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Abstract  
The paper is on the design 

and construction of a 

Solar Powered 

Refrigerator. It helps in 

meeting the demand of 

energy conservation, 

storage of perishable 

goods and drugs. 

Currently, most of the 

refrigerators that are 

available in the market 

are AC powered from the 

grid. This has led to 

restriction in 

preservation of 

perishable goods and 

drugs and activities such 

as outdoor sport, fishing 

especially in rural areas  

where the grid is not 

available. Because of this, 

this paper introduces the 

design of a DC powered 

refrigerator where an AC 

compressor of a small 

office/table refrigerator 

is replaced with a BD35F, 

R134a, 12-24v DC, 10-

45V DC Solar DC 

compressor. It is 
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INTRODUCTION  

  The inconsistency of a 

reliable and sufficient 

power supply from the 

grid for both urban and 

rural consumption in 

Nigeria is posing a 

serious challenge in the 

preservation of 

perishable food items 

and drugs. This problem 

has resulted in exploring 

other means of 

electricity generation 

especially the renewable 

energy sources like the 

solar, wind, geothermal, 

tidal etc. 

A solar refrigerator is a 

refrigeration system that 

utilizes energy from the 

sun instead of the supply 

from the grid, this makes 

the refrigeration system 

more reliable. The solar 

refrigerator comprises of 

all the tradition 

components like the 

compressor, condenser, 

expansion valve and the 

evaporator or the 

freezer. It can be as a 

means of preserving 

food and drugs 

especially in rural areas. 

Keywords:    

Refrigerator, D.C. 
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powered by a 12V/200AH 

battery that is charged 

from a 200W solar PV 

panel. After the 

construction the 

refrigerator was tested 

and results obtained 

shows that the voltage 

varies with time while the 

current remained 

constant. The system was 

able to cool water in few 

minutes and started 

freezing within four 

hours. 

 

 

he quest for the Nigerian government to focus more on self-sufficiency in food 

production that has resulted in policies has continue to encourage citizens to 

go into farming and has significantly continue to boost food production in a 

large and commercial quantity.  

 

Food and drugs preservation is essential in extending the length of time as well as 

maintaining the nutritional value there by making it safe for healthy consumption. 

Drugs and perishable items like fresh fruits, vegetables and animal products may 

spoil quickly without adequate preservation measures like refrigeration, 

dehydration or preservation. when food and drugs are not preserved, it may lose 

part or even its entire nutrients and the consumption might lead to illness. 

According to the Clemson Cooperative Extension, food preservation works because 

the preserving agents prevent bacteria, mold and other potentially harmful 

organisms from growing on the food. Dry preserving techniques, such as packing 

food in salt, draws water out of the food, making it an inhospitable environment for 

microorganisms. Wet-preserved foods undergo heat processing that kills 

microorganisms, and the vacuum seal created by proper canning prevents life-

sustaining oxygen from entering the container. 

Refrigerator is one of the appliances that man has design to use for the preservation 

of perishable food, drugs and drinks for future use. The availability of refrigerator 

has limited the problem of preservation. 

 

LITERATURE REVIEW  

Introduction   

This chapter talks about the early and recent development of solar refrigerator and 

review of relevant literatures on solar refrigerator. 

 

Brief History of Solar Refrigerator 

The first form of artificial refrigeration was invented by a Scottish scientist William 

Cullen in the year 1740’s. He showed how the rapid heating of liquid to a gas can 

result in cooling. This is the principle behind refrigeration that still remains today. 

He never turned his theory into practice, but many were inspired to try to realize his 

idea. 
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Also, in between 1830’s and the American Civil War of the 1860s it was observed 

that consumer demand for fresh food was growing and has led to dietary changes. 

These resulted in the general economic growth and growing of cities. 

An American, Fred W. Wolf invented the first electric refrigerator for domestic use 

in 1913 and was known as Domelre, or the DOMestic ELectric REfrigerator. His 

model was a flop, but one of his innovations – the ice cube tray – caught on and was 

included in competitors’ models. 

The idea of a solar-powered refrigerator was conceived by an engineer Otto Mohr in 

1935. He designed all of the correct components needed to build the solar 

refrigerator and with them it would work. Since then many engineers, scientists and 

researchers improved his ideas and built their working variants of a solar-powered 

refrigerator.  

In 1950’s USA installed a flat plate collector system. At the same time USSR made a 

parabolic mirror which could produce 250kg of ice per day. An absorption machine 

with a cylinder-parabolic mirror was made in France with a capacity of 100kg of ice 

per day. There were also built systems that charged during the day and cooled during 

the night.  

