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Abstract: This study presents a novel Mobile Solar Cooling System (MSCS) designed to enhance the cold chain 

for leafy vegetables by leveraging solar energy for sustainable and cost-effective refrigeration. The MSCS 

maintained an average storage temperature of 9 ± 4°C and relative humidity of 85 ± 10%, significantly 

improving the preservation of green amaranth compared to ambient conditions (average temperature: 30 ± 

2°C). Key system metrics include a coefficient of performance (COP) of 1.6, indicating efficient energy use, with 

an average daily energy consumption of 1190 Wh. The system extended the shelf life of green amaranth to 18 

days, as opposed to 5 days under ambient storage, while minimizing weight loss, retaining up to 87.25% 

moisture, and preserving essential nutrients such as Vitamin A (51.35 mg/100 g) and beta carotene (22.49 

mg/100 g). The microbial load remained within internationally acceptable limits, with bacterial counts below 

10⁵ and fungal counts of 10³-10⁴. This innovative system has the potential to reduce postharvest losses, ensure 

food safety, and enhance food security in regions with limited access to conventional refrigeration 

infrastructure. The MSCS is recommended for scaling and adoption by stakeholders in fruit and vegetable 

supply chains, with further potential for application across a variety of perishable crops. 

Keywords: mobile solar cooling system; leafy vegetables; food security; postharvest loss; energy 

efficiency; sustainable agriculture 

 

1. Introduction 

Food is one of the basic needs of life for the survival of human beings. It is essential in order to 

provide opportunities for physical, mental and social development of an individual. Provision of 

food that is healthy, sufficient in quality and quantity, affordable, safe and culturally acceptable for 

all inhabitants of the world is a necessity [1,2]. All people have a right to adequate food that does not 

only meet the minimum requirements for survival but is also nutritionally adequate for health and 

well-being [3]. Fruits and vegetable are good sources of vitamins and minerals without which human 

body cannot maintain proper health and develop resistance to disease [4]. Nigeria is one of the major 

producers of fruit and vegetable commodities in the world [5] and ranked the one hundred and fifty 

ninth largest producers [6,7]. Leafy vegetables have tremendous potential to address poverty 

alleviation and nutritional security because they are affordable, easily available, easy to grow, require 

minimum production input, rich in vitamins, minerals, phytochemicals and antioxidants [8]. Leafy 

vegetables are eaten in a variety of ways as part of meals and snacks. The consumption of fruits and 

vegetables is important due to the nutrients they contain, which can limit the risk of cardiovascular 

diseases and cancer [9]. They possess considerable quantities of vitamins A, B, C, D, E and K, which 

generally help in protecting the human body against diseases and contribute in no small measure to 

good health [10]. Poor and inadequate postharvest infrastructure results to significant losses of these 

produces [11]. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 December 2024 doi:10.20944/preprints202412.1162.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202412.1162.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

Storage of fresh fruits and vegetables after harvest is one of the most pressing problems faced 

by farmers and handlers of these commodities. Due to their high moisture content, fruits and 

vegetables are liable to spoil and as such, making postharvest losses to result in direct food and 

income losses to farmers and consumers globally [12]. The metabolic activities of fruits and vegetables 

continue after harvest because they live, transpire, respire and continue to ripe and the deterioration 

rate increases due to ripening, age and unfavourable environmental factors [13]. Hence, preserving 

these commodities in their fresh form demands that the chemical, bio-chemical and physiological 

changes are restricted to a minimum by controlling of space temperature and humidity [14]. Sizeable 

quantity of produce deteriorates by the time it reaches the consumer due to inappropriate handling 

methods. This is mainly because of the perishable nature of the produce which requires a cold chain 

arrangement to effectively maintain the quality and extend the shelf-life [15]. Therefore, there is the 

need for the improvement of the thermodynamics of agricultural processing systems [16]. Most of 

the fruits and vegetables produce require a cooling temperature between 0 °C and 5 °C for safe 

storage and transit purposes [17]. Postharvest losses of about 50% of the total production are recorded 

for these commodities [18]. In the absence of cold storage and related cold chain facilities, the farmers 

are forced to sell their produce immediately after harvest which results to glut and low price 

realization [19]. The usage of electrically powered cold storage is a challenge in Nigeria due to non-

availability of electricity and in some areas where it is available, it is epileptic in supply. It is desirable 

in this modern time that there is the necessity to develop viable energy sources with unlimited 

duration and smaller environmental impact than the traditional one because of the high energy 

demand all over the world for industries as well as in the domestic sector [20]. Maintaining physical 

and nutritional qualities entails utilization of cold chain facilities, therefore the study was aimed at 

design, constructing and evaluating a mobile solar cooling system with green amaranth vegetable 

adopting a comparative approach between storage under ambient conditions (under shed and in the 

mobile solar cooling system).  

2. Materials and Methods 

The Materials used for this study were categorized into three main groups: 

1. Construction Materials: 

Insulation materials: Various types of insulation materials were selected to minimize heat loss 

and maintain the internal temperature of the mobile solar cooling system (MSCS). The choice 

of insulation material was guided by its thermal resistance, durability, and cost-effectiveness. 

