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Abstract This research is a follow up of the work titled, “Design Analysis of Solar Powered Photovoltaic
Refrigerator”. The solar refrigerator was designed to suite Port Harcourt, Nigeria meteorological data. The
geographical position of Port Harcourt being at latitude 4040°N and longitude 7010°E. Average solar irradiation of
4.23kWh/m2/day and sunshine hour of 4.25 were prevalent at the position where the Photovoltaic refrigerator would
be mounted. The compressor was rated at 0.07kW. The design drawings for the system, the detailed drawings and
the assembly drawings were produced with solid works software.
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1. Introduction

The conventional vapor compression refrigeration
system relies on national electrical grid for power to
drive the compressor. The photovoltaic refrigerator
uses the electrical power supplied the photovoltaic cells
[1,2] having been converted from direct current (DC) to
alternating current (AC) to drive the compressor. In all
cases, the compressor circulates the working fluid
known as refrigerant to extract heat from insulated
enclosure known as evaporator. The major components
of PV refrigerator are: solar PV panel, charge
controller/inverter and refrigerator set. The components
of the system are as outlined:

Solar PV Panel

The PV panel cells being semiconductor such as silicon
[3,4] converts sunlight into electrical energy by
photovoltaic effect.

Storage Battery

The direct current from the PV cells are stored as
electrical charges in the battery. The stored energy are
made available when needed.

Charge Controller/Inverter Unit

The charge controller regulates the voltage produced
from the PV cells before the charges are stored in the
battery. It functions also as a medium to prevent the
battery from being over-charged or over-discharged.
Hence, it supplies the right amount of energy to the
battery for prolonged life. The inverter converts the low
DC voltage to useable AC voltage. See Figures 1 and 2.

+ PV Errent | Load currenf
(FC) (AC) Refrigerator
— ——| Charge Controller o
Inverter Unit
¥ T
Battery ‘ ‘
PV panel current ‘ |

Storage Battery

Figure 1. Configuration of Solar PV Powered Refrigerator
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Figure 2. Schematic of the Change Controller /Inverter Unit
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Other vital components required to build the PV
refrigerator are as follows:

Vero Boards

This is a preformed circuit board made from copper
strips and mounted on insulating bonded paper. It forms a
more permanent circuit with more reliable connections
than the one built from breadboard.

Resistors

This regulates the flow of electrical current in the
circuits.

Capacitors

Capacitors are means of storing electrical energy in a
circuit. They serve to stabilize energy flow of the system
as well as band filters for passage of specific amount of
current and voltage of specified waveform and frequency.

Diodes

Diodes are used as signal rectifier, signal limiters,
voltage regulators, switches, signal modulators, signal
mixer, signal demodulators and oscillators.

Transistors

Transistors regulate voltage or current flow in electrical
circuits and act as button or gate for electronic system.

Transformer

This acts in any circuit as voltage or current regulator.
It could be a step-up or step-down transformer.

2. Materials and Methods

A. Sizing the Refrigerator

The refrigerator whose specification is displayed in
Table 1 was selected. The required to drive the
compressor of this model of refrigerator is relatively low
compared with other refrigerators of the same size.

Table 1. Refrigerator Set Specification

panel is made up of 30 to 36 cells to comfortably charge a
12 volts battery. Extra cost of panels with more than 36
cells is not justified for charging 12 volts battery. In the
process, the panel with specification in Table 2 was selected.

C. PV Panel Stand

The PV panels collect solar radiation directly from the
sky, ground irradiation and surrounding area of the PV
panel. Orientation of the solar panel is a critical parameter
in optimizing and maximizing its exposure to direct
sunlight thereby improving upon the collection efficiency.
Solar isolation angle varies throughout the year. Hence,
the panel optimal tilt angle in winter will differ from that
in summer. The angle is also affected by the latitude of
any given place on the earth surface. In Port Harcourt
environment, for optimal summer performance, the tilt
angle should be 15° less than the latitude of the place. The
recommended tilt angle for the panel for optimal summer
and winter performance is 11°. To mitigate against heat
generation, the PV panel is placed in area where there is
adequate ventilation. Mild steel is preferred to aluminium
as construction material. The fact being that mild steel is
cheaper, tough and more resilient; though aluminium is
malleable and ductile.

