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Development Of An Improved Sun Drying 
Platform For Agricultural Produce 
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Abstract  :A sun drying platform was designed and constructed in an effort to help improve postharvest management of agricultural produce at the 
smallholder farmer level. With a total load (dead and live) of 4.35 kN and an allowable compressible load of 596.64 kN, the structural support columns 
could safely withstand the drying of maize without buckling. The airflow rate of 1210.95 m

3
/h and a latent heat of 15 kJ in the study area could allow for 

efficient drying of agricultural produce. Construction of the improved drying platform was possible with locally available materials and expertise. The 
drying platform is raised 0.90 m above the ground to allow efficient ventilation through produce from underneath the structure. A roof frame is provided to 
allow for covering of the structure at night and during rainfall. Side vents are to ensure that hot air goes out of the structure even when produce is 
covered. The base of the platform is lined with black fabric materials to ensure absorption of heat from the sun. The drying platform has a full capacity 
drying space of 0.605 m

3
.  Aside its use as a dryer, the platform can serve as a temporal storage for produce after drying. The improved sun drying 

platform, constructed at a cost of GH₵ 942 with an estimated monthly variable cost of GH₵ 200 and hiring cost of GH₵ 0.1 per kg, a farmer could break 
even after 13 months of use with shelled maize as test crop. Field performance assessment of the improved sun drying platform, leading to 
dissemination, will help smallholder farmers and processors benefit from this intervention and thereby reduce postharvest loses while improving on 
quality of dried produce. 
 
Index Terms : Breakeven, compressible load, drying platform, postharvest management, sun drying, smallholder farmer, ventilation 

——————————      —————————— 

 

1. INTRODUCTION 
AGRICULTURAL produce are commodities which usually 
come in raw and processed forms and may include those 
derived from both crops and livestock sources that are 
marketed or used for human and livestock consumption. 
Ghana produces a variety of crops in various ecological zones 
across the country which includes yam, cereal grains, cocoa, 
oil palm, etc. Cereals, oil crops, root and tubers are the top 3 
food crops produce in the world, but roughly one third of the 
food produced for human consumption every year gets lost or 
wasted before getting to the market or the final consumer [1]. 
In most developing countries, these loses are largely attributed 
to poor harvesting technologies, lack of or underdeveloped 
handling methods and poor processing technologies [2], [3]. 
The hygroscopic nature of most agricultural produce 
encourages the growth of microorganisms, consequently 
causing deterioration and discoloration [4]. High moisture 
content and temperature also leads to problems during 
storage as it promotes fungal and insect infestation, 
respiration and germination. It is thus necessary to lower the 
moisture content of agricultural produce to a safe level for 
ease of preservation and storage for use in future especially 
crops for mass production [5], [6], [7], [8], [9], [10]. DRYING IS A 