Frame and Enclosure: These were made from lightweight, corrosion-resistant materials such 

as aluminum and polycarbonate. The design aimed at achieving a balance between structural 

integrity and portability. 

Solar Panels: High-efficiency photovoltaic (PV) panels were selected to capture sunlight 

effectively and convert it into electrical power for cooling. The orientation and mounting of 

these panels were optimized to maximize solar energy absorption. 

2. Evaluation Materials (Green Amaranth): 

Sample Selection: Fresh green amaranth was selected as the test material due to its sensitivity 

to temperature variations. This choice provided a representative case to study the effectiveness 

of the MSCS in preserving the freshness and shelf life of perishable vegetables. 

Preparation for Testing: The green amaranth was cleaned, sorted, and weighed before being 

placed inside the MSCS. The weight and condition of the amaranth were monitored at regular 

intervals to evaluate the cooling system’s performance. 

3. Instruments/Equipment: 
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Measuring Devices: A set of digital thermometers, hygrometers, and data loggers were used 

to monitor the internal temperature and humidity levels within the MSCS during operation. 

These instruments allowed for precise tracking of environmental conditions inside the system. 

Power Meters: Used to measure the energy consumption of the MSCS and the output from the 

solar panels. This data helped in assessing the system's energy efficiency and sustainability. 

Load Cells: To measure the weight of the vegetables, providing insights into moisture content 

and loss over time due to cooling. 

2.1. Design Considerations 

In designing the mobile solar cooling system (MSCS), the following factors were taken into 

account: 

i. Capacity and Total Weight of the MSCS: 

The capacity was designed to hold up to 50 kg of fresh vegetables, balancing cooling 

efficiency with portability. 

The total weight was minimized to ensure easy mobility, especially important for users in 

remote areas. 

ii. Insulation Materials: 

The selection of insulation materials was critical to maintaining the internal temperature. The 

design aimed at optimizing the thermal resistance to prevent heat ingress from the external 

environment, thereby enhancing the cooling efficiency of the system. 

iii. Heat Load Calculations: 

Calculations were conducted to determine the thermal load based on the amount of heat 

generated by the solar panels and the ambient temperature conditions. These calculations 

guided the selection of cooling capacity and the design of the ventilation system to effectively 

manage the heat within the system. 

iv. Compactness and Availability of Construction Materials: 

The system was designed to be compact yet sturdy, making use of readily available 

construction materials to reduce costs and facilitate easy maintenance and repair. The goal 

was to create a practical solution that could be easily replicated in different settings. 

2.2. Materials Needed for the Mobile Solar Cooling System (MSCS)  

The materials needed for this work are classified into construction materials:  

i. Mobile devise: A tricycle 

ii. Solar components: solar panels, charge controller, deep cycle solar battery, circuit breakers, cable 

and cable connectors and switch board. 

iii. Cooling component materials: DC compressor accessories, condenser with fan, water bath with 

water as phase change material, evaporator plates on which ice was formed, a brushless DC 

water pump to convey chilled water to the storage chamber, water hoses, clips and refrigerant 

(R600a) isobutene which is environmental friendly. 

iv. Storage chamber component materials: polyurethane panels of 60mm insulation thickness for 

rectangular shape storage chamber construction, stainless pipe for construction of racks and 

shelves, stainless mesh was used for construction of trays where produce were arranged, heat 

exchanger (evaporator) with fan to circulate thermal cooling energy in the storage chamber. 

v. Other items for construction are galvanized metal sheets, bolts, nuts and screws to fasten the 

walls of storage chamber and other parts together, a 45 litres (from calculation) insulated plastic 

container was used for water chiller bath to avoid thermal losses, electrodes (both stainless and 

mild steel type will be used for welding the various metal parts. 
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2.3. Instrumentation devises for the research work 

The following instruments, equipment and apparatus were used in the study,  

i. A digital camry weighing scale (30 kg) and (600 g) capacity of 0.001 kg accuracy, ACS – 30 – JE 

11, made in china – was used for   measuring the weights of samples. 

ii. Hobo Humidity/Temperature automated Data logger (ONSET MX2301, WXF – ONST3) - It 

monitors temperatures from -40 to +85°C. It has built-in temperature sensor, Case waterproof to 

ip68, User programmable alarms, User-replaceable battery, 32,000 reading capacity, High 

reading resolution, Fast data offload and Low-battery monitor. 

iii. Fruit and vegetable portable colourimeter (WR10QC – 8, 10QC230754) was used to monitor the 

test commodity’s colour change. 

iv. Solar power meter (NO. 11128388, LCD display, w/m2 or BTU) – this was used in measuring 

solar insolation of the sun in the study location. 

v. AC and DC multimetre (Etekcity-C600 digital clamp metre) – this was used to measure the 

current in solar panels, batteries, compressors and charge controller.  

vi. Four channel thermocouple: 3 (three) of this channel was used to record the temperature of water 

in the water chiller bath and the remaining 1 channel is to record ambient temperature. 

vii. Thermostat was used to control the temperature both in the storage chamber and in the water 

chiller bath.  

viii. Smart Sensor Digital Anemometer AR826 (Graigar, China) measuring to an accuracy of 0.3 m/s. 