Angle iron and square pipes are employed in the
construction of PV panel stand. The material specification
is displayed in Table 3

Table 3. Angle Iron and Square Pipe Specification

SIN Components Dimensions
1 Angle iron 5486.4mmx25.4mmx1.5mm
2 Square pipe 5486.4mmx25.4mmx1.2mm

Manufacturffer Samsung
SRG118
C?poa‘i?:y Width 453mm
Dimension Depth 495mm
height 835mm
weight 26kg
Power source 220v
Rated In put 70w

Refrigerant R-134a

Table 2. Solar PV Panel Specification

Manufacturer RUBITEC SOLAR
Type HU50
Power 60 W
Current at typical power 2.78 A
Voltage at typical power 18V
Open circuit voltage 215V
Cells 34
Dimensions 840 mm x 540 mm x 30 mm
Weight 6.1 kg

B. Sizing of the PV Solar Module/Panel

In a solar PV panel, each cell produces half a volt no
matter the size but the amount of current generated is
dependent on the size of the cell. Larger cells produce
higher amperage while smaller cells produce lesser. A

D. Sizing of Charge Controller

The charge controller is rated to withstand the
maximum current produced by the PV panel as well as the
maximum load current. A safety factor is considered to
ensure that the charge controller handles the maximum
current produced by the PV panel in excess of the designed
value. On a very sunny day the PV panel could produce
excess 25% current above the rated or designed current
output. Charge controller sizing takes into consideration the
short circuit current, the factor of safety and the actual
number of PV modules connected in parallel.

The current requirement of the charge controller (Icc) is
expressed as:

ICC = Na’mp X ISC x SF (1)

where,
Na,mp --Actual number of PV module in parallel.
Isc -short circuit current of the module.

E. Sizing the Inverter

The inverter converts the direct current (DC) produced
by the solar panel stored in the battery as direct current to
alternating current (AC). The alternating current is
required to power the compressor of the refrigerator. It is
required of the inverter to adequately be able to handle the
power demand of the compressor.

The power requirement of the inverter (W) in order
to efficiently drive the compressor of the refrigerator is as
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expressed:
Wiy =1.25xWe (2)

where,
W --power rating of the compressor.

F. Sizing of the Transformer

The transformer is sized to meet the voltage demand of
the compressor of the refrigerator. A center tap step-down
transformer was chosen, with a rating of 230 volts at the
primary side and 12 V-0-12 V/5 A at the secondary side.

G. Fabrication Procedure for the PV Panel Stand

Metal cutting and welding are mainly the fabrication
procedures for the PV panel stand. The basic steps
involved are as outlined:

With measuring tape and permanent marker, mark out
400 mm twice on one square inch pipe.

With the use of hacksaw cut the marked spots to obtain
two 400 mm long one-inch square pipe.

Again with measuring tape and permanent marker mark
out twice 200 mm length on one square inch pipe. The
take cuts to produce two 200 mm long of this pipe.

Repeat the same procedure to obtain two 519 mm long
square inch pipes.

With measuring tape and permanent marker, mark out
840 mm twice on angle iron. With hacksaw take cuts to
produce two pieces.

Repeat the same procedure to produce two 540 mm
lengths of angle iron.

Position the four pieces of angle iron and weld carefully
to get the right joint strength.

Position the two 400 mm square pipes and the two 200
mm square inch pipes and weld accordingly.

Finally place the two 519 mm long square inch pipe and
weld carefully and dress all the joints to the required level
of finishing.

H. Fabrication Procedure for Charge Controller/Inverter
Units

The charge controller/inverter units (CCIU) consist
of charge controller circuit, inverter circuit and the
storage battery.

(i). Charge Controller Circuit (CCC)

The building block consists of vero board, one light
emitting diode (LED), two rectifier diode, one zener diode,
two 0.1uF capacitors, three 10kQ resistors, two 20kQ
resistors, one 18 kQ resistor, one 4. 7k resistor, one
3.9kQ resistor, one 1kQ resistor, One 10kQ variable
resistor, three bipolar junction transistors (BJT), one-
insulated-gate bipolar transistor (IGBT) and a 12V battery.
The circuit diagram after soldering on a continuous
connection vero board interface is as shown in Figure 3.

