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Abstract

This paper presents a mathematical model of a safawur compression refrigeration system. The systensists of
a D.C. vapour compression refrigerator, a contrdlet prevents the battery from being over chargedeep-
discharged, a D.C inverter which converts direatrent from the solar photovoltaic panel or the dmttinto
alternating current that can be fed to the refag®’s compressor, a battery to store and supptygy when the sun
is not available and a photovoltaic (PV) generathich supplies power to the refrigerator and chautipe battery
with excess energy. The different components osisem are modeled, the output from one compdreaming
the input to the next component. The significanéethe resulting photovoltaic powered vapour comgi@s
refrigeration is to develop a computer model amdusition for a photovoltaic powered refrigeratioystem and
MatLab is used to simulate the system performaite simulation gives the system relationship betwde
freezer temperatures that can be attained andeintisblar radiation on the solar PV panel usinedéht solar
panels. The battery size required to run the sy$tera maximum period of 12 hours was derived.dswetermined
that as the system voltage increased, the batiseyrsquired to run the system decreased. Theriwdtage and
power-voltage characteristics of the KC65T PV pdneKyocera were studied. It was observed thabtien circuit
voltage (voltage produced when the PV panel’s teatsi shorting it out) increased linearly. This débr indeed
showed that a PV cell behaves more like a curremice than a voltage source. It was also obseitwdtie power
at MPP (maximum power point) increased with inciregisolar insolation while the ) (Voltage at MPP) remained
constant at 14.2 volts irrespective of the levelirafident solar insolation. This finding suggestédt for any
particular solar PV panel model, maximum power barobtained at a particular voltage (14.2 voltshis case),
when working at any given solar insolation leveieTcurrent at maximum powep,lwas observed to increase with
increasing solar insolation.

Keywords: photovoltaic system, vapour compression refrigergtinverter, solar photovoltaic panel, solar egerg
and insolation, solar cells and battery.

1. Introduction

Solar irradiance is a key driving force of the kalt is also ultimately the source of all energpplies except for
nuclear energy. Current and fossil biomass grewlgto-synthesis. Hydroelectric, wind and wave eiesrgre
linked to climate, which is also driven by the ghrough uneven heating on the earth. Direct comwersf solar
irradiance through solar energy systems is obwdirgked to the sun as well.

1.1. The Basis for Considering Solar Energy

There are several important reasons for considesivigr energy as an energy resource to meet thés nefe
developing countries. First, the solar energy nemiby earth is more than 10,000 times the cumestof fossil
fuels and nuclear energy combined. This means hhatessing such a large energy source has thetigbten
replace a significant amount of carbon based ftlals, reducing the amount of carbon dioxide anctrotireen
house emissions. Secondly, energy is a criticat refemany countries but they do not have widelyritisted
readily available supplies of conventional energgources. Thirdly, most of the developing countrégs
characterized by arid climates, dispersed and essible populations and a lack of investment chpitd are thus
faced with practically inseparable obstacles to phevision of energy by conventional means, forregke, by
electrification. In contrast to this, solar eneigyreadily available and is already distributedte potential users.
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Fourthly, most of the countries called developimg & or adjacent to the tropics and have goodrsaldiation
available.

1.2.Objectives

The task of this paper is to develop a mathematicatlel for a photovoltaic powered vapor compression
refrigeration system. A relationship between théarseadiation intensity and the temperature atihime the
refrigerator will be sought. The components of #@nd alone system described in this paper are arRy, a
charge controller, a battery, an inverter and avapmpression refrigerator. Figshows the system configuration.

Solar

\4 PV Array

Charge \)4
controller

y

Battery
D.C-A.C \ ( .
. q Vapor compression
inverter i ] .
refrigeration system

Figurel. System configuration for a PV poweredigefiator
2. Systems Descriptions
2.1 Photovoltaic (PV) Arrays

A basic solar PV panel consists of connected PM,oehich contain a semiconductor material covdrggrotective
glass connected to a load. When sunlight hits #meiconductor, electrons become excited. Theseezkeitectrons
are separated by an internal field inherent in gbmiconductor and collected into an external dirgenerating
electricity. Several connected PV cells form a Pdtole; connected modules form a PV array.

