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ABSTRACT: The paper presents an analysis of the goid-connected systems installed in Malta anditooed by the
Institute for Energy Technology of the UniversifyMalta. The systems have varying power ratinggraation and tilts.
Three systems had stationary solar modules, whéefaurth one used an active tracking device. Timpgse of this
study was to evaluate the performance of diffesgatems under the local weather conditions of e&Mediterranean
country. Comparison to other systems in EU cousitwas made and answers to frequently asked questiere found.
The mean monthly Performance Ratio of the systemgead between 0.51 and 0.80, while the final yieds reported to
be between 2.76kWh/kWp/day and 3.61kWh/kWp/day. fihal efficiency was also found to be between 5.4f@

7.1%. This compared favourably with results repbig European researchers such as in the Thermied®r The
inverters proved to be safe and did respond asceegbeduring times of grid disturbance. In view oflk&’'s new
membership in the European Union, this study velldm essential tool to support future widespreaudiGgiions of solar

electric systems in Malta.
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1. INTRODUCTION

The monitoring and installation of grid-connected
systems by the Institute for Energy Technology {IBT
the University of Malta started in 1996. The data
collected in Marsaxlokk (lat. 35.8°N, long. 14.4%)15
m altitude has helped to comprehend the behaviodr a
potential for photovoltaic (PV) systems in Maltan |
2002, two systems were also commissioned for mivat
entities, i.e. a residence “Mytton Lodge” and atdag
“Baxter (Malta) Ltd". The purpose of this paper ts
make a comparison of the performance of four dffier
grid-connected systems existing in the country tfoe
period ranging from June 2002 to December 2003.

2. THE SOLAR POTENTIAL

Figure 1 shows the daily mean of solar radiation
taken by six different solar pyranometers.
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Figure 1 — Mean daily solar radiation for the périmine
2002 to July 2003 taken at Marsaxlokk, Malta

Three Kipp & Zonen thermopile pyranometers were
used to measure the global horizontal, global défand
inclined (36° to the horizontal) radiation. The etlthree
readings were collected by using silicon cell based
pyranometers that measured the global horizontal
radiation, inclined (36° to the horizontal) radiatiand on
the plane of the PV tracking system.

The Kipp & Zonen pyranometers had higher values
of irradiance, since unlike the silicon cell-based
instruments, they are sensitive to the whole solar
spectrum. Nevertheless, the silicon readings whee t
ones used in this paper, since they characterined t
actual solar potential available for the silicon E#®lls.
They could be identified as being consistent atidbie,
when compared to the Kipp & Zonen Pyranometer
readings.

Since there was no radiation data taken for the tw
privately owned solar systems of Mytton Lodge and
Baxter, the PV F-Chart software was used to pretiet
solar radiation on the planes of the solar arrdysese
were at 30° to the horizontal and azimuth of 40°&wW
at 25° to the horizontal and azimuth 0° respeativel

By finding the predicted radiation ratio betweertte
of the two planes and the horizontal, as givenheyRV
F-Chart software, the actual mean daily radiationld
be found by multiplying these ratios by the actwalles
obtained from measured data of the silicon-cellebas
horizontal pyranometer at Marsaxlokk. These values
could be very representative of the two sites sitize
comparison between values measured at the horlzonta
and at 36° compared favourably with the PV F-Chart
prediction.

3. SYSTEMS DESCRIPTION

All the PV systems analysed faced the true geogdraph

south except for “Mytton Lodge” where the modules

were fixed to a 40° SW wall. In Table 1, a desaipbf

the inspected systems is presented to allow a rbette
understanding of the differences between them.

4. DATA ANALYSIS

The period of analysis for the systems ranged from
June 2002 to July 2003. During this time data was
collected both for radiation (as presented in Féglirand
for performance of the mentioned systems in 15-teinu
mean data files. The performance data included gmon
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others power output, grid impedance, grid voltag&d
current, PV voltage and PV current.

Table 1. Inspected Systems in Malta
IET IET Mytton

ID. Static  Tracking Lodge Baxter
! Traxle . .