This is to measure the air velocity in the storage chamber 

2.4. Design Calculations 

2.4.1. Calculation of Total Heat Loads 

Heat loads is the total amount of heat that the cooling system will remove from the storage 

chamber. The leaks and splashes of heat transmitted in a storage chamber of a cold room will be 

generated from several critical heat sources which are: Heat of conduction, infiltration heat load, 

product heat load (sensible and respiration) and miscellaneous heat load 

(1) The total heat of conduction through the insulated walls of the storage chamber of the MSCS 

will be obtained using Equation (1) as reported by Ogumo et al. [6] 

, 
(1) 

where Q = heat load kwh/day 

U = thermal conductivity of insulation material (0.023 to 0.026) 

A = Area of sides, roof and floor of storage chamber (m2) = 3.68 m2 

              𝑡1 = Air temperature inside storage chamber (10 0C) for mango 

              𝑡2 = Ambient temperature (28 0C) average of min. and max. temperature 

d = thickness of the wall (m) = 0.06  

(2) Calculation of field heat of produce in the storage chamber 

This is the sensible heat /field heat load that is needed to be extracted from the   

produce, heat that is picked up by produce from the farm and it is required be cooled to the 

required storage temperature, this will be obtained in line with Kazem et al. [21] using Equation 2 

, (2) 

where:  

QPS = Produce sensible heat (kwh/day),  

M = Mass of produce (kg), = 25 kg 

Cp = Specific heat of vegetable, (3.77 kJ /kg 0C)  

t 2 = initial temperature of produce (0C), = 28 0C 

t1= Storage temperature (0C), = 10 0C 

(3) Calculation of heat of respiration of produce in the storage chamber  

( )
d

ttAU
Q 12 −
=

)( 12 ttCMQ PPS −=
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This is heat generated by the produce as a natural by-product of its respiration, this will be obtain 

using Equation 3 in accordance with Kazem et al. [21]. 

, (3) 

where Q =Heat of respiration of produce (kwh/day) 

m = mass of produce to be stored in (kg) = 25 kg 

h = heat transfer coefficient of vegetable = 0.55 (w/m2 k) 

(4) Calculation of air infiltration load in the storage chamber 

This is heat generated from lights, and warm or moist air entering through cracks or through the 

door when opened. This was calculated getting values from psychometric chart in Figure 3.3 and in 

accordance with Ogumo et al. [6] using standard equation as shown in equation 4. 

, (4) 

where 𝑃𝑎 = air infiltration load 

𝑀𝑎 = mass of air entering the storage chamber /ℎ𝑟. 𝐾𝑔𝑠−1(calculated) 

ℎ𝑎 = enthalpy of ambient air 𝑘𝑗. 𝑘𝑔−1 (psychometric chart) 

𝑚𝑤 = mass of water condensing in storage chamber /hr kg (psychometric chart) 

h = enthalpy of air in storage chamber (𝑘𝑗. 𝑘𝑔−1) (psychometric chart) 

𝐶𝑃𝑤 = specific heat capacity of water (4.186 j/g 0C) 

𝑇𝑎 = ambient air temperature in ℃ 

T = air temperature in storage chamber  

Mass of air (Ma) entering the storage chamber will be obtained according to Ogumo et al. [6] as 

shown in equation 5 

Density(δ) =
𝑚𝑎𝑠𝑠 (𝑚)

volume (v)
, (5) 

where density is the density of ambient air entering the storage chamber = 1.29 kg/m3 

Mass is to be calculated and Volume is the volume of the storage chamber of the MSCS = 0.19 

m3. Mass of air = 1.29 x 0.19 = 0.25 kg of air entering the storage chamber 

(5) Calculation of miscellaneous heat load (Equipment load) in the 

storage chamber of the MSCS 

Miscellaneous heat load is made of heat generated from equipment (evaporator fan), lights and 

people in the cold room. Heat generated by number of people working in the cold rooms and 

lightening will not be applicable in this work (Since it is a prototype). Heat generated by DC 

evaporator motor and fan will be calculated using the formula according to Ogumo et al. [6] and 

Gupta and Dubey [22] as shown in equation 6 

+ (p x t x η), (6) 

where Qequip = equipment heat load 

fn= number of fans (4 fans on heat exchanger and 1 fan on the condenser)  

fp= power rating on fan = (0.61 + 0.29) amps = 0.9 amps, P = IV = 0.9 x 12 = 10.8 W 

t = time of operating the fan (hr) = 14 hr 

p = power rating of motor heating element =1.2 W 

t1= motor run time = 14 hr 

η = efficiency (% of heat transferred to cooling space) = 30 % 

Q total   = ΣQcond + Qair + Qequip + ΣQresp + Q sens, (7) 

Qtotal = 0.68 + 0.002+ 0.16 + 0.00382 + 0.47 = 1.32 kwh/day 

Total heat load and the volume of storage chamber will be used in selection of cooling units to 

extract the total heat load from the storage chamber.  