CROP PROCESSING METHOD THAT PLAYS A VITAL ROLE IN THE 

PRESERVATION AND STORAGE OF AGRICULTURAL PRODUCE [11]. IT IS 

THE MOST ATTRACTIVE AND RELIABLE METHOD FOR REMOVING 

MOISTURE FROM FOOD GRAINS TO A SAFE MOISTURE CONTENT [12], 
[13]. DRYING AS A POSTHARVEST PROCESS ALSO ADDS VALUES TO 

AGRICULTURAL PRODUCE THUS ENSURING THAT THE PRODUCE CAN 

BE SOLD AT A HIGHER PRICE FOR INCREASED PROFIT THAN IN ITS RAW 

OR UNPROCESSED FORM [14], [15]. CROPS ARE DRIED USING 

DIFFERENT METHODS FOR INSTANCE, SOLAR DRYING, OPEN SUN 

DRYING AND MECHANICAL DRYING. GHANA ENJOYS SUNSHINE FOR 

GREATER PART OF THE YEAR, WHICH MAKES IT POSSIBLE FOR SUN 

DRYING OF ANY AGRICULTURAL PRODUCE. TRADITIONALLY, MOST 

FARMERS RESORT TO CRUDE AND UNHYGIENIC METHODS OF 

HARNESSING THE SUN’S ENERGY IN DRYING AGRICULTURAL 

PRODUCE WHICH END UP BECOMING DETRIMENTAL TO THE HEALTH 

OF THE PUBLIC [16]. THESE METHODS OF DRYING AGRICULTURAL 

PRODUCE EMPLOYED BY LOCAL FARMERS INCLUDE SUN DRYING ON 

THE BARE FLOOR OR ON MATS AND EXPOSING PRODUCE TO SMOKE 

[17], [18], [19], [9]. IT IS NOT AN UNCOMMON SIGHT TO FIND 

AGRICULTURAL PRODUCE SUCH AS COCOA BEANS, MAIZE, CASSAVA 

CHIPS AND COWPEA, SPREAD ALONG THE BANKS OF TARRED ROADS 

IN MOST RURAL SETTINGS. ACCORDING TO NTARYIKE [20], OVER 

3000 METRIC TONS OF COCOA FROM CAMEROON WAS TURNED BACK 

BY THE EUROPEANS UNION AFTER IT FAILED TO MEET THE QUALITY 

STANDARD. INVESTIGATION SHOWED THAT THE COCOA BEANS 

CONTAIN HIGH LEVEL OF POLYCYCLIC AROMATIC HYDROCARBONS 

(PAH) WHICH CAN BE PICKED UP FROM TAR AND ASPHALT, EXHAUST 

FUMES AND SOME PESTICIDES. FROM THE REPORT, MOST OF THE 

COCOA FARMERS CONFIRMED DRYING THEIR PRODUCE ALONG 

ROADS. WITH OPEN SUN DRYING, FARMERS REQUIRE EXTRA LABOUR 

TO MOVE THEIR PRODUCE TO SHELTER WHEN IT RAINS AND DURING 

NIGHT FALL MAKING IT QUITE TEDIOUS, TIME AND ENERGY 

CONSUMING. SUCH DRYING METHOD IS USUALLY ASSOCIATED WITH 

HIGH LEVEL OF LOSSES, POOR QUALITY YIELD OF DRIED PRODUCE 

AND UNHYGIENIC HANDLING PROCESS [21], [22], [23], [24]. 
Over the past decades, there have been attempts by farming 
communities to improve upon the limitations of the simple 
process. Instead of scattering crop on the bare ground, plastic 
sheets (tarpaulin) are used to dry crops. Such improvements 
have been made the subject of systematic scientific research 
[25]. Ultimately, sun drying of agricultural produce in enclosed 
structures is an attractive way of reducing post-harvest losses 
and low quality of dried products as associated with traditional 
open drying methods [26], [27], [16]. Process hygiene is also 
greatly improved as it protects produce from dust, insects and 
animals [18]. Moreover, the current trend of higher cost of 
fossil fuel and the unreliability regarding future cost makes the 
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availability and the use of the energy from the sun in the 
processing of food more economical and feasible [28]. Though 
mechanical and solar dryers provide alternatives of drying 
agricultural produce, these types of drying to some extent can 
be quite expensive to operate [28]. This high cost coupled with 
the skilled labour requirement and high maintenance cost limit 
the adoption of these drying technologies by small scale 
farmers in developing countries [29]. With that, farmers still 
resort to the traditional sun drying methods which are 
associated with some serious problems. Therefore, developing 
a more affordable drying platform as an improvement on the 
existing traditional drying systems, one that will be acceptable 
to most small-scale farmers, is crucial for ensuring food 
security in the country. Such intervention will not only 
guarantee the quality of agricultural produce, but also ensure 
improved health of the public who are direct consumers of the 
produce. Hence, this study focused on design and 
construction of an improved sun drying platform for agricultural 
produce. 