Today, solar refrigerators are mostly used for camping and in developing countries 

where electricity is scarce. 

 

Review of Related Literatures 

In this chapter, an attempt is made to give a review of related works on the topic. 

Many research has been conducted in trying to study solar refrigeration.  

Rivera, et al (2010), studied the mixture of ammonia/lithium nitrate and used to 

operate the system. The system was found to have a nominal capacity of 8 kg of 

ice/day. It consists of a cylindrical parabolic collector acting as generator–absorber. 

The evaporator temperatures were as low as −11 °C were obtained for several hours 

with solar coefficients of performance up to 0.08. It was observed that the coefficient 

of performance increases with the increases of solar irradiance and the solution 

concentration 

Also, Hammad (2011) studied a small refrigerator of 110W using R-134a refrigerant. 

It consists of two 70Wp and is operated by a photovoltaic generator. It was observed 

that the experimental results showed that solar energy systems with deep discharge 

batteries with inverter is an attractive substitute for the mains power, and the 

performance curves indicated an acceptable performance of the unit with no periods 

of heating effect to the freezer in off operation conditions. 

In a related research, Hammad et al. (2011) studied the performance of a one ton 

split air conditioning unit experimentally. This work was part of the worldwide 

efforts to explore replacements for the CFCs and HCFCs. Twelve modules of 
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photovoltaic array were used as an electrical generator. The performance of the unit 

was studied for both refrigerants used and then compared with each other based on 

the experimental results for a complete day. These results showed that the power 

consumption of the compressor when using LPGM was found to be 35% lower than 

that of using R-22. This gave an advantage of using LPGM as a refrigerant to replace 

R-22, especially when the A/C system is powered by solar energy 

Ayesh, (2013), studied a domestic refrigerator with a rating of 160W, Isobutene (R-

600a) gas was used. In his study, photovoltaic generator was used with three 

different peak values of 200 Wp, 170Wp, and 140Wp. The results showed that these 

powers show 25%, 6.25% higher than the refrigerator peak power, and 12.5% lower 

than the refrigerator peak, respectively. He concluded that the use of photovoltaic as 

source of electricity to run the refrigerator is one of the most encouraging options to 

exploit solar energy.  

Hammad et. al. (2012) conducted a research on the performance Study of a domestic 

refrigerator that was designed to use Butane as refrigerant when replaced by R 134a 

and powered by solar energy, Butane performance was monitored, with the 

experiment time and reasonable results were obtained.  

Ekren, et al (2011) Investigated the performance of a 76W household D.C 

refrigerator powered by P.V panel and battery bank with the capacity of 80 Ah. The 

experiment was conducted by the use of energy method under different load. Cans 

filled with water were regarded as load and four cases were looked into: no storage 

case; low load (10 cans), Nominal load (20 cans) and over load (30 cans). The energy 

consumed were calculated. They concluded that the P.V panel can operate a small 

D.C refrigerator at nominal load without inverter. The compressor consumed 49.1 

W, 49.51 W, 50.34 W and 52.46 W in average for the four cases respectively 

 

COMPONENTS OF A SOLAR REFERIGERATOR 

Solar Panel 

A Solar Panel is a device that converts light energy from the Sun to electrical energy. 

It absorbs energy from Sun rays and convert it to DC current. Solar panels collect 

clean renewable energy in the form of sunlight and convert that light into electricity 

which can then be used to provide power for electrical loads. Solar panels are 

comprised of several individual solar cells that are made from layers of silicon, 

phosphorous (which provides the negative charge), and boron (which provides the 

positive charge).  

 

Battery  

Solar batteries work by storing energy produced by the solar panels and storing it 

for later use especially when the in the nights. They serve as a backup device.  When 
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a solar battery is installed as part of the system, the excess solar energy is stored 

instead of sending it back to the grid. Also when the solar panels are producing more 

electricity than required, the excess energy goes towards charging the battery. Later, 

when the solar panels aren’t producing electricity, the initial energy stored in the 

battery is drawn and put into use. Electricity can be back to the grid when the battery 

is fully charged and draw electricity from the grid when your battery is depleted. 

 

Charge Controller 

The charge controller limits the rate at which electric current is added to or drown 

form your batteries. It prevents overcharging and may protect against overvoltage, 

which can reduce battery performance or lifespan, and may pose a safety risk. It may 

also prevent completely draining (“deep discharge”). 

