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ABSTRACT

This paper looks into how best to determine thepeters of an experimental monocrystalline photaiolPV)
module placed outdoor using Microsoft excel andylsirdiode model. The non-stability of weather paztars
added a little twist to the equation used. The agerweather data used, as a fallout of weathettdltions, are
average solar irradiance G= 842.7Wrif, and module temperature, E 52.35C, the results obtained for the
photocurrent (},), series resistance (R shunt resistance (R, open circuit voltage () maximum power point
(Pmp), maximum power voltage £y, maximum power current{l) and ideality factor (n) are 1.581 A, 0.723,
4272 x 10 Q, 9.9V, 403 W, 14.4 V, 0.28 A and 201 respegtitébwever, saturation currentyflcould not be
obtained using this method. When the parameters wsee module temperature ¥ 27.58C and solar irradiance
G, = 687.9Wnif were used, the |-V characteristics deviates tptiidbm ideal situation and no model parameters
could be deduced except &nd Ry which was found to be 1.262 A and 5.234 X Q0espectively.

Key Words: Photovoltaic, diffusion, recombination, saturatiateality.

INTRODUCTION

A photovoltaic system converts sunlight into elietty. The basic device of a photovoltaic systemtle
photovoltaic cell. A combination of cell is a moduand a combination of modules is array. The etégt available
at the terminals of a PV array may directly feecbmoads [16].

The use of new efficient photovoltaic solar cefs/(cells) has emerged as an alternative measurenefvable
power. Owing to their initial high costs, PV modileave not yet been a fully attractive alternafiveelectricity
users who are able to buy cheaper electrical engagy the utility grid [15]. However, they have Imeesed
extensively for water pumping and air conditioningemote and isolated areas where utility poweroisavailable.
Although PV cells prices have decreased considgidlning the last few years due to new developmientise film

technology and manufacturing process, PV arraystdravidely considered as an expensive choice paned with
existing utility fossil fuel generated electricity.

The demand of electricity is increasing day by d#gbally with the rapid growth of population. Thdditional
demand of electricity cannot be met with the presgstem as the raw materials are diminishing ardhs$ been
anticipated that in the next 100 years all resauliée coal, fuels etc will be exhausted complefgly

Photovoltaic systems have become increasingly popanid are ideally suited for distributed systemsspite of
their relatively high cost, there has been veryaskable growth in installed Photovoltaic systemisefE is ongoing
research aimed at reducing the cost and achiewyighefficiency.

The knowledge of PV modules’ model parameters froeasured current-voltage (I-V) characteristicsadrgreat
importance for the evaluation of PV modules’ parfance. Researchers have proposed different metbibds
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extracting the parameters of a PV module, whicHubhes saturation currentg)| series resistance {R shunt
resistance (R), ideality factor (n) and photocurreni,{l There are simple electrical models that showoadg
accuracy, as well as more complex models that itatkeaccount other phenomena inside PV cell. Tlaeesalso
empirical models that are valid for certain PV sell

Analysis of the temperature characteristics is s&me, because it is an important parameter thatrge
semiconductor carrier transport [13]

PV cells can be modeled as a current source iflglandath a diode. When there is no light presengenerate any
current, the PV cell behaves like a diode. Asithensity of incident light increases, current @grated by the PV
cell, as illustrated in Figure 1.

The search for methods to estimate these paramessesd on experimental data is justified by théiadifty in

determining the values of some variables that desthe analytical equations, when focusing onralyais of the
chemistry and physics of materials. [4]

L : il

I -:_:I.I Intensity

Figure 1 — I-V Curve of PV cell and Associated Eladcal Diagram

In an ideal cell, the total current | is equal be turrent J, generated by the photoelectric effect minus tloeleli
current j and correction term,laccording to the equation:

I=Iph_ld_1p (1)

B V+IR
I =l — I (eNsn(V R _ 1) - )
S

Which can be re-written as

B, V+IR
Iph—l=ls<e"’s"v ’RS—1>+ N S @3)
S

Wherely, lg, Is, N, R and Ry, being the photocurrent, the diode current, thelelisaturation current, the diode
quality factor, the series resistance and the stesimtance, respectively.