 

2 MATERIALS AND METHODS 
 
2.1 Study Location 
The improved drying platform was constructed at the CSIR 
Crop Research Institute research field located in Fumesua in 
the Ashanti Region of Ghana. This location was selected 
because of its proximity to crops fields and ease of procuring 
samples to dry during the evaluation of the drying platform. 
Fumesua is classified under the moist semi-deciduous Forest 
Zone. The major rainfall season starts in March or April and 
usually terminates in early August. The minor season is from 
September to December. The annual rainfall ranges between 
1250 mm to 1500 mm and temperature range between 20˚C 
(minimum) in August and 32˚C in March (maximum).  
 
2.2 Description of the Improved Drying Platform 
The sun drying platform is an improvement on the existing 
traditional drying systems used for drying agricultural produce 
under direct sunlight. The improved drying structure is made 
up of the drying platform and a roof cover mounted on a 
support frame above the ground. The platform is raised above 
the ground to allow airflow through the produce from 
underneath. The roof support above the platform is provided to 
allow for covering of the structure at night and during rainfall. 
Side vents are provided to ensure that hot air goes out of the 
structure even when the produce is covered. The base of the 
platform is lined with black fabric materials to ensure efficient 
absorption of heat from the sun. Apart from its use as a dryer, 
the platform can serve as a temporal storage for the produce 
being dried. 

 
2.3 Design consideration 
In designing the sun drying platform, several engineering 
parameters were taken into consideration, some of which 
included air inflow or ventilation requirement, moisture to be 
removed and drying temperature. Other design factors were 
strength of platform, the average height of persons who will 
work on the platform, use of locally available materials, locally 
available expertise for the construction and breakeven 
analysis of the platform from the smallholder farmers’ 
perspective. 

 

2.4 Design Calculations 
 
a) Dead load imposed on structural members 
Equations (1) and (2) as adopted by [30] was used to calculate 
the expected dead and live loads imposed on the structural 
members of the drying platform. 
𝐷𝑒𝑎𝑑 𝑜𝑟 𝑙𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 (𝑁)  =  𝑚𝑔    (1) 

 
𝑇𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠,𝑚 (𝑘𝑔) = 𝜌𝜐     (2) 
 
Where:  

m = Total mass (kg)  
g = acceleration due to gravity (Nkg

-1
) 

ρ = Bulk density (kgm
-3

)  
v = Volume of material (m

3
) 

Total load imposed on the platform was thus obtained by 
adding the dead and live loads using Equation (3).  
𝑃 = 𝑃 + 𝑃       (3) 

Equation (4) was then used to obtain the load imposed on one 
column. 
𝑃 = 𝑃 ÷ (𝑛 − 1)      (4) 
 
Where:  

PT = Total load imposed on platform (N) 
Pd = Dead load (N)  
Pl = Live load (N) 
P = Total effect of load imposed on a single column support 
n = Number of columns 

 
b) Stress and strength analysis of platform 
Fig. 1 shows a schematic diagram of a timber column used for 
determining the allowable compressive stress. 
 
 
 
 
 
   
 
 
 
 
 
 
Fig. 1.  Schematic diagram of timber column with compressive 

load, P and length, l 
 
The allowable compressive stress on the timber column was 
calculated using Equation (5) as recommended by [30].  

       (5) 
Where: 
    P = Imposed load 

    A = Cross-sectional area of column (m
2
) = 

2r  

    δy = Imposed compressive stress due load (N/m
2
) 

    r = radius of column (m) 
For design purposes, columns are classified as short, 
intermediate and long columns based on their slenderness 
ratio. A short column has slenderness ratio less than 30 and 
long column has slenderness ratio above 120 [30]. However, 
between slenderness ratios of 30 to 120 are classified as 
intermediate columns. Equations (6) and (7) were useful in 
determining the slenderness ratio of wood columns. 

δy = 
A

P
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      (6) 
 
Where: 
    le = Effective length of column (m) 
    r = Radius of gyration (m) 
 
Radius of gyration       
 (7) 

 
Moment of inertia, I (m

3
)    

 (8) 
 
A = Cross sectional area of applied load (m

2
) 

 
Allowable compressible load on the wood members was 
determined using Equation (9) as recommended by [30]. 