2.4.2. Safety factor for the calculated total heat loads 

hMQresp =

( ) ( )TTCPmhhMP aWwaaa −+−=

tffQ pnequip =
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According to American Society of Heating, Refrigerating and Air Conditioning Engineers [23], 

it is necessary to apply a safety factor to the calculation to take care of errors and the risk of failure 

and any incompatibility between the design criteria and actual calculation. A factor of safety between 

the ranges of 10 to 30 percent of the calculation is recommended, for this work, 20% of the heat load 

is chosen in line with Babaremu et al. [24]. 

Safety factor = 20
100⁄  𝑥 1.32 = 0.26 

Thus, the heat load safety factor of 0.64 will be added to the calculated heat load to give us the 

total cooling load 

0.26 + 1.32 = 1.58 kWh/day 

2.4.3. Determination of refrigeration cooling capacity of the MSCS 

The total refrigeration cooling capacity of the MSCS will be determined according to method use 

by Sharad and Virendra [25] and Babaremu et al. [24] as expressed in equation 8. This will be done 

by dividing the total heat load by the run time of the refrigeration unit (D.C compressor). Considering 

the off and on time of the cooling unit, it is estimated to run for fourteen (14) hours in a day [24]. 

Table 1. Summary of the Heat Load of the MSCS. 

Source of Heat Quantity of Heat (Kwh/day) 

Heat of conduction 0.68 

Produce heat (sensible) 0.47 

Produce heat (respiration) 0.00382 

Air infiltration heat 0.002 

Miscellaneous (equipment) heat 0.16 

Total heat load 

Safety factor (20%) of total heat load 

Total heat load + safety factor calculated 

1.32 

0.26 

1.58 

 

Refrigeration cooling capacity = 𝑡𝑜𝑡𝑎𝑙 ℎ𝑒𝑎𝑡 𝑙𝑜𝑎𝑑
𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝑟𝑢𝑛 𝑡𝑖𝑚𝑒⁄ , (8) 

The cooling unit needs to have a capacity of1.58
14⁄ = 0.113 kW to sufficiently overcome the 

total heat load. Selection of compressor suitable to meet this heat load and cooling capacity was done 

using Table 3.2. From the table Aglag compressor is selected having 120 - 350 w.  

A prototype mobile solar cooling system of 0.2m3 capacity and of 75kg weight was designed, 

constructed and mounted on a tricycle to transport the amaranth green leafy vegetable obtained from 

lasoju farms along Ilorin-Ogbomoso Road to the experimental site in Nigerian Stored Products 

Research Institute (NSPRI) Ilorin, Kwara State. The site lies between latitude 80 22’ 42” and 100 50’ 

42”N and longitude 40 41’ 35” and 70 9’35” E [26]. 

The MSCS as shown in Figure 1 converts the solar energy collected by photovoltaic panels into 

electrical energy which is used to power the compressor and other electrical components. The 

compressor through evaporator plates cools the water in the water chiller bath storing thermal energy 

in form of ice. The cold water from the ice is transported into the storage chamber via an arrangement 

a DC pump and heat exchanger to cool the produce arranged therein. 
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Figure 1. An overview of the solar cooling system. 

2.5. Fabrication Process and Description of the MSCS 

The procedure adopted in the fabrication (construction) of the MSCS is as presented: 

A 60 mm polyurethane panel was cut into length = 0.59 m, breadth = 0.4 m and height = 0.79 m 

to make the storage chamber which has 4 trays made of stainless materials, this was fastened together 

with galvanized metal plates, screws, bolts and nuts. The solar panel of 550W was connected to the 

12 v solar charge controller and charge controller connected to 12/24 V 150 AH battery and DC 

compressor was used to power the solar cold room. Coupling of the components of the MSCS begins 

by filling the compressor with 43.73 g (0.04 ltrs) of R600a refrigerant which is environmentally 

friendly. The construction of each unit was assembled to form a single system and mounted and 

tightened properly on a mobile devise (tricycle) using bolts and nuts. The discharge low suction line 

(pipe) of the compressor was welded to the inlet of the condenser pipe coils mounted at the back of 

the cold room. A capillary tube was welded to the outlet of the condenser pipe coils the other end of 

the capillary tube in turns welded to the inlet of the evaporator pipe coils and outlet of the evaporator 

pipe coils welded back to the return low suction line of the D.C compressor, the cold room storage 

chamber has heat exchanger and fans to exchange heat by convention, the system was put to a test to 

ensure that all the parts were properly fixed. Figure 2 shows the isometric view of the system. 
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Figure 2. Isometric view of the MSCS. 

2.6. No-load test evaluation of the MSCS 

Tests were conducted to evaluate the performance of the MSCS following the procedure outlined 

by Olosunde et al. [27]. The performance evaluation was carried out in two stages. The system was 

first tested at no load (testing without samples) to inspect the system for safe operation and smooth 

running [28] and to calculate daily ice production from chiller bath, to determine energy available in 

the ice (energy output), to determine energy consumption of the compressor (energy input). For this 

first operation, the current and voltage of the compressor was measured and recorded at hourly 

interval for 1 month, the ice production in the chiller bath, solar radiation value and ambient 

temperatures were recorded to calculate the Coefficient of Performance (COP) of the system. Cooling 

unit and ice formation test in the water chiller bath (Preconditioning). 

