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THE SELECTION OF THE OPTIMUM PV MODULES/INVERTER POWER FACTOR
FOR SMALL GRID-CONNECTED SOLAR POWER STATIONS

Anomayin. Mema danoeo docriodicenns nousieae 8 momy, woob 3'sacysamu KoegiyicHm nomyscnocmi go-
MoeneKmpuyHux Mooy / ingepmopa, wo npusgede 00 MaAKCUMANLHOI NPOOYKMUBHOCTNI COHAUHOT elekmpoc-
manyii. byna nposedena imimayilina mooens 3 pisHuMuU napamempamu nomyxcnocmi. Pesynomam mooenroganns
NOKA3YE, WO ONMUMATbHUL KOepIiyicHm NOMY#CHOCMI OJi MAIUX COHSAYHUX eIeKMPOCmanyiil 6 YKkpaini cmaro-
eumsv 6i0 1,15 0o 1,2.

Kniouosi cnoea: conauna enexmpocmanyis, GpomoenexmpuiHuii MoOyis, iHeepmop mepedici, koepiyicnm
nomyoicnocmi, koegiyienm npooykmusrnocmi, KK/ CEC.

Annomayua. Llenvio 3mozo ucciedosanus AIAEMcs GblACHEHUE COOMHOULEHUS MOWHOCIU (OmodeK-
mpuueckux Mooynei / uneepmopa, Komopoe npusedem K MakCuManbHOMY 8blX00Y CONHEUHOU INeKMPOCAHYUU.
IIpogedena umumayuonnas Mooeasb ¢ pasIuiHbIMU Hapamempamu Kodgouyuenma mownocmu. Pesynomam mo-
0e1UposaHs NOKA3LIBAEN, YMO ONMUMATLHBII KOIDGUYUueHm MowHocmu s HebOIbUIOU CONHEUHOU I1eKmpo-
cmanyuu 8 Ykpaune cocmasnsem om 1,15 0o 1,2.

Kniouesvie cnoea: conneunasn snekmpocmanyus, Qomod1eKmpuyeckuli Mooynb, UHEEPMop Cemxu, KoIp-
Quyuenm mowHocmu, Kodg@uyuenm npouzgooumenvrhocmu, KII/[ COC.

Abstract. The aim of this research is to find out the PV modules/inverter power ratio, that will result into
maximum of solar power station yield. The simulation model with different power factor parameters was carried
out. The result of the modeling shows that the optimal power factor for small solar power plant in Ukraine is be-
tween 1.15 and 1.2.

Keywords: solar power station, PV module, on grid inverter, power factor, performance ratio, SPS effi-
ciency.

Introduction

Over the past few years, there has been a significant increase in individuals’ investments in the construction
of solar power stations (SPS) with an installed capacity of up to 30 kW. This situation became possible due to
the implemented amendments to the Law of Ukraine "On Electric Power Industry™ [1] and a constant decrease of
the SPS main elements specific cost - PV modules and on grid inverters. When designing the SPS installed pow-
er and selecting equipment, a potential investor faces the problem of matching characteristics to build the most
efficient system. The situation is also complicated by the lack of unified technical recommendations and a wide
variety of different manufacturers. In their majority, the market leaders in the solar PV modules and inverters
production have their own series of capacities, which differ from each other. For example: the leading manufac-
turer of inverters (SMA) produces three-phase on grid inverters Sunny Tripower with rated power of 15, 20 and
25 kW, but the manufacturer of solar PV modules Suntech have the most cost-effective polycrystalline modules
with the capacity of 240 and 260 watts.

Main part

The research task was to find the optimal ratio of the installation power of the modules/inverter in terms of
the minimum electrical losses in the system, the maximum specific production of electrical energy, the minimum
payback period. The latter criteria should be decisive when choosing a particular power ratio. The results of the
study are obtained on an idealized model in which the losses in transformers, shadows, etc. are neglected.