 
    

 (9) 
 
Where:  
    Pw= Allowable load with respect to buckling (N) 
    kl = Reduction factor depending on the slenderness ratio 
    δcw= Allowable compressive stress (N/m

2
) 

    A = Cross sectional area of the column (m
2
) 

 
c) Ventilation requirement 
The volume flow rate induced by wind is giving by Equation 10 
according to [31]. 
 

                  
(10) 
 
Where: 
    Qwind = volumetric flow rate (m

3
/h) 

    A = Area of the opening (m
3
) 

    V = wind speed or velocity of wind (m/h) 
 
The rate of air movement resulting from buoyancy effect is 
directly proportional to the difference in height between the 
inlet and outlet and the pressure difference. However, the 
pressure difference can be converted to a temperature 
difference. Equation (11) as proposed by [31] was used to 
calculate the wind speed/velocity. 

 
 
             (11)

           
Where: 
    V = discharge velocity (m/s) 
    θ = reducing factor /constant 
    g = Acceleration due gravity (9.81 m

2
/s) 

    H = height difference (m) 
    T1 = Outside temperature (°C) 
    T2 = Inside temperature (°C) 
 
Using the Psychometric chart and the Equation 3, the latent 
heat required for vaporization can be calculated. The latent 
heat required to vaporize the water is shown in Equation (12) 

according to [16]. 
                      

(12)                   

Where: 
    LH = Latent heat of vaporization (J/kg˚C) 
    m = mass flow rate (kg/s) 
    h1= Initial enthalpy (kJ/mol) 
    h2= Final enthalpy (kJ/mol) 

     
                              

(13)   
   

                
 
d)Drying capacity 
The drying capacity of the platform was determined using the 
volume of the drying chamber. Depending on the bulk density 
of agricultural produce to be dried, the drying capacity in 
kilogram of produce can be calculated using the Equation 14.
       
                                               (14)   
                     
2.5 Construction of the Drying Platform 
Materials used for construction of the improved crop drying 

platform 
are wood 

columns, 
wood 

board/slab, black fabric material, coated-steel wire mesh, 
nails, fibre net and canvas material.  
 
a. Coated steel wire mesh  
The coated wire mesh was used as the base for the drying 
platform. It is made of 1-inch sq. plastic coated steel which 
was aimed at rust prevention. Its use was to serve as a 
holding platform material for products to be dried and the 
facilitation of free movement of air into the drying chamber. 
 
b. Wood columns and slabs  
These wood materials were used for the construction of the 
entire frame of the drying platform. The wood selected was 
Milicia excelsa (locally called Odum), which is known to be 
durable and has high strength. Wood members were 
chemically treated using alkaline copper quaternary (ACQ) to 
protect them from insect and fungi damage. 
 
c. Black fabric lining 
The black fabric material was used as the lining material for 
the platform. It has small pores inside to facilitate air 
movement through the produce being dried from beneath the 
platform. The preferred colour of the material is black, as it is a 
good absorber of heat. 
 
d. Canvas material 
The canvas material is placed on the canopy support to serve 
as a protector or cover to shield produce from rain and dew, 
especially at night. 
 
2.6 Economic Analysis 
The cost of drying (with maize as test crop) was computed by 
considering the total fixed (ownership) and total variable 
(operating) costs. Based on calculated total cost of drying and 
assumed per kg (of produce dried) hiring cost, the expected 
revenue and break-even period were determined as used in 
[32]. 
 

λ =
𝑙𝑒

𝑟
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3 RESULTS AND DISCUSSION 
 
3.1 Platform Design 
Based on the design calculations and decisions, the design 
drawing for the drying platform was developed (Fig. 2). The 
platform has 10 columns (wood supports) which hold the 
structure above the ground. It was designed to have a volume 
of 0.605 m

3
 for the product and 1.008 m

3
 for the drying air 

when the roof or frame is covered. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 2. Isometric view of the drying platform 
 
Table 1 shows the part list for the drying platform in Figure 2.  
 

