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Abstract: The study was an experiment directed towards solving post-harvest problems of grain-crop farmers in 

Nasarawa State, one of the States in the middle belt region of Nigeria through the design and construction of a 

community-based solar-driven food dryer. Three research questions and one null hypothesis were formulated to 

facilitate the study. The R & D model of experiment with small-scaled survey was employed for fabricating and 

assessing the constructed solar dryer through a test run. Results showed that the solar dryer which was to load, 

unload and clean, effectively dried food grains quickly at temperature of about 440C. The dryer was relatively 

compact and lightweight for portability, and also found to be pest-proof and of promising durability. There was 

no significant difference between the perception of male and female farmers regarding the effectiveness of the 

solar dryer. The researchers concluded that the use of the developed solar dryer could drastically reduce post-

harvest losses of food crops and so becomes a sure potential for large scale preservation of staple food crops in 

Nigeria. It was therefore recommended that federal and state governments should assist farmers organised in 

cooperatives to establish solar dryers for food preservation. 
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I. Introduction 

The middle belt region of Nigeria is a large scale producer of food crops particularly grain crops. The region 

consists of the six States in the North Central geo-political zone and includes Nasarawa State and the Federal 

Capital Territory of Abuja. The region has been described as the food basket of the country. The food grains 

produced in commercial quantities include sorghum, rice, millet, maize, cowpea, soybean, groundnut and lima 

bean. Due to its central location in the country, the region supplies the teaming population of Nigerians in the 

adjacent federal capital as well as the States to North, South, East and West of Nigeria. Unfortunately, however, 

the farmers that labour to produce the grain food crops do not derive commensurate benefits from the harvests 

especially during bumper harvests. The post-harvest management of the harvested grains and even of other root 

crops such as yam tubers and cassava remains a formidable problem.  They rely solely on natural sun drying to 

dry their food stuff. Most of their food grains are spoiled or destroyed due to poor or inadequate storage. Thus, 

the traditional methods of food preservation do not suffice since much of the harvested food grains are lost 

annually to rot, weevils, moulds, and decay due to poor preservation and storage systems. The challenge 

remains how best to enhance the management and conservation of vital food resources thereby enhancing the 

utility value of the harvests to the producer-farmers and ultimately influencing the sustainability of their 

occupation.  

Purpose of the Study 

The purpose of this study was to evolve an efficient and sustainable method of preserving harvested grain crops 

through the construction of a prototype community-based solar dryer for the benefit of the farmers and the 

ultimate advantage of consumers that would enjoy stable prices all through the year. Specifically, the study 

intended to: 

1. Design and fabricate a solar dryer capable of serving a farming community 

2. Assess the effectiveness and utility value of the developed solar dryer  

3. Investigate the perception of the local farmers on the use of solar dryer for preserving their grain 

products 

Research Questions 

1. What specific construction components are required for establishing one solar dryer? 

2. How effective is the constructed solar dryer in satisfying the purpose of erecting it? 

3. What is the perception of the local farmers who are potential beneficiaries on the use of solar dryer for 

preserving their grain crops? 

Statement of Hypothesis 
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There will be no significant difference in the perception of crop farmers segregated according to sex about the 

effectiveness of the solar dryer for post-harvest preservation of crops 

 

II Review of Literature 

In the olden days, it was easy for farmers in the traditional society to store food by direct solar drying through 

exposure to direct insolation. Food materials were dried on mats, roof tops, eaves of buildings, and on road 

sides. Some other methods were drying in simple wooden structures, traditional kitchen drying and in local 

ovens. This practice may be termed dehydration of food. It helped to prevent growth of microbes [1]. Similarly, 

treating with salt also helped women to store wet food, especially fish and meat. However, these methods are 

labour intensive. Furthermore, they expose the food items to the vagaries of the weather, especially pollution by 

dust and to attacks by rodents and thieves. In addition to these demerits, the quality of drying is adjudged to be 

poor for producing a variation of moisture content besides requiring a very large area [2]. The operations were 

small-scaled and limited and merely served local needs since nobody engaged by that time in export trade. In 

contemporary times however, various techniques have been devised for preserving various types of food [3]. 