 

Design of the System 

 
Fig 3.1 Block Diagram of Solar Refrigerator 

From the block diagram above; solar panel (PV system) convert Electrical Energy 

(Thermal Energy) from the sun to start the compressor or turn on the compressor. 

In a PV system, the part that converts sunlight to electricity is called a photovoltaic 

panel (PV panel). The lager the solar panel, the more electricity is produced.  

 

Methodology  

This system uses photovoltaic cells to covert the solar energy into electrical energy. 

The process that makes the refrigeration possible is the conversion of sunlight into 

DC electrical power, achieved by the PV panel. The system comprises of a DC 

compressor that is used for cooling. Solar photovoltaic panels produce dc electrical 

power that can be used to operate a dc motor, which is coupled to the compressor of 

a vapor compression refrigeration system. In designing a PV-refrigeration cycle, the 

electrical current and voltage supplied by the PV array is considered in matching the 

motor to drive the compressor. 

 

Solar 

Panel 

Battery Compressor 

Capillary 

Tube  

Fan 

Controller Condenser Filter 

Evaporator  
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Design 

TABLE 1: Refrigerator Rating 

S/N ITEMS RATING  (W) NUMBER OF 

ITEMS 

TIME (H) ENERGY 

(WH) 

1 Refrigerator 100 1 6 600 

2 Internal Light 

Bulb 

10 1 6 60 

  

Component part of solar system used include the PV panel, Battery, Controller, PV 

cable  

To determine the power consumption for the refrigerator 𝑃 =

𝑉𝐼 … … … … … … … . … … … . . (1) 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 12 − 24𝑉, 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 8𝑎𝑚𝑝𝑠 

𝑃 = 12 × 8 = 96𝑊   = 100𝑊 

𝐹𝑜𝑟 𝑡ℎ𝑒 ℎ𝑜𝑟𝑠𝑒 𝑝𝑜𝑤𝑒𝑟 𝐻𝑝 = 24 × 8 = 192𝑤 

𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝑡ℎ𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 𝑖𝑠 =
192

746
 = 0.25Hp 

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝐵𝑢𝑙𝑏 𝑜𝑓 𝑡ℎ𝑒 𝑅𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑜𝑟 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑎𝑠 10𝑤 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦 = (100𝑤 × 6ℎ𝑜𝑢𝑟) + (10𝑤 × 6ℎ𝑜𝑢𝑟𝑠) = 660𝑤h/day 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑣 𝑝𝑎𝑛𝑒𝑙 𝑛𝑒𝑒𝑑𝑒𝑑 = 660 × 1.3 = 858𝑤ℎ 

 =
858𝑤ℎ

6
= 143𝑤ℎ/𝑑𝑎𝑦 

𝑪𝒉𝒐𝒊𝒄𝒆 𝒐𝒇 𝑷𝒂𝒏𝒆𝒍 = 200𝑤 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑉 𝑝𝑎𝑛𝑒𝑙 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 =  
143𝑤

200𝑤
= 0.72 ≈ 1 Panel required  

𝟐. 𝑩𝒂𝒕𝒕𝒆𝒓𝒚 𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒚  

𝐴/𝐻 = 𝐸𝑛𝑒𝑟𝑔𝑦 × 1𝑑𝑎𝑦 𝑜𝑓𝐴𝑢𝑡𝑜𝑛𝑜𝑚𝑦 𝐷𝑖𝑣𝑖𝑑𝑒𝑑 𝑏𝑦 12𝑣 𝑏𝑎𝑡𝑡𝑒𝑟𝑦

× 𝑑𝑒𝑝𝑡ℎ 𝑜𝑓 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 

=
𝐸𝑛𝑒𝑟𝑔𝑦×𝐷𝑂𝐴(𝑤ℎ)

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒×𝐷𝑂𝐷
 = 

858×1

12×0.8
=

858

9.6
= 89.4𝐴ℎ 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 =  
89.4𝐴ℎ

200𝐴ℎ
= 0.45 ≈ 1 

 

DC Compressor  

The part of a refrigerator that is used to pump the gas around the fridge is known as 

compressor, It compresses the gas to a liquid, the liquid gets circulated to inside the 

fridge, where it expands back into a gas causing leading to cooling. A DC compressor 

BD35F DC with label R134a, 12-24v DC, 10-45V, 50/60Hz is selected for the design. 