Figure2. A solar photovoltaic array
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The necessary size of the array for a particulad ldepends primarily on the meteorological cond#icA PV array
delivers energy depending on the incident solaratish. This work describes a mathematical model 0PV
module. The information on which this model is lwhsan be found in (Eckstein, 1990; Duffle et al91p
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Figure3. Equivalent electrical circuit for a PV geator

The light current],, is generated from the PV array and is proportidmdhe incident radiation. The diode describes
the semiconductor behavior of the PV cells. Theenirthrough the diodéy, is the loss current through the junction
of the cell. The shunt resistand®y, accounts for leakage losses at the outer edgdseatdil and is usually very
large, and often neglected. In this modey, is assumed to be infinite. The series resistaRgeaccounts for the
resistances at the connections between cell artdaayrid.

2.1.1 Governing equations and |-V characteristitthe PV module

Applying Kirchhoff's law to the circuit, we haveat [ =1 — 14— I (1)
Where;l, is the light currentlyis the current through the diodg, ik the current through the shunt resistance.
Current through the diode can be expressed as: I=I, {exp (%) -1} (2)
And current through the shunt resistance can beeegpd as: Ish:V;—:R’ 3
Applying these in eqgn. 1, we have; I=1—-1, {exp (%) -1} — Vl:—:‘RS 4)

Where;l,is the diode reverse saturation curréhtis the output voltageRsis the series resistandgy, is the shunt
resistancey is a curve fitting parameter.

When the voltage, V is zero, short circuit condiexist. The current at this point is called sleonduit current) .
If the load resistance is infinite, the currentéso; the voltage is at its maximum. This voltagiealled open circuit
voltage, V.. The voltage at the point where the power supptesthes its maximum is denoted\gg, and the
current at this point as.

The manufacturers of PV modules usually providesuesd values o¥ o, |, Vmp andl,, at reference conditions.
The reference conditions usually are at an incidetdr radiation of 1000W/frand an ambient temperature of@5
With these measured values, the four paramétetls, Rs andy can be evaluate®Ry, is assumed to be infinite and
therefore is neglected. At short circuit conditiotiee diode currentgls very small and can be neglected. It then
follows that the light current, is equal to the short circuit currehd,. I, = Is (5)



Journal of Information Engineering and Applications www.iiste.org
ISSN 2224-5782 (print) ISSN 2225-0506 (online) pag
Vol 2, No.10, 2012 st

Under open circuit conditions, the load currénts zero. The light current is equal to the curittmough the diode.
We then have from eqn. 2 that: Io,=1I.exp (VT) (6)

The “1” in eqn. 2 is neglected because it is smvakkn compared to the exponential term.

. . Y In (1'%)'Vmp+voc
The series resistance can be calculated from: Rj=—""7"—"— (7)

Imp
In addition to the four values provided by the P\@dules manufacturers, they also provide the ceilptrature at
reference conditions and the temperature coeffisiér the short circuit current)s.and the open circuit voltage,
Ve With these coefficients known, we can now decipther values of the curve fitting parameter at i&fiee
UV ocTcrer - Voct+€Ns

Toc Tont 8
(““_”e)_g ( )

Iire

conditions. The relationship is shown as: Yref =

Where;e is the band gap energy.{2 eV for silicon), Nis the number of cells in the PV arrayy is the curve
fitting parameter at reference conditiong,sIs the cell temperature at reference conditiongjd the light current at
reference conditionglsc is the temperature coefficients for the short dtraurrent,uV, is the temperature
coefficients for the open circuit voltage.

With eqgn. 8, (Townsend, 1989) showed that the ¥alhg equations are valid for PV modules:

P ©
= (3) flse + loe(Te - Terer)} (10)
= () e fons (1-72) (1)

Where; Gis the solar insolation (W/f) Gris the solar insolation at reference conditionsr(ify/ T. is the PV cell
temperature®C), l,is the diode reverse saturation current at referenaditions (A).