The following steps are followed in fabrication of
charge controller circuits.

(a) The positive and negative terminals of the PV panel
were connected to the two continuous lines of the
vero board.

(b) Resistor R1 was connected to the cathode of D1 which
is ared led to indicate current flow to the vero board.

(c) Resistors R1, R2, zener diode D2 and transistor Q1
serve as voltage regulator in the circuit.

(d) The IGBT (FQP27PO6) serves as the main current
amplifier in the circuit.

(e) Diodes D1 and D2 are employed to ensure that
current flow in the circuit is only in one direction.
This is to prevent current flow from the battery
towards the PV panel.
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Figure 3. Charge Controller Circuit Diagram (www.electschematics.com)
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(ii) Inverter Circuit

The components used in building the inverter circuit
include a vero board, two metal oxide semiconductor field
transistor (MOSFET),four 330Q resistors, a center tapped
transformer (with a rating of 230V primary and 12-0-
12V/5A secondary. These components are soldered on
continuous connection vero board interface. The circuit
diagram is as presented in Figure 4.

The following procedures are
construction of the inverter:

(a) The pins of the MOSFET using IRFZ44datasheet.

(b) The gate of MOSFET one was connected to the

drain of MOSFET two via a 330Q resistor.

involved in the

(c) The gate of MOSFET two was connected to the
drain of MOSFET one via a 330Q resistor.

(d) Two 330 resistors were connected in series to the
source of both MOSFETS.

(e) Resistors R5 and R6 were connected in series and
the nose tapped and connected to the negative
terminal of the battery.

(f) The drain pin of MOSFET one was connected to
one of the 12V Outlet of the transformer secondary
and the drain pin of MOSFET two connected to the
other 12V outlet of the transformer.

(9) The center tap of the transformer was connected

the battery’s positive terminal.
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Figure 4. Inverter Circuit Diagram (www.electschematics.com)
Table 4. Bill of Components
SIN Cormponentt Size Quantity Unit Price (NGN) Amount (NGN)
1 Refrigeration Table top 1 26,000.00 26,000.00
2 MOSFET (IRFZ44 2 250 500
3 Centertapped transformer 12v 1 2,000.00 2,000.00
4 B.JT (2N3904) 3 100 300
5 Reistors 4w 15 20 300
6 IGBT (FQP 2TP06) 1 500 500
7 Capacitors 2 100 200
8 Soldering lead 2500 mmx 0.8 mm 1 3500 3500
9 Heat sink 1 500 500
10 Vero board 2 150 300
11 Battery 12v 1 2,000.00 2,000.00
12 Wire 1 300 300
13 Casing 1 1,000.00 1,000.00
14 Angle iron 5486.4x Zn?r;‘ mmx 1.5 1 1,052.00 1,050.00
15 Square pipe 54804 254 mm X 1 1,052.00 1,050.00
16 Solar PV panel 5486.4x 25.4 mm x 1 15,000.00 15,000.00
1.2mm
17 Transpontation 5,000.00
18 Mis ellaneous 5,000.00
Total 64,950.00
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3. Costing of Items

The costs of the various components used in the
construction of the solar powered photovoltaic refrigerator
is as shown in Table 4.

4. Conclusion

The different modules and their component parts
required for the fabrication of solar powered photovoltaic
refrigerator had been presented. The detailed and
assembly drawings were produced with solid works
software. The fabrication procedure entails processes such
as metal cutting, welding, wiring, soldering and coupling
of individual modules. From the performance point of
view, the solar powered PV refrigerator is as efficient as
the one powered from the national grid and more so
noiseless and not prone to environmental pollution. On the
of input power requirement to drive the compressor, the
solar powered refrigerator requires 60 watts while the one
powered from the national electric grid is 70 watts. In a

nutshell, the solar powered refrigerator design for Port
Harcourt environment in Rivers State Nigeria is the best
campaign in terms of performance evaluation and power
rating. The detailed drawings and assembly drawing is as
presented in Appendix I.
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