Advances in science and modern technology have facilitated new methods of food preservation supported by 

easy means of transportation and globalized distribution networks [3]. Based on modern inventions and 

industrialization which have opened up new possibilities, food preservation methods helped enhance the aroma 

and flavor of the food [3]. The commonly used food preservatives are olive oil, salt, sugar, vinegar and 

rosemary extract. However, foods can be inexpensively preserved by using canning, freezing, or drying 

techniques [4]. Canning is achieved by applying heat to food that is sealed in a jar in order to destroy any 

microorganisms that can cause the food to spoil. Canning and bottling therefore help to retain the original taste 

and flavour of the preserved foods. Hence, they are generally adopted in many industrialised countries for the 

preservation of commonly used foods. However, canning or bottling has the disadvantage that once the can or 

bottle is opened, the content should be consumed completely, otherwise the leftover food is likely to get spoiled 

[4]. Food preservation through freezing turned out to become the key to extending the precious bountiful 

harvests of locally grown crops throughout the year [5]. Freezing may be considered the most convenient 

preservation method, although a constant supply of electricity is a condition precedent for freezing to thrive. 

This makes the preserved food vulnerable to power outages and mechanical failures. There is also the likelihood 

of food losing its taste due to freezer burn which could limit the storage life of most foods to no more than about 

six months. Thus, drying is commended as an excellent method of food preservation because it maintains a high 

level of flavour and nutrients and at the time provides a convenient, compact, easy-to-store supply of staple food 

items [5]. Solar dryers enjoy preference over electric food dryers because the latter while working fine produces 

a lot of nauseating noise, heat and even odors in the house. Another relative advantage of solar dryers is that 

they can be located outside the house unlike electric dryers that must necessarily be located within the house 

thereby occupying valuable space in addition to the possibility of attracting pests such as cockroaches and ants. 

Experience has also shown that solar dryers work much faster than electric dryers [6]. When the burden of 

paying the bill for electricity is added, it will no longer be a wonder that solar dryer is preferred for drying food 

with free solar. Admittedly then, the best and most efficient unit for drying (or dehydrating) food is by the use of 

electric dehydrator and of course, solar drying technology appears to be the most economical utilization of 

electrical power for preserving food products because it uses solar radiation that comes from nature and does not 

suffer extinction [4]. Different types of solar dryers exist but they fall into two broad categories: active and 

passive. The active dryers require an external means such as fans or pumps for moving the solar energy in the 

form of heated air from the collector area to the drying beds while passive dryers use only the natural movement 

of heated air and can further be divided into direct and indirect models [7]. A direct passive dryer is one in 

which the food is directly exposed to the sun’s rays usually for drying small amounts of foodstuffs. The indirect 

model of passive dryers is one in which the sun’s rays do not strike the food to be dried. Indirect dryers vary in 

size from small home fryers to large-scale commercial units. The following features make a good solar food 

dryer that works well [8]: 

 Adjustable venting for control of airflow and drying temperature  

 Easy food loading, unloading, and cleaning  

 Easy to set up and put away (with little or no assembly)  

 Relatively compact and lightweight for portability and storage  

 Adequate food-drying capacity for your home garden  

 Weather-resistant enclosure to keep your food dry in the event of rain  

 Sturdy and pest proof with all vent openings screened  

 Food screens made from durable, non-stick, food-safe material  

 Designed for a long life of outdoor operation  

 Ability to add electric backup heating, if desired 

 Tested and proven with satisfied users 
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III Methodology 

The study was conceived as a research and development (R & D) experiment with small-scaled cross-sectional 

field survey. The R & D model is a creative work undertaken on a systematic basis in order to increase the stock 

of knowledge usable for devising new applications [9]. In this study, R & D model is delimited to the 

construction and assessment of the effectiveness of a locally fabricated solar dryer for preserving grain crops in 

the Middle belt region of Nigeria. The study population consisted of accessible local farmers in the study area 

estimated at a few thousands. For the perception of local farmers on solar dryer, a sample of 50 literate crop 

farmers consisting of 30 males and 20 females was randomly selected from Akwanga Local Government Area 

of Nasarawa State which is designated the food basket of the nation.  

 

Design and Operation of the Solar Collector 

The project was conducted in four phases as follows: 

i. Identification of a strategic site for the pilot solar dryer based on the principle of comparative 

advantage 

ii. Acquisition of the materials and needed technical inputs for developing the solar dryer 

iii. Fabrication of the Solar dryer 

iv. Assessment of the effectiveness of the solar dryer through test run before local farmers 

There was judicious selection of materials for construction of components of the solar dryer based on 

availability, cost, and workability. Aluminum was selected on account of its good conductivity and used to 

construct the solar collector which was painted black for maximum absorption of solar rays. Iron sheets of 1.5 

mm size with polystyrene insulator in-between were used to construct the structure of the solar absorber, while a 

plane glass of 3mm thickness was used to cover the iron solar plate absorber.  