To obtain data of the environmental conditions in the storage chamber the temperature and 

relative humidity hobo data loggers were used. 

2.6.1. Ice production capacity of the MSCS 

Table 1 shows an average daily ice production (𝑀𝑖 ) of 7.7 kg from the system which was 

calculated using Equation 9 

𝑀𝑖 = 𝑀𝑡 − 𝑀𝑤, (9) 

where, Mi is daily mass of ice produced (kg), Mt is the total weight of water filled into the water bath 

(kg) and Mw is the weight of water drained (kg), 

Table 1. Daily ice production of the compressor. 

S/N

O 

Date Ti

me 

Quan

tity 0f 

water 

(Mt)(L

) 

Weig

ht of 

water 

(Mw)(

kg) 

Wei

ght 

of 

Ice 
(𝑴𝒊) 
(kg) 

Cummul

ative 

weight of 

ice (kg) 

Temper

ature of 

water 

(0C) 

Mean 

Current 

in the 

compress

or(I) 

Mean 

Voltage 

in the 

compre

ssor (V) 

Mea

n 

ambi

ent 

temp. 

(0C) 

1 25/3/

24 

5 

pm 

36 32.21 0 0 14 4.30 11.40 28.4 

2 26/3/

24 

5 

pm 

22 19.6 12.61 12.61 -2 4.28 11.50 29.7 

3 27/3/

24 

5 

pm 

11 9.2 10.4 23.01 -2.8 4.03 12.37 30.0 

4 28/3/

24 

5 

pm 

4 3.6 5.6 28.61 -3.8 3.89 12.32 31.3 

5 29/3/

24 

5 

pm 

2 1.6 2.0 30.61 -1.2 4.01 12.54 31.9 

    Mean 7.7   4.1 12.01 30.26 

2.6.2. Determination of quantity of energy available in the ice (energy output) 

𝑄𝑖 = 𝐿𝑓(𝑖𝑐𝑒) ∗ 𝑀𝑖  

Qi is the quantity of energy available in the ice (Wh) = M x C x Ɵ 

M = mass of water in the chiller bath 

C = specific heat capacity of water (kJ/kg 0C) = 4.18 

Ɵ = change in temperature (initial and final temp) 

𝑄𝑖 = 32.21 x 4.18 x (14- 0) = 1885 

2.6.3. Determination of energy consumption by the compressor (Energy Input) 
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𝑃 = 𝑉 𝑥 𝐼 = 12.01 x 4.1 = 49.61 

𝐸𝑑𝑎𝑖𝑙𝑦 = 𝑃𝑚𝑒𝑎𝑛 ∗  24 = 49.61 x 24 = 1190 

where P is Power (watt), V is voltage (V) and I is current (A), 

E daily and P mean are daily energy consumption (Wh) and mean power consumption (W) 

respectively 

2.6.4. Determination of heat loss from insulated surfaces (Q losses) 

𝑄𝑙𝑜𝑠𝑠𝑒𝑠 = 𝑈𝐴 ∗  𝛥𝑇 ∗  𝛥𝑡  
where U is the conductivity of polyurethane = 0.026 w/mk 

A is the total surface area of insulation (m2) = 0.127 m2 

ΔT is the temperature change between cold water in the bath and ambient (K) = (14 – 0) 

Δt is the change in time (hour) = 1 hr 

𝑄𝑙𝑜𝑠𝑠𝑒𝑠 = 0.026 x 0.127 x 14 x 1 = 0.05 

2.6.5. Determination of coefficient of performance (COP) of the system 

𝐶𝑂𝑃 =  
𝑄 𝑑𝑎𝑖𝑙𝑦 𝑖𝑐𝑒+𝑄 𝑑𝑎𝑖𝑙𝑦 𝑙𝑜𝑠𝑠𝑒𝑠

𝐸 𝑑𝑎𝑖𝑙𝑦
 = 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑢𝑡𝑝𝑢𝑡

𝐸𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡
= 1.58 = 1.6 

A COP of 1.6 from the system indicates that the system is outputting 1.6 units of energy for every 

1 unit of energy input. This is a good result as it means the system is operating efficiently. 

2.7. Load Test (evaluation with green amaranth) 

About 11 kg of the green amaranth was purchased, 5.5 kg was stored in the Mobile Solar Cooling 

System (MSCS) and 5.5 kg stored at ambient in a (ventilated plastic crate under shed. Sampling was 

carried out on each sample at 2 days interval to monitor weight loss, moisture, and colour change, 

proximate qualities, bacterial and fungal count. Data loggers were placed in the storage chamber of 

the ambient and MSCS storage to record temperature and relative humidity data. Temperature and 

relative humidity data collected from the storage experiment were downloaded from dataloggers 

and were subjected to statistical analysis using IBM SPSS Statistics 25. Analysis of variance (ANOVA) 

was used to compare the means at significant difference (P ≤ 0.05).  