2.1.2. Efficiency of a Solar Panel

The efficiency of a solar panej,is defined as the ratio of power output (usefuved, Q in KW to the product of
the solar panel surface area,(?) and the direct insolation on the solar pane{K®Vv/m?) (Kim et al, 2008; Zekai,
2008) The value of G depends on meteorological conditions. Mathemayictie efficiency of a solar panel can be

- % (12)

expressed as: =
T As

2.1.3. Influence of the Solar Cell Temperature

The solar energy that is absorbed by the moduderiserted into thermal energy and electrical enefyg electrical
behavior of the PV module has been described iptéeious sections. We now want to analyze theiérfte of the
solar cell temperature on the |-V characteristibs. determine the cell temperature of a PV module eaergy
balance is made (lloeje, 1977; Zek2008):

Power absorbed by the solar PV panel is; Qp=GrAsart (13)

Where; Q = Absorbed power (W), 5= Total insolation (KW/ M), As = Area of PV panely = absorptance factor
of the collector plate; = Transmission factor of the solar panel

Power loss in form of heat is; Qu=UA(Tc - Ta) (14)

Where; Q = Power loss from the collector plate, U = coledt)-value, T = Temperature of collector plate, a T
= Ambient air temperature

Hence, useful power is given @s= Q,- Qi; Qs = GrAs 0T — UAs(Tc - Ta) (15)
From eqn. 12 it could be derived that; Qs=1GrAs (16)
Equating [eqgn. 15] and [egn. 16], we get; N GrAs = GrAs ot — UAs(Tc - Ta) (17)
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Assuming unit area, we have; nGr = Grat — U(Tc.Ta) (18)
From eqn. 18 we have; Te = Ta + (Gr toc/U) (1 -n/1) (19)

The ratio(t «/U) is assumed to be constant. To determine its vitheenominal operating cell temperature (NOCT)
is measured. The NOCT conditions are an incidetdr sadiation of 800 W/ a wind speed of 1 m/s and an
ambient temperature of ZD. The measurement is made under no load conditions

The measurement is made under no load conditionthi$ case, the efficienay, is zero. Eqn. 19 then becomes:
Tec -Ta

T

Te =Ta + (Grec/U) and making oc/U - subject, we havey =

Applying the NOCT conditions, we have that; %=¢ (20)

Gnoct

Where; Tnoct= 319K, Tinoct= 293K, G noc: = 800W/ ni. Substituting these values in equation%ie;o.osst- n
/W, T < = 0.9 {Used by all solar panel manufacturers} (&ekn, 1990).

Substituting these values into equation 19; =T+ (0.0325G)(1 —1/0.9) (22)

Eqgn. 21 shows a relationship between the cell teatpee, T, the ambient temperature,, The insolation level, &
and the efficiency of the solar parwl, It then follows that we can actually calculate itell temperature at any
given ambient temperature, insolation level andarsplanel efficiency. Once the cell temperaturg,h@is been
deciphered, the value is used to solve for curamak voltage and the |-V and P-V characteristicsfavad with a
cell temperature that depends on the ambient teahper

2.2. Battery Storage

The importance of a power storage unit in any sptaver generation system cannot be overemphasizede all
know, the sun’s supply of energy is epileptic andagy system designed to be powered by the sun nawst an
alternative source of power to run the system, witensun’s supply of power becomes low or unavhilabhe
battery provides this storage source. It storestrédal energy when the solar insolation is enot@power the load
and this stored energy is used to run the systeemire solar panel cannot produce enough powexrty the load.

