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INTRODUCTION 

Maize is one of Guatemala’s main crops, it is grown in over 

800 thousand hectares [1]. It constitutes a great part of peo-

ple’s diet and it is a source of food security for many families. 

This crop is susceptible to the growth of yeast and fungi; this 

last group produces secondary metabolites that are toxic to 

humans, called mycotoxins [2]. Mycotoxins are strongly re-

lated to health issues such as liver cancer and stunting [3].  

General approaches for reducing mycotoxins include: chang-

ing consumption patterns, improving pre-harvest and post-

harvest practices. Most subsistence farmers in Guatemala lack 

access to appropriate drying technologies for improved post-

harvest practices. This work presents the design, manufacture 

and evaluation of a solar maize dryer for subsistence farmers.  

OBJECTIVE 

Design, manufacture and evaluate the operation of a maize 

dryer, that does not rely on constant electric energy, allowing 

the reduction of the grain’s content of humidity to decrease to 

14%.  

METHODOLOGY 

The project was divided in three major stages: design, manu-

facture and evaluation. Prior to the design phase several re-

quirements where establish including: safety, social, usage, 

grain quality, structural, design and economic requirements.  

A. DESIGN 

During the design stage different types of dryers where re-

searched and analyzed. Through a trade study a hybrid type 

of dryer that could combine solar power with firewood was 

selected. To harvest solar power a flat plate collector was de-

signed according to the region’s solar potential estimate. As a 

secondary source of energy an efficient cook stove was incor-

porated to the design. After several iterations using Auto-

desk’s Inventor software, for the CAD design, the dryer was 

modeled as seen in Fig. 1.  

 
Fig.1 CAD model of dryer 

B. MANUFACTURE 

The dryer was built in UVG’s (Universidad del Valle de Gua-

temala) makerspace “Maker 502” with locally available ma-

terials. It took over two months of in-house work to complete 

the dryer including; cutting, painting, welding (Fig. 2), and 

sub-assembling.  

 
Fig.2 Welding of metal structure for solar collector 

C. PILOT TEST 

For initial testing the prototype was assembled in UVG’s 

parking lot. A three-day pilot test was conducted to validate 

measurement points and the prototype’s general functioning.  

D. FIELD EVALUATION 

The prototype was taken to Chiantla, Huehuetenango (a rural 

farming region in Guatemala). It was assembled in-situ and 

evaluated in a farmland (Fig. 3). Drying tests were performed 

with local shelled maize (Fig. 4) during 2 days from 9:30 am 

to 4:00 pm. 

 

Fig.3 Prototype assembled in Huehuetenango 



  

 
Fig.4 Shelled maize on tray with temperature and relative humidity sensor 

RESULTS 

Trays were labeled from one to four, number one being the 

bottom tray and number four the tray closest to the top PVC 

sheet, as seen on Fig. 5. Temperature variations in each tray 

are shown in Fig. 6 for the first day and in Fig 7 for the second 

day.  

 
Fig.5 Tray arrangement. 

 

Fig.6 Temperature variation, per tray, for day one 

 

Fig.7 Temperature variation, per tray, for day two 

The grain’s content of humidity was measured in the field at 

the beginning and at the end of each day. Results for the field 

experiment are summarized in table 1.  

Table 1 Content of humidity per tray  

  Tray 1 Tray 2 Tray 3 Tray 4 

Initial content of    

humidity (%) 

  22.4 22.4 22.4 22.4 

Final content of      

humidity (%) 

 14.8 14.5 14.3 14.5 

DISCUSSION 

The tray with the highest temperatures was tray number 1 in 

both days due to the closeness to the hot air inlet, coming from 

the solar collector. Tray number 4 presented the second high-

est temperatures for both days as well, most likely because of 

the proximity to the top PVC sheet which allowed direct solar 

radiation.  

The temperature dispersion for the first day is bigger, proba-

bly because it was mostly a sunny day while the second day 

was cloudier.  

Temperature measurements between the solar collector and 

the cabinet showed the efficient cook stove was barely in-

creasing the air’s temperature (less than 5° C). The cook stove 

and heat exchanger were discarded as a secondary heat source 

for the dryer.  

IMPLICATIONS AND FUTURE RESEARCH 

The study established a precedent for drying maize with a so-

lar dryer in Huehuetenango region, a rather cold and cloudy 

area of Guatemala, suggesting its potential for other warmer 

and sunnier regions of the country. Future research by Uni-

versidad del Valle de Guatemala involves monitoring myco-

toxins in the area and further studying post-harvest practices 

that can mitigate mycotoxins’ levels in maize.  
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