has
teen presented in [29] which mgKes use of a simple model for i1ndirect natural
tlow dryers. A more refined but simple model (20) is available for the the same
class of dryers that agrees quite well with field results and can be used to
design indirect dryers. Similar copmputer models of direct, mixed mode and other
agryers should be developed as degign tools.

4.3 Field Testing

AN accepted strategy for the Buccessful adoption of any technology is the
participation of the intended beheficiary, from the probiem definition stage to
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the field testing atage (23], Assuming that the failer Tad Leen sware Of the
development of a new so0lar drying s, 3temn, the tield teatiiy phiase nust 4t ledst
involve close collabaration between the tarmer, technologist, sooial sQentist s
extension dagents, The folluwing are some yuldelines wfhioh have been tound
useful 1N practice In various proects.

[f the 3ryer 1s made from local materials, the tirmers should be involved 1h its
constructicn or should at least 3ee nNuw 1t Is belng made. [nstallation aof the
dryer snould take place 1n locdtiuns where Crops 4l a.ailable for drying 4nd
where the enthusiasm of the 1ntended users 13 Nign.,  Farmers should recetve
thorough traiming on how to use the dryers since they will e the operators during
fleld trials. During the inmitial drying tests, i1t 1s advisable to encourage the
farmers to dry samples of his ¢rop in the dryer a5 well a3 using traditicral
methods 1n order to compare results. They should be clearly informed and made
to believe that they are part of a team in.ol.ed 1n s0lvwing their own problems.
Thus successes and failures should be snaied by all Concerred. 2

Follow-up of the field testing acti.ities 1s best Jore Dy three Fey Jroups Of
pecple, the extension personel, the sucid-econumist and the technologist. The
estension agents will be resporsible tor the nearly deally visit to the farms
during drying activities. They will gather nformation such a3 quantities dried of
crops Jdried, Juration of drying, advamtages 4nd Jisad.antages of the Jriers,
complaints and appreciation of the farmers regarding the dryers, Samples of the
dried product should also be tiken tor closer e<amirdtion Gy the researchers.
These findings will be passed on to tre socio-economist and tecnnologist who
should visit the proect at least once & ~eeK Jurlng the drying activities. From
informal and semi~formal interviews, they In turi ~1ll be able to 4ssess the
techrical and soc1o0-economic viability ot the dryers.

The- 3 snould be no hesitation 1N correcting designs w~hich are undcceptable to the
farmers, if this is technically feasible and a0 significant costs are Invol.ed. [+
this 1s not done the farmers will only put the dryer aside and carry on with their
old methods.

Since the aim of such field tests 1s to encouirdge farmers to use thée developed
solar dryers, sound but simple gconumic advice regarding acquiring 4nd using the
dryers ought to be provided by competent persons within the project, and all
efforts should be made to pdass on the wader introdeitian of the dryers to
erxtension services who hopetully will oe activel, imvol.ed on the tield waork.

AN assessment Of the Impact Ot The i liGdored i e Lyl Feld provide usetul
information for future use of the results. This should cuntsin « clear outline ot
techrucal constraints and benefits of the diyer and 1ts patential technical
viability. Likewise, the economic viability of the Jdr er should be 1ncluded in the
assessment,

6.4 Information Sharing and Collaboration

Effective work an drying depends ol Na. iy adcess ta  intormation  and
collaboration.  African workers often start and complete 4 progect without
discussing results with peers. Scime efforts have been made by the
Commonwealth Science Courcil (CSC) in Englard, the Groupes de recherches et
d’echanges technologiques (GRET) in France, the Interrational Development
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Research Centre (IDFC) in 'Canada, among others, ta jevelop modahities for
coliasaratian and 1nror mation €.chdange Detween various African «~orkers,

The main contributicn of (heéCSC was the setting up and suppport for the African
Erergy Praogramme ~hich had solar drying 45 on of 1ts three 3ub-programs. A
:r!wof‘)\' of proecs .ere supported 1n Gambia, Ghana, Kenya, Mauritius, L'3anda,
Tanzama and Iimbat e tete@en 1979 and 1935, Various meetings were organized
ter @Alharging ‘.r.f:rm;t;on.é Results of .artous wark on solar 3rying fave Leen
Fudiisned in "The African Brergy Programme Resedrch Report Sertes'. Bocks
~seful 10 sslar aryirg workers have also beer published (5, 121,

The IDRC ras in the past iupported research an fcod drying in the falicwing
Atrican countries, £3,5t, Xedya, Mali, Niger, Sierra Lecne and Zambia. There is
gresently a network of projects on salar arying itmned at developmg dryers
scitable for rural use. Inyolved in the collaborative activity are Cameroon,
Nigeria, Senegal, Sierra Ledne, Togo and Canada. (DRC has organized several
‘_T‘ee'.mgs on drying and books of interest have been published In ernglish and
french {22, 303,

GRET has collaborated w~ith several countries in the jereral drea of solar energy.
Ot particular interest 1s a practical booK on solar dryirg which treats
abcio-econcmic and technical 1ssues 1n solar drying (311,

Comscious effart 1s needed x‘o credte the atmosphere that will encourage solar
arying research and development activities. Contacts should be establiched by
researchers a4t both national and international levels; nationally to sensitize
perentlal users, extension workers and policy makers, and internatiorally to
share information and 1mprove the quality of research results. The process is
wrcerstandably long and needF innovative 1deas and patience.

