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Abstract

The performance of a 13 kW,, roof mounted, grid connected photovoltaic system in Northern Ireland over a period of
three years has been analysed on hourly, daily and monthly bases. The derived parameters included reference yield, array
yield, final yield, array capture losses, system losses, PV and inverter efficiencies and performance ratio. The effects of inso-
lation and inverter operation on the system performance were investigated. The monthly average daily PV, system and
inverter efficiencies varied from 4.5% to 9.2%, 3.6% to 7.8% and 50% to 87%, respectively. The annual average PV, system
and inverter efficiencies were 7.6%, 6.4% and 75%, respectively. The monthly average daily DC and AC performance ratios
ranged from 0.35 to 0.74 and 0.29 to 0.66, respectively. The annual average monthly AC performance ratios for the three
years were 0.60, 0.61 and 0.62, respectively. The performance of this system is compared with that of other representative
systems internationally.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Monitoring PV performance provides data to demonstrate (i) the performance of system components, (ii)
energy production, (iii) loss mechanisms associated with system operation, (iv) reliability and causes of system
failures, (v) validity of theoretical models using measured data and (vi) long term system performance [1,2].
The two main generally recognised monitoring procedures [3] are: (i) [IEC 61724 [4] provides photovoltaic sys-
tem performance monitoring guidelines for measurements data exchange and monitoring parameters,
frequency of measurements and duration of monitoring and (ii) Ispra Guidelines [5] that follow an analytical
monitoring method.
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Nomenclature
A PV area (m?)
d day

Excy daily total AC output (MJ)

Epcy daily total DC output (MJ)

I, in plane insolation during period of inverter operation (MJ m?)
IG.a daily total global horizontal insolation (MJ m~2)

Istc insolation at standard test conditions (kW h mfz)

It daily total in plane insolation (MJ m~?)

IG. average hourly horizontal insolation (MJ m2)

Ity average hourly in plane insolation (MJ m~2)

IGm monthly average daily global horizontal insolation (MJ m~?)
ITm monthly average daily total in plane insolation (MJ m~?)

L, monthly average daily array capture losses (h d™ )
L, monthly average daily system losses (h d™")

m Month

N number of days in month
Ppy raea PV rated capacity (kW)
PR performance ratio

PR 4 daily AC performance ratio

PRAc,» monthly AC performance ratio

PRy  daily performance ratio

PRpc, daily DC performance ratio

PRpc,», monthly DC performance ratio

PRac,, monthly average daily AC performance ratio
PRpc,, monthly average daily DC performance ratio
Rgr  ratio of average daily in plane to horizontal insolation
Tan average hourly ambient temperature (°C)

Yau daily array yield (hd™")

Y., ~ monthly average daily array yield (h d™

Yiq  daily final yield (hd™")

Yem monthly average daily final yield (h d™")

Y.q  daily reference yield (hd ™)

Ninva  daily inverter efficiency (%)

Ninv.n ~ monthly inverter efficiency (%)

npva  daily PV efficiency (%)

nev., ~monthly PV efficiency (%)

Ns,d daily system efficiency (%)

Ns,m monthly system efficiency (%)

Nem monthly system efficiency when inverter is operating (%)
iipv,m  monthly average daily PV efficiency (%)

finvn ~ monthly average daily inverter efficiency (%)
Hs,m monthly average daily system efficiency (%)

The performance of grid connected PV systems depends on weather conditions (i.e. incident insolation and
ambient temperature), the operation of each individual component (i.e. PV generator and inverter) and the
connection of the system to the grid [6]. The performance ratio (PR) (defined as the ratio of the PV energy
actually used to the theoretically available PV energy) is influenced by insolation, shading, operating temper-
ature of PV module, relative sizing ratio of inverter and PV array, type of PV module, inverter characteristics
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