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INTRODUCTION

TEMPERATURE-BASED SOLAR RADIATION ESTIMATION (Hargreaves-
Samani Model):

PERFORMANCES OF FORECASTING MODELS:

Meteorological station and Pyranometers

N

; l' “““E The Hargreaves and Samani formulated a simple model to estimate H,, whichfll Table 3 shows that PV model 2 performed much better than that of
requires only maximum and minimum temperatures (T,;, and T,,4y), the model isf@ PV model 1 with regard to maximum power output provided in the
PV Az S NN NN— “‘& represented by Equation (1) [7]: datasheet of the reference PV panel of 255 W at STC.
] A wmn e y @ H, = erO\/H (1)
G Test beds and tested modules Table 3: Performance of two PV generation models.
where k, is an empirical constant equal to 0.16 for inland region [5]. The average PVpanel Pryoodcs  Prvoodel s
PYRANOMETER daily extra-terrestrial irradiance H, (W.m™2) is estimated using Equation (2) [11]: Pev (W) 255 177 231

H,o= 1?0 Hy.Ds(COS ¢ COS & Sin wg + wg Sin @ sin &) Doviation () e 20 2
— Dy=1+0.033 cos [2m + | FORECASTING PV POWER OUTPUT:
5= 231 gg” sin |2m(284 + 5|
wg = cos (- tan ¢ tan ) The values of Pp, calculated using the power output models are
e e shown in Table 4 and Figure 7. PV model 2 estimated just about 10
ONTRETTE Avo siELD where H,, is the solar constant (1367 W.m™2), ¢ is latitude( deg), & is the solarfj % more than that of PV model 1. Results show the lowest and
Figure 1. Meteorological station with pyranometer to measure solar radiation declination for th_e month (deg)’ and (‘)§ Is the mean sun-rise hour.angle for a given hlg:heSt forelcasted P poEr that can be generated by the reference
for PV generation [1]. month (deg). D is eccentricity correction factor of the earth’s orbit on day n of the | solar panel to be 38 and 60 W (Ppymoger1), and 42 and 67 W
* year (Julian days from 1 January to 31 December) [8]. (Ppy model 2) n June and January, re_spectlvely. Thereforg, a systgm
The accurate estimation of photovoltaic (PV) power output based should be designed to meet the available demand even in June with
on the weather information of the local area intended for the § SOLAR FORECASTING: the lowest potential generated power. Figure 8 shows a strong
installation of PV system is crucial in many applications. PV correlation between the two power output models which indicates

converts the light into electricity using semiconducting materials | The physical model of PV power forecasting is the most common one and is based fl§ Some high level of confidence in the two-step process followed in the
that exhibit the photovoltaic effect [2]. The mathematical §j on the data measurement from both PV systems and weather stations [14]. The PV current study to predict the solar power output in areas with limited

techniques to estimate global solar radiation (H,) was used in this § power produced by solar PV panels can be predicted by using mathematical weather data.

study to determine the potential power output (Ppy). Hargreaves- equations [15]. The following two PV power output models have been used in this

Samani (H-S) model (a temperature-based empirical model) was study: Table 4: Inter-monthly Pp,, power output values estimated by the two models.
selected, taking the advantage of using available temperature data Models

. : . . Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov D
In areas where there is no weather stations and data [3]. The PV Generation model 1 [10]: (W) an e ar Aer Ty SAn Y ug mep et Tov Tee

Ppymodets 60 96 a0 43 43 38 42 43 95 60 60 99

model is used to estimate the global solar radiation data which is Poymodelz 67 62 57 48 48 42 46 50 60 67 67 67
then compared to the 2019 measured values collected from the Ppy model1 = HcrnA[l — ﬁref(Tc — T,.ef)] (2)

South African Universities Radiometric Network (SAURAN) station

at Vuwani Science Resource Centre, Thohoyandou. where T, = T, [*==2| Hy, 4:0.16 m?, 11:0.16, Br.c7:0.0045%/°C, Ty y:25°C, Hy:1000 W.m™2 o s

The estimated H. was used as input to the PV power output PV Generation model 2 [12]: 2 s 5

mathematical models to predict the power output of the 255 W 2 % :

solar panel that has been installed on site. The selected models Ppy moder2 = Vinpplmpp (3)

fOr thIS StUdy are Skoplakl (PPV,mOdel 1) and Ramll (PPV,mOdel 2). The 40__ E\.‘rrcluhun between Skoplaki and Ramli mmlc]\ﬂ
performances of the models were tested for the panel under Viop: Vipprer + Wv.0c(Te = Tref), T e M A vy T i ue sty 0 v Do L

S
Months of the year (2019)

HC
Impp Impp ref + Isc ref (HT) + .ul,sc(Tc o Tref)

PPV,model 1 (W)

standard testing conditions (STC) and outdoor weather conditions.