Type Static Tracking Stationary Stationary
Location M'Xlok M’Xlokk Madliena Marsa
Azimuth 0° 0° 40°SW 0°

Tilt 36° 36° 30° 250

Angle
Cell Type Poly-Si  Poly-Si Mono-Si  Poly-Si

30 24 Solar
6 Solarex 33 Shell
Modules Solarex Power
msxeo MSX60  gp gg RSMS0O
Nominal 1.8
Power  kWp 0.36 kWp 1.5kWp 3.0 kWp
SMA SMA SMA SMA
Inverter PVWR Sunny bo sSunny sunny
1.8 SWRy700y boy SWR boy SWR
1100 2500
Start Date Jun-96 May-01 May-02  Aug-02

Quality tests were carried out on the database. To
enable comparison between all the systems a morgtor
fraction was done to allow a better understandihthe
data sets. It was clear that, the four systemsocén be
compared after September 2002 when all were
operational. The data collected was used to cakeule
results presented in graphic mode below.

5. RESULTS AND DISCUSSION

5.1. Systems Performance Analysis

To establish a relation between the systems it was
necessary to determine some performance paranaters
recommended by the Joint Research Centre, Ispra
Establishment [1]. Figure 2 presents a comparison
between final yields of the systems.
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Figure 2 — Mean Monthly Final Yields from June 02 t
July 03

The final yield () is defined as a ratio that compares
the actual output power to the peak nominal salexya

power rating at standard test conditions (STC) BfC2
and an irradiation of 1000 W/mit was calculated using
Equation (1):

Y=Y e ®

DAY Pnom

where P\ is the useful energy output in kwWh/day and
Pnom is the nominal peak power output of the system as
supplied by the manufacturer.

As expected it may be concluded that as the rniadiat
increased, Yalso got higher. The tracking system (0.36
kWp) achieved similar values to the Baxter syst&m (
kWp) in the months of higher irradiation, but suéfe in
winter when occasional rainfall and diffuse radiatare
more frequent.

The maximum final yield shown in Figure 2, was
4.89kWh/kWp/day achieved in August 2002 by the
tracking system.

The Mytton Lodge (1.5 kWp) system, being placed in
a converted quarry, suffered from shadowing espigcia
in winter, thus reducing its output.

The stationary system (1.8 kWp), has normally
higher Y; values than Mytton Lodge. In winter, the Y
stationary values are only smaller than the ones fr
Baxter system.

In Figure 3 a comparison of the Performance Ratio
(PR) for the plants was made. The performance ratio
compares the actual energy output and the theatetic
maximum energy output from the system, if it was
operating at standard test conditions. This ratiasw
calculated using Equation (2).

pRzﬁ 2
r

where ¥ is the final yield in kWh/kWp/day and,¥ the
reference yield in kWh/kWp/day, numerically equal t
the incident radiation on the system in kWh/m

Since losses always existed in converting solar
energy into electricity (capture losses) and in the
transmission and conversion of electricity withinet
system (system losses), the value of PR was allesgs
than 1.
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Figure 3 — Mean Monthly Performance Ratios fromeJun
02 to July 03

The Baxter system achieved higher PR and its
maximum value was 0.8. In June and July, there neas
radiation data for the tracking plane. Even so, the
tracking system showed a more stable PR than tier ot
systems with a mean of 0.57. However, these valate
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relatively lower due to the higher operating tenapeares

of the modules as they track the sun. The tracking
performance ratio is higher than the stationaryatter
months. It is clear that during winter, most of thecking
inplane radiation was lower than normal and thiplies
that the tracking mechanism did not respond so well
during winter.

The stationary system had a lower annual mean PR
with 0.55. The Mytton Lodge PR showed a varyingueal
as time went by, from higher values than the statip
system from June to October 2002 and lower valias f
November 2002 to June 2003. This is contrary totwha
one would expect of solar PV modules but agairs, ii
explained for the shadowing on the modules in winte
and spring.