4
7. SOMRE POLICY ISSUES !

The above technical discussfons on possible methods of promoting the use of
solar dryers cannot be sep4rated from the policy 1ssues concerning national
governments and the 1nternationdl community.

In the case of individual countries, institutions where work is being carried out
must have the required huma"n and material resources. Many institutions lack
these resaurces and the situdtion 1s becoming worse due to economic crises that
affect nearly every countryl In Africa. Policy makers have the tendency to
drastically reduce funds foR research and development as one of the first
measures taken to upgrade the economy, and still expect improvements 1n, for
example, the agricultural sector. This is however, at times, self defeating as
improvement 1n agriculture cannot take place without i1mprovements 1n
post-harvest technology. Even if it 1s necessary to reduce research funding 1n
gc::rdl, some work should continue to be supported in the development of drying
systems,

As mentioned earlier, some government policies or lack of them do not encourage
the use of post-harvest procfssmg such as drying. There are often little or no
price 1ncentives for better iQuality dried crops. As such, farmers are nrot
INterested 1n Improving their traditional drying practices. Considering the
uncertainty of food production i1n many countries from year to year, many
governments are interested 1N maintalning reserves and stabilizing prices. The
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fe.elopment of oolicies alined at Je s g taiheis to 000 Juahily e el
create the awvareness 10d fecd tol Letle. b,y a Jensote et e Lopedat,n

will have acless to Jood quailty food produits,

[n ~elation ta !ne abd.e, stacddrds tor e iles Iited Srsducts shouwid Ue
de.eloped with respect to Orying methods, S Cdudt quallty, Jauraginyg anid stofage,

Boand e te sl

Jo.2-nments should, through reseas. =7 led, eiholufdje sh
Increase N Jrop production. The righer e wodJdoction, the Tdre the feed ror
dr,ing, and the more the use of do,e’'s ~ould Ledwie eolfuumildieg, reasil.e.
Efforts should be concentrated on the na,lr C2immodities that are (onsutezd
locally. A concerted effort shoold Ce Tade tu or..ide betler 3tirage 3,23%els 4°
the farm level to allow Jood Juality Crops 16 e satel, stlied wntil the, are sc.o.

Since a constraint to the wtilization of a0lar drpe s 1s tne NIGN prices ot dnhplcted
Lade ponsibile Oy IO
it may Ue

materiais, costs must be lowered. This Mma, Le
prices of materials ~hich may perhaes A0 Le polhitically Jesiratle.
more eftective 100 QOvernment to give subsidies 13 rai el L51Ng 3Cial I7 el 3.
Trese mda, be 1N the form of 53ft 1oans.

It 1s the responsibility, of pecple wuiming on S0laf J7 g 10 Take prigossls to
policy makers at all goverrmment levels and to antloeide the Jelision Masking
process, for without positi.e Jo.ernment ¢eaction, all etforts made 10 the

development of solar dryers ma; De 1N valn.

8. CONCLUSIONS

a. Solar drying 1s & techinolagy that can be < ploited in Atrida in the Llignt ot
increasing population and the need to produce Mmare foud that canbe satel; stuied
for food cecurity. ¢

b. Technololgies 1N existence can be used b, selected producers, the Limiting
factors being cost and production le els iy tarms,

c. Due to the unavailability of electricity in mcst rural areas, natural flow
dryers appear to be the most appiopriate for mast rural tarmers,

d. A significant amount of research 1s needed to develop efticient solar drers
and design procedures. Activities ot this Kind can Le accelerated by cluse
collaboration between warkers 1n the field.

e, Governinents can contribute to the rapid development 4iid use ot »0ldr dryers
by adopting policies, regarding post harvest techinologies, almed at strengtherdng
résearch efforts on one hand and creating 1ncentives that will make solar drying
attractive to farmers.
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Figure 2.

A solar cabinet dryer.
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Three types of "chamber" dryers
using direct solar energy.

3L

CHIMNEY — .

DRYING
CROP.

AIR HEATER
N
NINSULATION
Fiyvure 5. Taptval funtiredt natural
CanVesbion nodar diver.

o CHAMBER



Figure 8.
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A hybrid dryer using solar energy
and sawdust (ref [9]).
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