Deviations in the ideality factor from the value ofe indicate that either there are unusual recoatioin
mechanisms taking place or that the recombinasarhanging in magnitude. Thus the ideality facsoa ipowerful
tool for examining the recombination in a devickheTmeasurement of diode saturation curretiglonly valid
when the ideality factor is stable. An equationdwgaluating the ideality factor of a diode is

av
d(In])

n=p 4

where J is the current densifor large forward-bias voltage~nl when diffusion dominates, and for low forward-
bias voltage, r 2 when recombination dominates [5, 6].

The local ideality factor of a PV cell in the dardn also be calculated using equations (5), (67)0i7]:

w5l ®
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For its calculation, the inverse slope at eachtpoirihe | - V curve must be calculated. In theeca$illuminated
characteristics, the current, I, must be substitbielsc — I.

"= Iscﬁ_ : [d(ziv— 1)] ©

B = q/kT is the usual inverse thermal voltage, where duésalementary charge 1.6 xf0C, k is a constant of
value 1.38 x 18%J/K, T is the cell temperature in Kelvin, axids the measured cell voltage [1].

Eq (6) can be modified by adding a series resist@aenpensation term (§rto the voltage, V, term. By taking the
number of cells in series gNinto account, the expression becomes valid a@s®¥ modules:

I, — 1 [d(V + IR,
] ™)

n =
Sk Nsﬁ d(lsc - I)

The ideality factor used in a single diode equirfaodel of PV cells is confusing in that n = Tds predominantly
diffusion processes while n = 2 is for predomingmdcombination processes. If an author uses rorri= 2 for
any case involving a single diode equivalent moitheln such author could be said to be bias in disthalysis.

The parameter extraction is carried out mainly dase experimental measurements on a 17 W SONCUP
monocrystalline PV module.

The aim of this paper is to investigate the appiidg of the proposed method for improving the rextion
accuracy of PV module’s electrical parameters uiegsingle diode equivalent model.

The simplest model of a PV cell equivalent ciraghsists of an ideal current source in parallehwsit ideal diode.
The current source represents the current genebgtgzhotons (often denoted gg)l and its output is constant
under constant temperature and constant incidelitian of light. The PV module is usually represenby the
single exponential model or the double exponentiadiel. The single diode equivalent model is shawfig. 2. The
current is expressed in terms of voltage, currewt @mperature as shown in equation (2) which mo@linear
equation.

< 7 -

Figure 2 Simplified Equivalent Circuit Model for a Photovoltaic Cell

Furthermore, the parameterg,(llo, Rs, Rsn and n) vary with temperature, irradiance and depmnmanufacturing
tolerance. Numerical methods and curve fitting lsarused to estimate them.

Where |, is given at short circuit, V = 0, by eq (9) [8]10
G
Iph = G_ [Iph,ref + ,ulsc(T - Tref)] 3
ref

From[12],atR=0and V =0,
Iph,‘ref = Isc,ref ’ Iph =g 9

Where G is the incident solar irradiation on the iaddule,p, . = 0.0017 AJC is the temperature coefficient of the
short circuit current and T is module temperatiitee subscript ref denotes the value of the relptdmeter at the

reference operating condition.
The series resistance is given by [11]

Ve —V
R, = "“l (10)
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The shunt resistance is given by eq (11), [12]
3.6

R, =——— 11
Sh ™ G = 0.086 D

We divide the eq (3) by,, to make it dimensionless and then take its natlogarithm; the high-voltage
approximation then gives

Ly —1 I B
In(-L ~In|— V+IR 12
n( Ipn > " (Iph> ¥ Nsn( IR (12)
If the value of Ris known and n is constant with bias, the ploimflih:) versus% will be linear at higher
P s

voltages, with a slope equal-lgefrom which n can be deduced. The vertical axisrz#pt of the vertical axis will
S

equalin (II—Sh) from which L is easily derived [7].
14

The information on the data sheet of the module iseas shown below. They are taken at standatadeslition
(STC) i.e. at 1000 Wrhsolar irradiance, 1.5 air-mass (AM) and a tempeeadf 25°C.