Instrumentation 

The instrument was a 5-point Likert Scale developed by the researchers for assessing the effectiveness of the 

solar dryer and the user adaptability to its use.  

Validity and Reliability of the Instrument - The rating scale was validated through the consensus appraisal of 

experts in research and agricultural economics using a validation scale that gave rational validity index of 0.87. 

For its reliability, the instrument was subjected to trialing that yielded data for establishing the internal 

consistency of 0.83 calculated with the Cronbach alpha method. A research assistant was used to help the 

researchers in securing a suitable site for the solar dryer.  

 

IV Results 
Research Question 1: What specific construction components are required for establishing one solar dryer? 

This question was answered by related the construction components of the solar dryer to the necessary 

parameters associated with solar dryer system as determined using the tables and equations developed by Hottel 

and Woertz [10], and expounded upon by Jannot and Coulibaly [11]. The components consisted of 21 

Reinforced transparent glass sheets (2mm), 24 Galvanized square pipes, 15 sheets of 18 gauge aluminum sheets, 

15 sheets of Styrofoam (2-3mm), 4 Polyvinyl Chloride tubes with grooved ends, 4 buckets of Metallic black 

paint, 5 pieces of 3
4
″ rods and Welding, masonry and painting work. Evidently, one medium-sized solar dryer 

was designed and fabricated following standard design stipulations. The solar dryer was produced with locally 

available materials and was subjected to trial in order to assess its workability. 

Research Question 2: How effective is the constructed solar dryer in satisfying the purpose of erecting it? This 

research question was answered by considering the responses to items 1 – 5 of the questionnaire. Analysis was 

based on relative frequencies of the respondents to the items as shown under Table 1. 

 

Table 1: Assessment of the Produced Sola Dryer by Local Farmers 
S/N Description of items SA % A % U % D % SD % Tot % 

1. The dryer is easy to load 15 30 32 64 - - 3 6 - - 50 100 

2. It dries food quickly like a good electric 

food dryer 

14 28 34 68 1 2 1 2 - - 50 100 

3. It is easy to set up and put away 18 36 26 52 2 4 3 6 1 2 50 100 

4. It’s easy to unload and clean 17 34 23 46 - - 7 14 3 6 50 100 

5. It’s relatively lightweight and easy to move 

about 

20 40 23 46 - - 6 12 1 2 50 100 

The functionality of the constructed solar dryer was attested to by the research subjects in their responses to the 

questionnaire based on what they observed during the trialing. On the easiness of loading the dryer, 94% of the 

respondents were in agreement and only 6% disagreed. Similarly, 96% agreed that the solar dryer dries food 

quickly like a good electric food dryer. About 80% were positive that the dryer was easy to unload and clean 

while 88% agreed that the weight was light for easy movement. 
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Research Question 3: What is the perception of the local farmers who are potential beneficiaries on the use of 

solar dryer for preserving their grain crops? This question is anchored on the technical aspect of the 

functioning and was answered by considering the responses to items 6 – 10 of the questionnaire as shown in 

table 2.  

Table 2: Potential Beneficiaries’ perception of the utility value of the Solar dryer   
S/N Description of items  

SA 

% A % U % D % SD % Tot % 

6. It keeps food dry in the event of rain 14 28 27 54 6 12 3 6 - - 50 100 

7. It has strong construction and can last for years 18 36 29 58 1 2 2 4 - - 50 100 

8. It allows insects to enter and eat the crop 0 0 3 6 8 16 20 40 19 38 50 100 

9. The venting controls allow for easy adjustment of 

drying temperature & airflow. 

5 10 11 22 25 50 9 18 - - 50 100 

10. The food trays are made from coated food-safe 
materials 

3 6 15  30 24 48 5 10 3 6 50 100 

 

From Table 2, there was evidence that about 84% were convinced that the solar dryer could keep food dry even 

in the event of rainfall. By appreciating the structure of the dryer 94% of the potential beneficiaries agreed that 

the dryer was constructed with strong iron materials that could assure its durability. On the easiness of setting up 

and putting away the solar dryer, 88% were positive while 8% disagreed and 4% were undecided. The ability of 

the dryer to prevent insects from having access to crops in it, 78% of the respondents disagreed while 16% were 

not sure. It is observed that 50% of the respondents were undecided on whether the venting controls allow for 

easy adjustment of drying temperature and airflow. Nevertheless, 32% were positive on the item. Only 36% 

agreed that the food trays were made from coated food safe materials while 16% disagreed. The high percentage 

of undecided in this item suggests ignorance of what is entailed by the item. Anyhow, the monitored 

temperature readings in the solar dryer system is shown in Table 3 below.   