This paper does not consider thermal effects amignyaaging (i.e. the number of charging-dischaggiycles the
battery has undergone). Also, self-discharge ideated. In this paper, we are more concerned atheutharging
efficiency of the batteryy,. This charging efficiency is assumed to be constenat takes into account that some
energy is wasted in producing gas. The energy $oasegiven by (Zeka008,Kribus, 2002;

Ploss: (l “Mcn )P (22)

Where; P is the input energy/power. The power pcediby the battery is given as: batx P - Rss  (23)
Substituting the value ofof eqn. 22 into eqn. 23;,R=P - (1 -n.p)P. Hence; Ri= nen P (24)

2.2.1. Charge Controllers

A charge control is needed when using a batteryefargy storage in PV systems. The battery mugirbicted
from overcharge and from deep discharge or danatfeetbattery may result. In this model, the patabntroller is
used. The system configuration of the PV systerh thieé parallel type charge controller is shownin B.

The parallel controller consists of the overchaegel the deep discharge protection. When enoughggrier
provided from the PV array, and the battery readtesnaximum state of charge, the relay for thercvarge
protection opens. The battery cannot be chargednamg. Assuming no self discharge, the state ofgehatays
constant. The load is supplied from the PV arrdyemvpossible. If the state of charge is at its murh and the PV
current cannot meet the load, the relay for thgpabscharge protection opens and the load is dissxed from the
system. The PV array charges the battery. If thecivent can meet the load again, the deep disehratgy closes
and the load is reconnected. The battery is chafdked PV current is in excess of that needecdufmply the load.
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Figure 4. PV system configuration including a plataiontroller

2.3. The Inverter

Inverters are power devices, which convert directent, DC (typically at low voltage) into alterivag current, AC
as required by conventional appliances. There enemlly two types of photovoltaic inverters avaliéa the stand
alone inverters and the grid-connected inverters.

2.3.1. Stand Alone Inverters

Stand alone or battery supplied inverters are derdgiven; they provide any power or current uphte tating of the
inverter and assuming that there is enough energyeé battery. These inverters are being used asgrgly to
operate household appliances and other ‘normal/23fuipment.

2.3.2. Grid-Connected Inverters

Grid-connected inverters are supply-driven, theyvjgte all the power supplied from a D.C sourcehe grid or
mains. Therefore, in grid-connected systems, thar §overter is the connecting link between theasgienerator and
the A.C grid. In this thesis, we are concerned withstand alone inverters.

2.3.3. Operation of the Inverter
The basic theory of operation behind an invertasifollow: See Figure5.

The top transistor switch closes and causes cutoeidw from the battery negative through the sfanmer primary
to the battery positive. This induces a voltagehie secondary side of the transformer that is etpudihe battery
voltage times the turn’s ratio of the transform&ifter a period of approximately 8mins, the switclilgs-flop, the
top switch opens and the bottom switch closes atigwurrent to flow in the opposite direction.
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Figure5. Schematic of a DC-AC inverter
2.3.4. The Efficiency of an Inverter

The efficiency of the inverter is the most impottaspect of the inverter as far as this thesisicerned, because it
will give us the AC power output we are going td fpe every DC power input into the inverter.

The efficiency of an inverter can be given as (Zek808:  Ninv = (Pout /Pin)100 (25)
Where; B is the output power from the invertey, B the input power to the inverter.

It then follows that with this efficiency known, ercan decipher the power input required to achawe needed
power output simply by applying equation 25.

2.4. The Refrigeration System

Here we describe the commonly used vapor compiressiwigeration cycle and its components. The baajoor
compression system comprises of a compressor, nsadethrottling valve and the evaporator as shawthe
diagram below:

CONDENSER

AW

é

THROTTLING

VALVE ; i |::| COMPRESSOR

4 I T

EVAPORATOR
Figure6. A basic Vapor Compression Refrigeratigel€

4
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In this paper, the refrigerator is modeled withrigefrant R134a because it has no effect on theeolayer and since
it is a global need to reduce the emission of demgegases into the atmosphere, it is a right ehdibe pressure-

enthalpy (P-h) and temperature-entropy (T-s) diagralescribing the basic vapor compression cycleshoavn
below:

P T
A 4

4 1
ig 4
Figure7a. Pressure-Enthalpy Diagram Figure7mplerature-Enthalpy Diagram
for an Ideal Vapor Compression Cycle for an Ideal Vapor Compression Cycle

2.4.1. Refrigeration Cycle Description

The ideal cycle considers heat transfer in the enadr and evaporator without pressure losses gasible adiabatic
compressor and an adiabatic expansion valve, ctethahrough piping that has neither pressure lagsheat
transfer with the surroundings. The refrigeranvésathe evaporator at point 1 as a low pressuve(émperature,
and saturated vapor and enters the compressor \he@mpressed reversibly and adiabaticallyigentropically).
At point 2, it leaves the compressor as a high tatpre, high pressure, and super-heated vapoeiiis the
condenser. In the condenser, the refrigerant & fie-superheated and then condensed at a copséssure. At
point 3, it leaves the condenser as a high pressugdium temperature, saturated liquid and entersekpansion
valve, where it expands irreversibly and adiab#tic&onstant enthalpy). At point 4, the refrigetdeaves the
expansion valve as a low-quality vapor and entkes dvaporator, where it is evaporated reversiblgomtstant
pressure to the saturation state of point 1.

2.4.2. Governing Equations

The energy equation for a  steady-flow  process, (oid@y, 2003; Shan, 2000):
‘;—;+Z1+h1+q=‘;—:+22+hz+w

Where; \//2g is the kinetic energy term, Z is the potengakrgy term, h is the enthalpy, W is work, q isthea
transfer.

In the case of a refrigeration system, the chaimgddnetic and potential energies are neglecteds tieducing the
energy equation to: hi+q=h+W (26)

2.4.3. The Compressor (Process: 1-2)

Here, the refrigerant is compressed reversiblyadidbatically (i.e. no heat transfer componenteréfore, energy
equation reduces to; b h, + W; W = h - hy; Wi, = hp - hy, Where; W, is the power input to the compressor for unit
mass flow rate of refrigerant; s the enthalpy of the refrigerant at point 1ishthe enthalpy of the refrigerant at
point 2. For a refrigerant mass flow rate™ mwW,;, = m(h - hy); P, =m(h - hy) 27)
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The refrigerant mass flow rate can be estimateth feqn. 27 with: m= i (28)

" ha-hy

Where R, is the compressor power input.

2.4.4. The Condenser (Process: 2-3)

In the condenser, heat is rejected to the surrogisdand there is no work term (W = 0), the enegyadon then
reduces to: g =sh hy; Qrej=m(hz - hs) (29)

Where; Q; is the rate at which heat is rejected from thedemser to the ambient; lis the enthalpy of the
refrigerant at point 3.

2.4.5. The Throttling Valve (Process: 3-4)

From State 3 to 4 the liquid flows through the thirog valve, where it undergoes an adiabatic expan(constant
enthalpy). Hence, we now have that: hs=hs (30)

Where; hy is the enthalpy of the refrigerant at point 4.
2.4.6. The Evaporator (Process: 4-1)

From state 4 to 1, the refrigerant flows through ¢lvaporator, where it absorbs heat from the ctstdrthe freezer.
In this case there is no work done and the enejgsitéon reduces t@. = h; — hs

CAP = m(h1 - h4) (31)

Where CAP is the heat transfer rate into the ewaporlso known as the Refrigerating Capaoityhe plant. The
CAP is also expressed as the overall heat tragsfficient area product times the temperatureetiifice between

refrigerant, and freezer. CAP = UAey (Tt - Tev) (32)

Where;UA., is the overall heat transfer coefficient area pobdaf the evaporatof: and Tey are the temperatures
for freezer and the refrigerant in the evaporatspectively.
3. System Analysis

In this section, the relationships between the tirgmad output of every component were discoveresl otitput from
one component becomes the input to the next conmpombe analysis is done using different photovol{zanel
models. The information on these photovoltaic pageh be found in (BP Solar Corporation, 2008; KyacSolar,
Inc., 2009; BJ Power Co. Ltd, 2009) and are sunaedrin table 1.