The five parameters in eq (8) depend on the intidelar irradiance, cell temperature, and on treference values
at STC [14].

MATERIALS AND METHODS

The 17 W SONCUP monocrystalline solar module usettis study consist of 12 monolithically integitgeries
connected cells. The module was deployed outdodngluhe months of May and June of the year 201Bah
Local Government Area of Taraba State, Nigeria witlhad of %, and |-V data were obtained daily at solar noon
for three (3) hours at fifteen (15) minutes intéruaing a five-in-one multimeter. Module ambienmfgeratures
were also recorded. The data for daily insolati@s wbtained from energy research centre’s metegioalbstation.
The data generated were used to first, obtain #beevof |, |-V curves were obtained from where thg. Was
Ir;h:) against% are used to extract values fornat different average module
14 s

temperature. The method is implemented in Micro&ffice Excel 2007.

estimated and then a plot bf(

Table 1: Specification of 17 W SONCUP monocrystalie solar panel

Peak power (R.) 17w
Rated voltage (M) 10V
Rated current g) 1.72A

Open circuit voltage (M) | 119V
Short circuit current {J) 1.83A
Dimensions 170 x 78 x 5 mm
Number of cells in series 12

The plots obtained using the generated data amershofig. 3 — fig. 7
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and solar irradiance G = 687.9Wn?
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Figure 6 Power-Voltage characteristic curve for themodule at T = 52.35C and G = 842.7Wn¥
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Figure 7 Power-Voltage characteristics of the model at T = 27.58C and G = 687.9Wn?

RESULTS AND DISCUSSION
The V. and L. obtained from fig. 3 are 14.2 V and 0.23 A. Therefthe value for Rcalculated is 0.70.

The plot in fig. 4 does not have all I-V curve dueteristics that will enable us dedugg YV, lo, Rs, Rspand n. Jy,
was calculated to be 1.262 A.

The saturation curreng tannot be obtained as there is no intercept oplttef fig. 5.

Fig. 6 have some of the basic characteristics afleal P-V curve, therefore some parameters caxtracted from
it.

Fig. 7 does not have any of the basic charactesisti a P-V curve; therefore no meaningful dedustican be made
from it.

From the experiments carried out, the values ddipaters obtained are shown in Table 2 below.

Table 2: parameters extracted from the 17 W SONCUonocrystalline solar panel

Parameters At temperature T =52.3%C | At T =27.58C and
and G = 842.7Wni# G = 687.9Wn¥
Maximum power (Ra) 4.03W -

Maximum power voltage (M) | 14.4V
Maximum power current {}) 0.28 A

Open circuit voltage (M) 142V

Short circuit current {) 0.23 A -

Photocurrent () 1581 A 1.262 A

Series resistance {R 7.1x10°Q -

Shunt resistance (B 4272 x16GQ 5.234x16GQ

Ideality factor (n) 201 -
CONCLUSION

It is observed that data generated with solar iarazk less than 800 Whueviates from ideal situation when their I-
V characteristics are considered. It is also ustfuhote that since real data are being used fsrwork, the
atmospheric parameters like temperature and sokdiance fluctuates as much as the weather orflggriates
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thereby giving us varying data within a short timeerval i.e. semiconductor devices operation ddpeso much on
temperature [13].

Another reason may be because the study took laceoderate voltages thereby interfering with teees
resistance effect and making the local idealitydabe well above n =1 [7].

One other reason is that the time interval betwessrh reading is high thereby affecting the valuglaitocurrent
for each set of reading.
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