The efficiency of the systems were also calculated
using Equation (3)

- Output _ PVuse 3)
Input  IA* A
where PVuse is the useful energy output from tetesy
in kWh and IA is the mean inplane radiation in kwif/
and A is the total area of the modules. In Figurthet
mean monthly efficiency for the systems is shown.
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Figure 4 — Mean Efficiency for all systems from @2
to July 03.

The most efficient system was the Baxter systerh @it
mean of 7.1% and a maximum value of 7.7% occurring
in January 2003. The tracking system had a lessiegft
performance achieving a mean of 6.1% and a pealeval
of 6.8% in October. The stationary system achieaed
mean efficiency of 5.5% but interestingly achieweé
same peak value as Baxter in February with 7.7%. Th
Mytton Lodge system was the only one using mono
crystalline silicon cell technology and achievednaan
efficiency of 5.1% reaching a peak of 5.7% in Japua
2003.

5.2. Grid Connection Analysis

Parameters pertaining to grid performance were als
checked. The voltage variation is presented in rieidu
The fact that the Mytton Lodge had lower grid vgéa
readings was related to the higher distance from th
substation connection point. The stationary andkirg
systems had a substation a few meters away and the
Baxter system, was placed in an industrial arealesd
the point of common coupling inside the factory.isTh
explained the higher readings for the Baxter sysfEne
Mytton Lodge showed smaller readings in August 2002
March and April that could be attributed to locawer
cuts. The low values were due to the averaging®fl6-
minute readings when these events occurred.

It is clear that the systems maintained the valnes

certain band that dropped slightly by time. Thisswary

likely related to increased demand of electricifyhvwno

corresponding increase of substation capacity.
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Figure 5 — Grid Voltage from June 02 to July 03.

The variation of the grid frequency was aroun®89.
showing a quite stable grid frequency on along-term
basis. The values for the stationary system showed
higher band gap. This was related to the fact thist
system had a different data logger that only stdhed
lowest and highest frequency points.

The inverter accepts variation of £ 0.5% of norhina
50Hz grid frequency. If the frequency passes thvafges
or if it changes drastically, the inverter discottsen 0.2
seconds [3] to prevent islanding. There was no Iprob
in the analysed period.

The grid impedance was also analysed and thetsesul
are shown in Figure 6.

Impedance (Ohms)

Figure 6 — Impedance for three systems from Jurte 02
July 03.

It was clear that the Baxter system had higher
impedance values, because of the relatively loetadce
between the inverter and the coupling point to ghd.
The Mytton Lodge and Tracking devices showed middle
values of grid impedance. Even so, it is possiblsde
that there are lower peak values for the Mytton deod
and higher peak values for the tracking system. ddta
logger for the stationary system did not monit@ ghnid’s
impedance.
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6. CONCLUSION

The analysis of all the systems showed some
interesting results. The performance of the Basystem
was quite good enhancing the investment of the
company. On the other hand, the tracking system
required more investigation. Nevertheless, previsask
done on long-term data has proven the good potdaotia
these systems in the country [4]. A check up of the
system needs to be made to increase its potemtial f
winter months.

The stationary system has been providing over 60%
of the electricity needs of the IET. Its lower merhance
was attributed to the fact that the modules haveeto
efficiency being manufactured in the early 90’s.

The lower results for the Mytton Lodge system were
not surprising, since shadowing could not be awhide
The analysis of grid connection showed no problems
related to potential islanding, confirming the s#guof
the systems.

The mean performance ratio of the systems ranged
from 0.51 to 0.80, and the mean monthly yield was
between 2.76 and 3.61 kWh/kWp/day. The mean annual
solar radiation in Malta is around 5 kWHiday.
Comparing the results to all the other Europearnepts
analysed by the Thermie programme of the European
Commission [5], it was clear that Malta’'s PV system
were within and sometimes surpassed the Europege ra
of expected values for PR (0.48 — 0.58) and3r(3 — 4)
kWh/kWp/day.

The systems have saved an equivalent averagé of 8.
MWh/annum from the national grid and avoided the
emission of 8.03 tonnes/annum of flue gases.
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