The initial modeling data are shown below and in Table 1:
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Table 1.
Initial modeling data
PV Array Characteristics Inverter PV Array loss factors
PV module: Suntech STP 260-20/Wem Model: SMA Sunny Tripower Thermal Loss factor - Uc (const) - 29.0
Si-poly 25000TL-30; [W/m?K];
16-21 modules in series, 6 strings in Unit Nom. Power - 25.0 [kWac]; Wiring Ohmic Loss — 1.3% at STC;
parallel; Operating Voltage - 390-800 [V]; Module Mismatch Losses — 1 % at MPP
Nb. Modules - 96-126; Nb. of inverters 2 * MPPT 50 %. Strings Mismatch Loss — 0.1%
Unit Nom. Power - 260 [Wp]; The remaining losses are assumed to be
Avrray global power 25-32,8 [kKWp]. 0 %.
User's needs: Unlimited load.

Geographical Site: Latitude48.47° N, Longitude  35.05° E, Altitude 60 m, Albedo 0.20
Meteo data: Meteonorm 7.1 (1991-2010), Sat=100% - Synthetic
Orientation: Azimuth 0°, Tilt 30, Transposition Perez, Free Horizon, No Shadings

To achieve the maximum solvable power of 30 kW for individuals, the use of two inverters with the rated
power of 15 kW each is not economically viable, because their total cost is 180% of one 25 kW inverter price,
which will significantly increase the amount of CAPEX.

Modeling of power generation process was designed using the PVSyst [2] software product with the pa-
rameters specified in Table 1.

Designations taken:

- PV modules total STC power capacity Ppyv, KWp;

- power factor- the ratio of the PV modules total power and the installed power of the inverter

. P
K, = ﬁ (D)
- energy, injected into grid per year Egig, MWh;
- performance ratio (PR);
- specific energy produced Espec, KWh/kWp/year.

The modeling results are shown in the table 2.

Table 2.
The main modeling results of the SPS yield
PevIkWpl K Egria [MWh] PR | T e [kWh/E\s/p\;[C:)/year]
25 1 331 0,889 96 1327
26,5 1,06 35,3 0,891 102 1330
28,1 1,12 37,4 0,893 108 1332
29,6 1,19 39,5 0,893 114 1333
31,2 1,25 415 0,89 120 1329
32,8 1,31 43,3 0,885 126 1321

Based on the obtained data, the dependence of the performance ratio on the power factor was plotted (Fig-
ure 1, a). According to the graph below, it can be concluded that the maximum efficiency of the system, and,
therefore, the maximal specific yield will be observed at K, values of the range 1.15-1.2. By modeling with solar
modules of other manufacturers, the similar K, ration was gained.

These data are explained as follows. The amount of electricity generated by SPS during the day have nor-
mal distribution, where the peak falls at noon time (curve 1, Figure 1, b). This curve shape is ideal and corre-
sponds to several days in a year with ideal weather conditions. Curve 2 (Figure. 1, b) shows the distribution of
the SPS yield with an inverter of lower power than PV modules (overclocking inverter).

Although the maximum power output of a solar system will be ‘clipped’ back to the inverter’s output
through overclocking, there will be gains in the overall amount of energy generated and more energy produced
in the early morning and late afternoon. The Figure 1, b shows how the midday losses associated with an “‘under-
sized’ inverter can be offset by morning and afternoon gains. At this time of day, the not so high solar irradiation
intensity is compensated by the low ambient temperature, which positively affects the solar modules efficiency.

As for the equipment payback period, the SPS with the optimal power factor will pay for the difference in
cost from SPS with K,=1 in less than 2.5 years, including the costs of installing additional PV modules.
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Fig. 1. a- graph of performance ration versus power factor,
b — SPS yield distribution during the day.

Figure 2 shows diagrams of the annual distribution (Figure 2 , a) of the normalized energy production and
the system performance ratio (Figure 2, b) for the optimum K.

Normalized productions (per installed kWp): Nominal power 28.64 kWp
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Fig. 2. a — diagram of the annual distribution of the SPS normalized energy production,
b - diagram of the annual distribution of the system performance ratio.

Conclusion

When choosing equipment for solar power station construction with an installed capacity of up to 30 kW, it
is optimal to exceed the power of the PV modules by 15-20% over the power of the inverter.
Solar power stations with the optimal power factor are more cost-effective and, therefore, more attractive

for a potential investor.

The obtained results are of interest to potential investors, especially in the context of the new Law of
Ukraine "On the Electricity Market" [3] main provisions and the constant reduction of the energy net cost, pro-

duced at SPS.
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