Table 1  
Part list of the drying platform 

Part # Part Name Dimension (m) Qty 

1 Wood column ϕ0.15 × 1.5  10 
2 Rafter 1.5 × 0.10 × 0.05 10 

3 Side slab 1 5.12 × 0.15 × 0.05 2 

4 Web 0.65 × 0.10 × 0.05 2 

5 Ridge 5.18 × 0.10 × 0.05 1 

6 Mesh wire 3.1 × 1.3 1 
7 Side slab 2 1.3 × 0.15 × 0.05 2 

 
3.2 Stress Calculations 
Table 2 provides a summary of the design calculations for the 
dead load imposed by the various members of the drying 
platform on the wood columns. The total dead load computed 
is 1.68 kN. 

Table 2  
Dead load imposed on wood column 

Part Name Dead load (N) 

Rafters 426.70 

Side slabs 547.93 

Web  36.98 

Ridges 147.37 

Base members 520.62 

Total dead load 1679.60 

Since farmers in the study area usually dry crops like Maize, 
Soyabean, Sorghum and Rice, live loads for these crops were 
calculated (Table 3). Using the bulk densities and the volume 
of the drying platform (0.605 m

3
), the masses were 

determined, from which the live loads were computed using 
Equation (1). 
 
 

 
 

Table 3 
Calculation of live loads for selected food crops 

Food crop Bulk density  
(kg/m

3
) 

Total mass  
(kg) 

Live load  
(N) 

Maize 450 272.025 2668.57 

Soyabean 770 465.465 4566.21 

Sorghum 570 344.565 3380.15 

Rice 640 386.88 3795.29 

Using Maize as test crop for the design, Table 4 gives a 
summary of design parameters for the stress and strength 
analysis of the wood column. 
 

Table 4 
Stress and strength analysis for the wood column 

Parameter Result  

Total load imposed on platform (kN) 4.35 
Total load effect per column (kN) 0.48 
Allowable compressible stress (kNm

-2
) 27.47 

Slenderness ratio 16.89 
Allowable load with respect to buckling (kN) 596.64 

 
From Table 4, since the compressible load on the timber 
columns with respect to buckling (596.64 kN) is greater than 
the total load per column (0.48 kN) and total load imposed on 
the platform (4.35 kN), it suggests that the columns can safely 
withstand this load without buckling. This means the selected 
columns with the stated dimensions (ϕ0.15 × 1.50 m) could be 
used in the construction of the platform. 
 
3.3 Ventilation Requirement 
Assuming outside and inside temperatures of 20°C and 32°C 
respectively (from the study area climatic data), the volume 
flow rate of air through the openings was determined to be 
1210.95 m

3
/h while latent heat of vaporization of 15.08 kJ was 

also calculated for the drying platform using a specific volume 
of 0.892 m

3
/kg dry air from the psychrometric chart at 70% 

relative humidity. 
 
3.4 Construction of the Drying Platform 
Fig. 3 presents the detailed drawings to aid construction of the 
sun drying platform.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3.  Detailed design drawing of the sun drying platform 

 

1 
2 3 

4 

5 

6 

7 

All dimensions are in 

mm 
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Fig. 4 illustrates the drying platform with (b) and without (a) the 
full canvas cover after construction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Drying platform with (b) and without (a) canvas cover 
 
3.5 Economic Analysis of the Sun Drying Platform 
a. Bill of quantities (BoQ) 
Table 5 shows the bill of quantities for construction of the sun 
drying platform. The total cost of the drying platform was GH₵ 
942 (US$ 162.83) as of March 2020. Though relatively 
affordable to smallholder farmers, the cost could be reduced 
further by utilizing alternative but equally durable materials 
which could be cheaply acquired from farmer’s field. 