Table 3: Average Maximum Temperatures at 0C, 2014 (Collector tilt was to the West) 

Month Ambient Drying Chamber Right Collector Left Collector 

July 29.06 45.23 44.32 45.25 

August 30.54 45.24 45.37 44.91 

Sept. 32.22 44.74 45.19 44.67 

 

The temperature readings in the solar drying system were monitored at intervals of two hours following the test. 

It was observed that the moisture content of the grain reduced from 26% to 13%. What happened was that as the 

food crop dried, the moisture evaporated with the hot air. In effect, the solar drying of food crops could improve 

the quality of the product, while reducing wasted produce and traditional fuels [12].  

V. Discussion 

The experiment has shown that solar drying is effective for preserving food products. Indeed, it has the potential 

for large scale preservation of staple food crops that often get spoilt after bumper harvests. The use of traditional 

methods of open-air sun drying is grossly inadequate since much of the products deteriorate rapidly added to the 

insanitary defects of the local methods of food preservation. Unarguably, the traditional methods do not protect 

the products from contamination by dirt, debris, insects, or germs. Evidence abound to nearby sib-tropical 

country, precisely Cape Coast of Ghana,  indicate that food items dried in a solar dryer could be superior to 

those which were dried by the traditional exposure to the sun especially when assessed in terms of taste, color, 

and mould counts [13]. This suggests that solar drying systems relying on energy from the sun possesses 

abundant potential for large scale food preservation in sub-tropical regions.  

The designed solar dryer effectively reduced the moisture content of maize grains to about 13% which is 

satisfactory for the markets since the water content of properly dried food varies from 5 to 25 percent depending 

on the food]14]. Indeed, the drying provided by the solar systems successfully preserves foods through the 

removal of the moisture from food thereby preventing putrefaction and spoilage. Furthermore, the fabricated 

solar dryer recorded a drying chamber temperature of 440C which is below the maximum permissible 

temperature of 45 0C that is prescribed for drying agricultural products meant for planting [15]. In this regard, 

the designed solar dryer system could adequately the dual farmers’ purposes of supplying the market as well as 

conserving seeds for the next planting season.  

Perhaps the singular challenge in developing solar dryers is in connection with the initial capital outlay for the 

construction. However, once this challenge has been scaled through, the subsequent benefits are monumental 

and include: drying food as quickly as a good electric food dryer, easy adjustment of drying temperature and 

airflow, easy to load, unload and clean, easily portable being relatively compact and lightweight, weather-

resistant and keeps food dry in the event of rain, pest-proof, and with durable and food-safe trays [5]. In 

addition, dried foods are tasty, nutritious, lightweight, easy-to-prepare, and easy-to-store and use; energy input is 

less than what is needed for freezing; requires minimal storage space relative to canning jars and freezer 

containers; dried grains are high in fiber and carbohydrates and are very suitable for processing into flour unlike 



Anikweze et al.,  American International Journal of Research in Formal, Applied & Natural Sciences,  11(1), June-August 2105, pp. 13-17 

AIJRFANS 15-311; © 2015, AIJRFANS All Rights Reserved                                                                                                                Page 17 

some other dried foods that are susceptible to mould due to incomplete drying. Solar dryer completely 

eliminates mould from preserved grains [14].  

Majority of the indigenes in the middle belt of Nigeria are preponderantly peasant farmers and cannot afford the 

huge cost of constructing solar dryers. In this regard, a way to enable them exploit the benefits of this innovative 

method of food preservation is for government to intervene by encouraging formation of Cooperative Societies 

and assisting them with funds to facilitate such projects on communal basis.  

VI. Conclusion 

The developed dryer provides an effective method of preserving agricultural crops particularly grains. By using 

this type of dryer, it will be possible for the farmer to remain in farming business, by avoiding post-harvest 

losses. Furthermore, solar food drying is an ideal method of applying solar energy to advantage. The initial cost 

of a solar dryer may be prohibitive to an individual local farmer, but as a community-based project, the farmers 

could form a synergy and exploit the benefits of solar-driven food dryer with perennial life span.   

VII. Recommendations 

Based on the outcome of this study, it is recommended that the State governments in the middle belt region of 

Nigeria should buy into this tested strategy and encourage improved grain crop production by sponsoring the 

development of several solar dryers to assist farmers reap greater benefits from their farming activities. The 

federal and State governments could also coordinate the intervention of the Agricultural banks and even non-

governmental agencies to assist the rural farmers with soft loans for developing solar dryers and grain storage 

devices to sustain them in the farming business for the good of entire Nigerians.   
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