Table 1: Summary of specifications for the PV panetiels used in this paper

PV Vmp(V) I mp(A) Vel(V) I<(A) uVod(VIK) | pls{A/K) N n(%)
PANEL

BP4170 34.7 4.9 44 54 -0.36 0.065 60 13.2
BP3220 29 7.6 36.2 8.4 -0.36 0.065 60 13.2
BJP- 36 4,72 43.9 5.10 -0.16 0.065 60 14.2
230MA

BJP- 36.1 5 44.2 53 -0.16 0.065 60 14.2
180MA

KC65TS 17.4 3.75 21.7 3.99 -0.0821 0.00212 36 13.2

3.1. The Photovoltaic System Analysis

We now analyze the photovoltaic panel in orderebarelationship between the solar radiation {inpad power
produced by the solar panel (output).
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From egn. 4 and neglecting Rsh: I=I.—1, {exp (V +YIRS) -1} (33)

Eqgn. 33 is a transcendental equation and was saliad MATLAB and the value dfwas found to be:

yW{RsIo /yexp (W) +Rslu}

I =1I1Rs —

(34)
Rs
Where;W represents the Lambert W-function of the quarntityarentheses. Substituting eqgn. 10 into eqn. 34:
Gr + - +
. YW[Rslo Jyex D<V+(m){lsc m;c(Tc Tere)JRs RSI°>+RSIOI
I= (a;) {Isc+ Hlsc(Tc 'Tcref)}Rs'

Rs

(35)

Since power is given aRower = current X voltage = IV the power developed by the solar pangl}, B then
given as: R=1V (36)

Table 1 show the values W, Imp, Voo, Iy BV oo, M, N @andm used in the calculation. With egn. 6, the current-
voltage characteristics of a particular PV panel loa obtained for different insolation levels ay arll temperature,
T.. The values of)| T, Rs andy can be obtain from eqgns. 3, 21, 7 and 1 respdygtiFgs. 8 - 11 below show the |-V
characteristics of the KC65T solar panel by Kyocera
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e L B
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Fig.ure8. 1-V curve for KC65T by Kyocera at a sdtasolation level of 1000W/m
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Fig.ure9. I-V curve for KC65T by Kyocera at a sdlesolation level of 800 W/

10
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Figure10. I-V curve for KC65T by Kyocera at a sdt@olation level of 400 W/fn
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Figurel1. I-V curve for KC65T by Kyocera at a sdt@olation level of 200 W/fn

Figs. 8 — 11 are very important curves which shioat &is the load current increases, the outputgmitiecreases in

a non-linear fashion. Note the point at which eagtve intersects the vertical axis (i.e. at V =T)is is known as
the short circuit condition, and it defines how tel operates if a wire is connected betweeneitsiinals, shorting

it out. The current flow here is known as the shintuit current,lsc. Because there is no voltage, the cell delivers
no power at this point. Also, note the point at etheach curve intersects the horizontal axis. @efines how the
cell operates if it is not connected to any loakisTs known as the open circuit condition, andwbkage produced

is known as the open circuit voltagépc. Because the current is zero, no power is delivetethis point. Table 2
below shows a summary of the values paindV  at different solar insolation.

Table 2: Summary of the values gfand V. at different solar insolation

Gy I Voo
1000 4.05 18.2
800 3.2 18.2
400 1.65 18.2
200 0.8 18.2

11
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Figurel2. The effect of varying:®n k. and V.

The effect of varying solar insolation oy &nd V. is seen on fig. 12 above. A close observationgff2 shows

that the current produced is proportional to theddent solar insolation impinging on the PV paned. (the higher

the solar insolation), the greater the amount oferu produced while the voltage capability of ttedl is almost

constant. It can be seen that the Open circuigelremains constant with increasing solar insmiatihile the short
circuit current increases linearly. This behavitdtded enunciates that a PV cell behaves more likerant source
than a voltage source. Here it is note-worthy ® th&t a PV cell generates both current and volsagkacts as a
photovoltaic generator.