2.8. Experimental Design for the Research Work 

The experimental design that was employed for the research for green amaranth storage was 2 

by 3 factorial randomized complete design. This design allows for the investigation of two factors 

(temperature and relative humidity), each having three replicates, in order to assess their individual 

and combined effects on the storage quality of the green amaranth leaves. The first factor considered 

is temperature, which is a critical parameter in maintaining the freshness and quality of perishable 

produce. The temperature levels chosen for the experiment was (5°C), in line with ASHRAE [23]. The 

second factor is humidity, which also plays a significant role in preserving the moisture content and 

preventing dehydration of the produce. The range is between 80 to 95 in line with ASHRAE [23]. 
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Figure 3. Ambient storage and MSCS storage. 

3. Results 

The storage experiment considered temperature and relative humidity as key factors influencing 

the preservation of green amaranth. Ambient storage exhibited higher temperatures and fluctuating 

relative humidity compared to the stable environmental conditions maintained by the Mobile Solar 

Cooling System (MSCS). The MSCS effectively stabilized temperature at 9 ± 4oC and relative humidity 

at 85 ± 10%, while ambient storage conditions showed significant variability. These controlled 

conditions in the MSCS extended the shelf life of green amaranth to 18 days, compared to just 5 days 

under ambient storage. This aligns with findings by Yousuf et al. [29], who emphasized the 

effectiveness of low-temperature storage in preserving the chemical composition of perishable crops. 

Table 1. Effect of storage on Physicochemical characteristics of green amaranth at ambient and MSCS 

storage;. 

Treatment 
Moist

ure 

Crude 

fibre % 

Crude 

Protein % 

Vit 

A 

Iron 

mg/100g 

Beta 

Carote

ne 

mg/10

0 g 

Weig

ht 

loss 

kg 

Observation 

Fresh  90.35 2.07 3.04 1.57 53.14 24.01 5 
leaves were green and very 

attractive 

Ambient at 

day 3 
85.09 1.91 2.99 0.99 48.88 19.21 4.4 leaves withering  

MSCS at day 

3 
89.01 2.03 3.23 1.21 52.61 23.52 4.8 Still fresh 

Ambient at 

day 5 
67.91 1.56 2.04 0.89 41.39 15.36 2.7 

leaves fallen, experiment 

ended. 

MSCS at day 

5 
88.98 2.1 3.12 1.11 52.08 22.76 4.44 still fresh 

MSCS at day 

12 
87.25 2.04 3.11 1.02 51.35 22.49 4.06 

leaves wither and colour 

change 

3.1. Effect of Temperature and Relative Humidity on Storage Quality 

Lowering storage temperatures reduces the respiration rate, delays senescence, and minimizes 

weight loss in green amaranth. Conversely, high ambient temperatures accelerate senescence, leading 

to rapid deterioration. The steady relative humidity within the MSCS further helped retain moisture 

and reduced dehydration stress on the produce [25]. These factors collectively resulted in better 

preservation of the physicochemical properties of green amaranth in the MSCS. 

3.2. Physicochemical Changes in Storage 

Various parameters, including weight loss, crude fiber content, crude protein, vitamin A, beta-

carotene, bacterial, and fungal counts, were evaluated during the storage experiment. The results 

(Table 1) showed that while both storage conditions led to changes in these parameters over time, the 

deterioration was significantly slower in the MSCS. 

• Weight Loss: Weight loss in ambient storage was 45% higher than in the MSCS, primarily due 

to moisture loss induced by high temperatures and low relative humidity [15]. 

• Nutrient Retention: Crude fiber, crude protein, vitamin A, and beta-carotene content decreased 

in both storage conditions, but the decline was more pronounced in ambient storage. For 

example, beta-carotene content at day 5 was 15.36 mg/100 g in ambient storage compared to 

22.76 mg/100 g in the MSCS. 
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• Microbial Growth: The bacterial and fungal loads in the MSCS remained within acceptable limits 

(< 105 CFU/g for bacteria and 103−104 CFU/g for fungi) as stipulated by the International 

Commission for Microbiological Specifications. In contrast, microbial loads in the ambient 

storage exceeded these limits by day 5, making the produce unsafe for consumption [30]. 

3.3. Performance of the MSCS 

The MSCS demonstrated a coefficient of performance (COP) of 1.6, indicating its efficient energy 

utilization. The average daily ice production of 7.7 kg provided sufficient cooling capacity to maintain 

optimal storage conditions. Minimal heat losses (Qloss = 0.05Wh) through the insulation underscore 

the effectiveness of the system's design. 

The system’s ability to significantly extend shelf life and preserve nutritional quality highlights 

its utility for smallholder farmers and agribusinesses in regions with limited access to grid electricity. 

The energy efficiency of the MSCS and its reliance on renewable energy further enhance its appeal as 

a sustainable cooling solution. 

3.4. Comparison to Ambient Storage 

Storage in ambient conditions resulted in rapid degradation of green amaranth, with visual signs 

of spoilage such as withering and discoloration occurring within 5 days [28]. This rapid deterioration 

underscores the inadequacy of ambient storage in preserving fresh produce, especially in tropical 

climates. 