 
Table 5 

Bill of quantities for the improved drying platform 

Item Description Qty 
Unit 
Cost 
(GH₵) 

Total 
Cost 
(GH₵) 

Wood column 2‖ × 4‖ 15 pcs 10 150 
Wood column 2‖ × 3‖ 6 pcs 12 72 
Wood board 16ft × 1ft × 1‖ 10 pcs 10 100 
Coated wire mesh 50ft × 4ft 1 roll 150 150 
Fabric material  20ft × 4ft  1 100 100 
Canvas material 18ft × 14ft  1 200 200 
Steel nails  4‖ 1 pd 10 10 
Steel nails 3‖ 1 pd 10 10 
Steel nails 1‖ 2 pds 10 20 
Wood treatment ACQ 1 L 30 30 
Labour cost 

   
100 

Total 
   

942 

 
b. Cost of drying 
Table 6 depicts the cost of hiring out the improved drying 
platform for drying maize. Taking into consideration the 
prevailing environmental or climatic conditions, it was 
assumed that it will take three full sun days for the produce 
(maize) at 23%(w.b.) moisture content to dry to 13% (w.b.) 
moisture content for safe storage. This suggests that in a 
month, there can be approximately 10 drying sessions under 
favourable climatic conditions. 
 

Table 6 
Cost analysis of drying maize with the sun drying platform 

Parameter Value Expense  Income  

Volume of platform (m
3
) 0.605   

Bulk density (kg/m
3
) 450   

Capacity (kg of produce) 272.25   
Drying times per month 10   
Fixed (setup) cost (GH₵)  942  
Variable cost (GH₵)  200  
Drying charge (GH₵/kg)   0.1 
Revenue per drying (GH₵)   27.23 
Total revenue (GH₵)   272.3 

The improved drying platform when used to dry maize with a 
bulk density of 450 kg/m

3
 at full capacity of 272.25 kg for 10 

times in a month can yield a total monthly revenue of GH₵ 
272.25. 
 
c. Breakeven analysis 
Fig. 5 illustrates the breakeven analysis of the improved drying 
platform based on cost estimations in Table 6. 

Fig. 5. Breakeven analysis of the drying platform 
 
The improved drying platform, at a total fixed cost of GH₵ 942, 
a monthly variable cost of GH₵ 200 and hiring cost of GH₵ 
0.1 per kg of Maize dried, could break even after 
approximately 13 months of operation.   
 

4 CONCLUSION 
With a total dead and live load of 4.35 kN and an allowable 
compressible load of 596.64 kN, the structural support 
columns of the sun drying platform design could safely 
withstand the drying of maize without buckling. The sun drying 
platform has a maximum drying capacity (volume) of 0.605 m

3
. 

The airflow rate of 1210.95 m
3
/h and a latent heat of 15 kJ in 

the study area could allow for efficient drying of agricultural 
produce. Construction of the improved drying platform was 
done using locally available materials and expertise. 
Characteristically, the sun drying platform is raised 0.90 m 
above the ground to allow airflow through the produce from 
underneath the structure. A roof frame is provided to allow for 
covering of the structure at night and during rainfall. Side vents 
are to ensure that hot air goes out of the structure even when 
produce is covered. The base of the platform is lined with 
black fabric materials to ensure absorption of heat from the 
sun. Apart from its use as a dryer, the platform can serve as a 
temporal storage for the produce being dried. The improved 
sun drying platform was constructed at a total cost of GH₵ 
942. With estimated variable cost of GH₵ 200 per month and 
hiring cost of GH₵ 0.1 per kg, it is expected that a farmer 

a 

b 
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could make a revenue of GH₵ 272 on monthly basis when 
used to dry shelled maize while breaking even after 
approximately 13 months. Field performance assessment of 
the improved platform dryer, leading to dissemination, will help 
farmers benefit from this technology and thereby reduce 
postharvest loses, especially among smallholder farmers and 
processors. 
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