For each point on the graph, the voltage and ctioam be multiplied to calculate power. From ed®. ubstituting
the value of from eqgn. 35, then;
Gr

V+ (g )tlse+ mlse( Te - Terer) jRs+Rslo
(G (- o)} )+RSIDI
14

yW{Rslu /yexp< Y

Psol = (Grirev) {lsc+ Hlsc(Tc 'Tcref)}Rs' (37)

Rs

From table 1, the values Wy, I mp, Voo, I, WV Mlse N andn used in the calculations can be found. With edn. 3
the power-voltage characteristics of a particuldrganel can be obtained for different insolatiovele at any cell
temperature, I The values of,| T, Rs andy can be calculated from eqns. 11, 21, 7 and 9 ctispy. Figs. 4.6 -
4.9 show the power-voltage characteristics of t®KT solar panel by Kyocera.
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Figure13. Psol-V curve for the KC65T by Kyoceraatincident solar radiation of 2000\W/m
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Figure.16. Psol-V curve for the KC65T by Kyoceraatincident solar radiation of 200W/m

From the power-voltage graphs of figures 13 — 1&wshabove, we note that the power is maximum angles
operating point i.e. at V = 14.2Volts. This is knows the "Maximum Power Point", PP. If one is to get the
most out of their solar cells, it is essential pe@te around the MPP. That is to say that in calget the maximum
power output from any solar PV panel, one has &rate at voltages that correspond to the maximwveppoint,
MPP. This voltage is known as the Voltage at maxinpower pointV ., and it is 14.2 volts in this case. From figs
8 — 10, we can deduce the current at maximum p@Me&P), |, i.e. current av/, (I at V= 14.2 volts). Table 3
below summarizes the power at MPR,,8Indl ,, at different solar radiation.
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Table 3: Summary of the power at MPP and thg af different solar radiation

Gt M PP power Vmp I'mp

1000 51 14.2 36

800 49 14.2 3.4

400 445 14.2 3.15

200 42 14.2 2.95

60 15
a 50 vmp
o
S 40 MPP 10
E >
g 20 5
2 10

O T T T T T O

0 200 400 600 800 1000 1200

solar radiation, G;

Figurel7. Graph of Power at MPP ang\gainst G

We can also deduce from the graph of fig. 17 thatgower aM PP increases with increasing solar insolation while
theV,, remains constant at 14.2 volts irrespective ofi¢hrel of incident solar insolation. This findingggests that
for any particular solar PV panel model, maximumveo can be obtained at a particular voltage (14I8\n this
case), when working at any given solar insolatiewel. Also, from fig. 18 below, it is observed tig} increases
with increasing solar insolation.
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Figure18. Graph ofi}, against G
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4. Conclusions
The aim of this research is to develop a computatehfor a photovoltaic powered refrigeration systé his paper

also provided a means of choosing the size of ety such that the refrigerator load is always, when the solar
radiation is unavailable (a period of 12 conse@itiours as used in this paper).

The system (computer model) consists of a solarp@wel, a battery, an inverter, a controller andapov
compression refrigeration system. A MATLAB modekHhzeen developed to simulate the system performande
the simulation can be run using different solargviels.

When using solar PV panels, one has to be ablettthg maximum power output available from the isplmnel. In
order to produce maximum power, a person usindKif@sT by Kyocera has to operate the system at &agelof
14.2V which has been found to be the voltage atimax power,V ,, of the system. Operating the system at any
voltage lower than or greater than this does ribzeithe potentials of the PV panel thoroughly dhds reduces the
efficiency of the system. We have also seen thaVth, is not affected by the level of solar radiatioridable. The
current at maximum powelr,, has been observed to increase with increasing issaléation.

Consequently, one can analyze the system’s perfarenasing any PV panel, with the aid of the compuoiedel
developed in this paper.
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