4. Conclusions 

The MSCS demonstrated a high efficiency with a COP of 1.6, utilizing energy effectively to 

maintain optimal storage conditions. The system extended the shelf life of green amaranth by 

approximately 60% compared to ambient storage. The MSCS significantly preserved the nutritional 

quality and safety of the produce, meeting international microbiological standards throughout the 

storage period. The prototype MSCS presents a scalable and sustainable solution for post-harvest 

preservation, particularly in off-grid regions. 

Author Contributions: Conceptualization, X.X. and Y.Y.; methodology, X.X.; software, X.X.; validation, X.X., 

Y.Y. and Z.Z.; formal analysis, X.X.; investigation, X.X.; resources, X.X.; data curation, X.X.; writing—original 

draft preparation, X.X.; writing—review and editing, X.X.; visualization, X.X.; supervision, X.X.; project 

administration, X.X.; funding acquisition, Y.Y. All authors have read and agreed to the published version of the 

manuscript. 

Funding: Please add: “This research received no external funding” or “This research was funded by NAME OF 

FUNDER, grant number XXX” and “The APC was funded by XXX”. Check carefully that the details given are 

accurate and use the standard spelling of funding agency names at https://search.crossref.org/funding. Any 

errors may affect your future funding. 

Data Availability Statement: We encourage all authors of articles published in MDPI journals to share their 

research data. In this section, please provide details regarding where data supporting reported results can be 

found, including links to publicly archived datasets analyzed or generated during the study. Where no new data 

were created, or where data is unavailable due to privacy or ethical restrictions, a statement is still required. 

Suggested Data Availability Statements are available in section “MDPI Research Data Policies” at 

https://www.mdpi.com/ethics. 

Acknowledgments: In this section, you can acknowledge any support given which is not covered by the author 

contribution or funding sections. This may include administrative and technical support, or donations in kind 

(e.g., materials used for experiments). 

Conflicts of Interest: Declare conflicts of interest or state “The authors declare no conflicts of interest.” Authors 

must identify and declare any personal circumstances or interest that may be perceived as inappropriately 

influencing the representation or interpretation of reported research results. Any role of the funders in the design 

of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript; or in the 

decision to publish the results must be declared in this section. If there is no role, please state “The funders had 

no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the 

manuscript; or in the decision to publish the results”. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 December 2024 doi:10.20944/preprints202412.1162.v1

https://doi.org/10.20944/preprints202412.1162.v1


 12 

 

References 

1. Adekalu, O.A., Akande, S.A., Fashanu, T.A., Adeiza, A.O., and Lawal, I.O. Evaluation of improved 

vegetable baskets for storage of Amaranthus viridis (green, amaranths) and Telfaria occidentalis H.(fluted 

pumpkin leaves). Res J Food Sci Nutr. 2022;7(4):111–9.  

2. Rahiel, H.A., Zenebe, A.K., Leake, G.W., and Gebremedhin, B.W. Assessment of production potential and 

post-harvest losses of fruits and vegetables in northern region of Ethiopia. Agric Food Secur. 2018;7(29):1–

13.  

3. UN. The World at Seven Billion. A Rep from United nations Gen Assem regarding Popul Dyn Futur. :10 pages.  

4. Sipho, S. Development of a solar powered indirect air cooling combined with direct evaporative cooling 

system for storage of fruits and vegetables in Sub-Saharan Africa. J Agric Res Counc South Africa. 

2019;9(10):1051–61. Available from: 10.13140/RG.2.2.13604.60808 

5. Jekayinfa, S.O. and Scholz, V. Assessment of availability and cost of energetically usable crop residues in 

Nigeria. Nat gas. 2007;24(8):25–8.  

6. Ogumo, E.O., Kunyanga, C.N., Okoth, M., and Kimenju, J. Performance of a fabricated solar-powered 

vapour compression cooler in maintaining post-harvest quality of French beans in Kenya. African J Food 

Sci. 2020;14(7):192–200.  

7. FAO. Gender and food loss in sustainable food value chains [Internet]. FOOD AND AGRICULTURE 

ORGANIZATION OF THE UNITED NATIONS (FAO) Rome, 2018. 2018. v–41.  

8. Tushar, S. Design and development of a solar powered cold storage system. Doctoral Dissertation, Indian 

Institute of Technology, Guwahati, India; 2018.  

9. Verploegen, E., Ekka, R., and Gurbinder, G. Evaporative Cooling for Improved Vegetable and Fruit Storage 

in Rwanda and Burkina Faso. 2019.  

10. Olorunnisola, A.O. and Okanlawon, S.A. Development of passive evaporative cooling systems for 

tomatoes Part 1: construction material characterization. Agric Eng Int CIGR J. 2017;19(1):178–86.  

11. Aremu, I.S., Asafa, T.B., Jekayinfa, S.O., Lateef, A., and Ola, F.A. Development of Silica Nanoparticles as a 

Biopesticide for Enhanced Postharvest Lifespan of Cowpea. Adeleke Univ J Eng Technol. 2023;6(2):350–6.  