The work presented in this paper lays a foundation for short to Figure 5: Estimated and observed in Figure 6: Correlation between the
long term forecast of PV power output and the sizing of the system inter monthly global solar radiation. measured and calculated solar
radiation.

In the design phase which is adaptable to any location with limited
weather data information as well as to determine the suitable
panels for the site.

STATISTICAL ANALYSIS:

CONCLUSION

The performance of H—S model for estimating H. has been
compared with observed data in Vuwani. Results suggest that the
empirical model provides acceptable H,. estimation at any location.
Accurate estimation of H. Iis important for various applications

The estimated solar radiation values using H-S model were compared with the

observed values [13]. The coefficient of determination R?, root mean square error
255 W PV PAN E L (RMSE), mean bias error (MBE) and mean percentage error (MPE) in Equations (4)
— (7) were used to analyse the accuracy of the estimated values obtained [16].

RMSE =Z?:1\/(Hc.i—ﬂm,i)2 (4) Including PV power forecasting during the design and sizing of

" power generation system. This work aimed at examining the

MBE = — i=1(He,i—Hp,i) () capability of empirical models in forecasting PV power output In

MPE =1 ?1|Hc'i‘Hm,i|x100 )l areas with no other weather data, but temperatures only. The

2 Zgﬁz—ﬁaz average measured H,, 211 W.m™2: ranging from 160 t(; 260 W m=2

I — R“=1- > (H,—Ti)2 (7) while empirical model gave an average H.. 221 W.m™= with values

ranging from 162 to 264 W.m™*

poly-crystalline panels at
VSRC.

In the above relations, the subscript i refers to the ith value of the solar irradiation
and n is the number of the solar irradiation data values. The subscripts “c” and “m
refer to the calculated and measured global solar irradiation values, respectively.

The two PV power models (Ppymoder1 @Nd Ppy moder 2) Predicted

performance was assessed in this study under the weather average annual power outputs, respectively as follows: 51 and 57 W,
conditions at Vuwani. The data set of the panel and its hence about 22 % of the maximum power output of the panel at

ot : : STC. This performance was found to be consistent with the local
characteristics are shown in Table 1. The advantage of this PV > _ _ _
technology is that it reduces the series resistance between cells R ES U LTS AN D D I SC U SS I O N ;‘il%/r g‘dtlﬁgorgftehraeunQSSSEIZ??a%pSt%\:]egf 'Qo\éngin" l’VZh'S/h w;r;c,_ ﬁgg”;
due to back-to-back cell interconnectors. The panel ke 0 lal -m = vuwan
; y 5 kW solar plant consisting of 20, 255 W PV panels. On the two

specifications are given in Table 1. _
models predicted an annual average power output of 1018 and 1135
W.

Figure 2 shows a 255 W polycrystalline solar panel whose

ESTIMATED GLOBAL SOLAR RADIATION:

Table 1: Electric dataset of EnerSol255 PVcharacteristics. The performance of a widely used empirical model (Table 2) for estimating daily Hc
Pox Voo I, Vap Inp  Ho Hsc at SAURAN Vuwani stations was evaluated.
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Table 2: Observed and estimated solar radiation for Vuwani in 2019.
M ET H O D O LO G Y Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
H, (W/m?) 248 247 218 170 184 160 185 187 224 213 240 260

H. (W/m?) 264 245 221 185 185 162 179 195 236 264 263 262
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FLOW CHART PLAN:

Figure 3 represents the site assessment plan which was followed ) / - / R E F E R E N C ES
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for the solar power output forecasting based on weather conditions
on site.
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[ PV power output forecasting in Vuwani ]

The average monthly temperature data measured at Vuwani’s
SAURAN station in 2019 in Figure 4 was used as input in Equation
1 to calculate H.. Calculated H. was used to forecast PV power
output using a 255 W solar panel in Figure 2 installed at Vuwani.
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