Here the compressor is DC and is one of the major difference with the conventional 

AC refrigerator. The process that makes the refrigeration possible is the conversion 

of sunlight into DC electrical power achieved by the PV panel. DC electrical power 



 
INTERNATIONAL JOURNAL OF AFRICAN SUSTAINABLE DEVELOPMENT 

(VOL. 12 NO.2) JUNE, 2020 EDITIONS 
 

 
  
 

470 

drives the compressor to circulate refrigerant through a vapor compression 

refrigeration loop that extracts heat from an insulated enclosure. 

Fig 3.2 Circuit diagram of the DC compressor 

 

 
Fig 3.3 Schematic diagram of the whole refrigeration system 
 
Advantages of Using Sun as a Source of Energy 
The advantages of using solar panel include Low cost maintenance, Reliability, less 
pollution, no fuel required etc. 
 

Testing 

After the construction of the solar refrigerator, various test where conducted, the 

refrigerator was powered and readings were taken and recorded using multi meter. 
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it was generally observed that the cooling rate changes after testing on an hourly 

basis. Results are as presented in table 4.1 below. 

 

TABLE 4.1 Hourly voltage drop at 30 liters’ load without  

S/N HOURS OF OPERATION VOLTAGE READING (V) CURRENT (A) 

1. 09:45am 12.14 8 

2. 10:45am 12.18 8 

3. 11:45am 12.21 8 

4. 12:45am 12.30 8 

5. 1:45pm 12.19 8 

6. 2:45pm 12.15 8 

7. 3:45pm 12.02 8 

8. 4:45pm 11.59 8 

 

 
 

TABLE 4: Hourly voltage drop at 50 liters’ load with PV (Ten Hours for 200Ah 

Battery) 

S/N HOURS OF OPERATION VOLTAGE READING (V) CURRENT (A) 

1. 08:00AM 12.5 8 

2. 09:00AM 12.7 8 

3. 10:00AM 12.9 8 

4. 11:00AM 13.0 8 

5. 12:00PM 13.5 8 

6. 01:00PM 13.2 8 

0 9 : 4 5 A M 1 0 : 4 5 A M 1 1 : 4 5 A M 1 2 : 4 5 A M 1 : 4 5 P M 2 : 4 5 P M 3 : 4 5 P M 4 : 4 5 P M

1 2 3 4 5 6 7 8

12.14 12.18 12.21 12.3 12.19 12.15 12.02 11.59

8 8 8 8 8 8 8 8

VOLTAGE AND CURRENT AGAINST TIME

VOLTAGE READING (V) CURRENT (A)
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7. 02:00PM 12.7 8 

8. 03:00PM 12.8 8 

9. 04:00PM 13.1 8 

10. 04:00PM 12.4 8 

 

 
 

Discussion 

As observed in table 4.1 above, the current remained constant at 8A while the voltage 

was increasing when the sun intensity increased from 12.14V at 09:45am up to its 

peak at around 12:45am with a voltage of 12.30V. the least voltage observed was at 

around 4:45pm when the sun intensity was low with a voltage of 11:59V.  

When the 200AH battery was incorporated to the system and is being charged by the 

PV panel, the battery became fully charged, the voltage was measured to be 13.5V as 

the peak around 12:00 noon. The system started cooling water within few minutes 

and freezing in three hours.  

 

Conclusion 

A solar powered refrigerator was designed and constructed. The system has 

demonstrated the use of a renewable energy source instead of the supply from the 

grid to power a refrigerator. The installed PV system was able to run the DC 

refrigerator effectively. Although, the cost of production is high, but the operation 

cost is minimal as well as highly reliable. Such a system is suitable in preserving both 

drugs and perishable items especially in rural areas where electricity is unreliable or 

non-existent. 

12.5 12.7 12.9 13 13.5 13.2 12.7 12.8 13.1 12.4

8 8 8 8 8 8 8 8 8 8

0 8 : 0 0 A M 0 9 : 0 0 A M 1 0 : 0 0 A M 1 1 : 0 0 A M 1 2 : 0 0 P M 0 1 : 0 0 P M 0 2 : 0 0 P M 0 3 : 0 0 P M 0 4 : 0 0 P M 0 4 : 0 0 P M

1 2 3 4 5 6 7 8 9 1 0

VOLTAGE AND CURRENT AGAINST TIME

VOLTAGE READING (V) CURRENT (A)
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Recommendation  

The following recommendations were made as follows: 

1. A tracking system can be incorporated in the system. 

2. Demonstration of the PV drive system with the specific application of 

refrigeration appliances should be attempted.  

3. The system is highly recommended for preservation of perishable goods and 

drugs. 
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