12. Stathers, T. Quantifying postharvest losses in Sub-Saharan Africa with a focus on cereals and pulses. 

Bellagio Work Postharvest Manag. 2017;15.  

13. Ogunlade, C.A., Jekayinfa, S.O., Oyedele, O.J., Olajire, A.S., and Oladipo, A.O. Drying parameters of wild 

lettuce (Lactuca taraxaxifolia L) affected by different drying methods. Croat J food Sci Technol. 

2023;15(1):115–22.  

14. Muhammad, S., Saghir, S.A., and Shahzor, K.G. Effect of storage on the physicochemical characteristics of 

the mango (Mangifera indica L.) variety, Langra. African J Biotechnol. 2012;11(41):9825–8.  

15. Ajayi, O.O., Useh, O.O., Banjo, S.O., Oweoye, F.T., Attabo, A., Ogbonnaya, M., et al. Investigation of the 

heat transfer effect of Ni/R134a nanorefrigerant in a mobile hybrid powered vapour compression 

refrigerator. In: IOP Conference Series: Materials Science and Engineering. 2018. p. 12001.  

16. Jekayinfa, S.O., Adeleke, K.M., Ogunlade, C.A., Sasanya, B.F., and Azeez, N.A. Energy and exergy analysis 

of Soybean production and processing system. Clean Eng Technol. 2022;10:100540. Available from: 

https://doi.org/10.1016/j.clet.2022.100540 

17. Akorede, M.F., Ibrahim, O., Amuda, S.A., Otuoze, A.O., and Olufeagba, B.J. Current status and outlook of 

renewable energy development in Nigeria. Niger J Technol. 2017;36(1):196–212.  

18. Sitorus, T.B., Ambarita, H., Ariani, F., and Sitepu, T. Performance of the natural cooler to keep the freshness 

of vegetables and fruits in Medan City. In: IOP Conference Series: Materials Science and Engineering. 2018. 

p. 12089.  

19. Osadare, T., Koyenikan, O.O., and Akinola, F.F. Physical and mechanical properties of mango during 

growth and storage for determination of maturity. Asian Food Sci Joural. 2019;10(2):1–8.  

20. Jekayinfa, S.O., Linke, B., and Pecenka, R. Biogas production from selected crop residues in Nigeria and 

estimation of its electricity value. Int J Renew Energy Technol. 2015;6(2):101–18.  

21. Kazem, H.A., Al-Waeli, A.H.A., Chaichan, M.T., Al-Mamari, A.S., and Al-Kabi, A.H. Design, measurement 

and evaluation of photovoltaic pumping system for rural areas in Oman. Environ Dev Sustain. 2017;19:1041–

53.  

22. Gupta, J. and Dubey, R.K. Factors affecting post-harvest life of flower crops. Int J Curr Microbiol Appl Sci. 

2018;7(1):548–57.  

23. Owen, M.S. ASHRAE Handbook--Refrigeration. Am Soc Heating, Refrig Air-Conditioning Eng Atlanta. 2018;  

24. Babaremu, K.O., Omodara, M.A., Fayomi, S.I., Okokpujie, I.P., and Oluwafemi, J.O. Design and 

optimization of an active evaporative cooling system. Int J Mech Eng Technol. 2018;9(10):1051–61.  

25. Chaudhary, S. and Sharma, V. Thermal system design of a cold storage for 1500 metric tonne Potatoes. Int 

J Eng Res Technol. 2015;4(7):933–43.  

26. Olubanjo, O.O. Climate variation assessment based on rainfall and temperature in Ilorin, Kwara State, 

Nigeria. Appl Res J Environ Eng. 2019;2(1):1–18.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 December 2024 doi:10.20944/preprints202412.1162.v1

https://doi.org/10.20944/preprints202412.1162.v1


 13 

 

27. Olosunde, W.A., Aremu, A.K., and Umani, K.C. Performance optimization of a solar-powered evaporative 

cooling system. J Agric Eng Technol. 2019;24(2):21–34.  

28. Bradbury, A., Hine, J., Njenga, P., Otto, A., Muhia, G., and Willilo, S. Evaluation of the Effect of Road 

Condition on the Quality of Agricultural Produce. Africa Community Access Partnersh (AsCAP) Safe Sustain 

Transp Rural communities. 2017;  

29. Yousuf, B., Qadri, O.S., and Srivastava, A.K. Recent developments in shelf-life extension of fresh-cut fruits 

and vegetables by application of different edible coatings: A review. Lwt. 2018;89:198–209. Available from: 

doi.org/10.1016 

30. Ayanda, I.S., Ibrahim, A.S., Adebayo, O.B., Afolayan, S.S., Akande, S.A., and Lawal, I.O. Effect of Storage 

Medium o the Sensory Attributes, Physicochemical Properties and Nutritional Compositions of Ripe 

Tomato (Solanum lycopersicum L.). Nijerian Journnal Post-Harvest Res. 2019;2(2):34–44.  

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 December 2024 doi:10.20944/preprints202412.1162.v1

https://doi.org/10.20944/preprints202412.1162.v1

