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ABSTRACT - To determine the optimum tilt angle of panels in large scale flat-plate photovoltaic arrays both theoretical and
experimental activities have been carried out. A theoretical method to determine the solar radiation collected by PV arrays
which considers meteorological data, module glass reflectivity and array type (single or multiple rows) was used. This
method has been implemented as compared with others in order to consider the accumulation of atmospheric pollution on
panels. An experimental activity consisting of measurements of glass reflectivity and ammospheric pollution accumulation on
panels have been carried out in Conphoebus test facilities. One year data of continuous operation of 4 flat-plate arrays, south-
facing and differently tilted, in ENEL's PV test field at Adrano have been used o analyze the accuracy of the method, Using
this method the determinaticn of solar radiation collected by a large scale PV array sited in Southern Lialy has been made and
relevant indications according to the optimal tilt angle of the array have been given,

1. INTRODUCTION

Determination of solar radiation availabie on differently orien-
ted surfaces is required in PV armay design. Usually, in Northern
hemisphere, the arrays are oriented towards south to maximize
the produced energy over an entire day, Moreover the tilt angle is
chosen taking into account the necessity to maximize the produ-
ced energy, over an entire year or over the season in which the
load energy demand is greater. When choosing the array tilt
angle, it must also be taken into consideration that low tilt angles
involve simpler and more economi: panel supporting structure,
smaller land area but more dust accumulation because of
atmospheric pollution on module glasses.

The larger the PV array is, the more important the cheice of
the optimal azimuth and tilt array angles is.

2. A PROPOSED METHOD TO DETERMINE THE SOLAR
RADIATION COLLECTED BY LARGE SCALE PV
ARRAYS

To determine the solar radiation incident on a tilted surface
many theoretical methods, which consider meteorological data,
are available /1, 2, 3, 4, 5/.

In order to obtain a better accuracy when deterrmining the solar
radiatton collected by large scale PV arrays, an improved methed
has been developed, which takes into account some particular
effects.

Effects to be considered for the determinatjon of the solar
n.coll ! PV
a) Module glass reflectivity effect

When the solar beam reaches PV module glass, it is partly
reflected and partly transmitted into the module. The glass reflec-
tivity (i.e. the ratio of the irradiance reflected by a specific surface
to the irradiance incident upon it) is a function of the incidence
angle and of the refraction coefficient of the air-glass interface.
Measurements of module glass reflectivity have been caitied out
in Conphoebus test facilities: I-V characteristics of a differently
tiited module have been taken by means of a pulsed sun simula-
tor. The following results point out the glass reflectivity effects:

1) module glass optical wansmittance decreases when the
incidence angle of solar radiation increases; measurernents
show thar transmittance decreases especially with an inci-
dence angle over 50° (see Fig. 1);
power generated by the module is lower than could be
expected if just the cosine law is considered (see Fig. 2).
b) PV array type effect

The collected solar radiation changes according to the type of
PV array: single or mulu-row. In the case of multi-row arrays,
each row can be shadowed by the front row decreasing coilected
solar radiation.
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Fig. 1- Glass optical transmittance versus incidence angle of solar

irradiance on clean and dusty modules. Measurements made by
means of pulsed sun simulator.

c) Ammospheric pollution accumulation effect .
If low tilt angle of panels is chosen, the effect of atmosphenc

pollution accumulation on PV modute glasses becomes particu-

larly important. Measurements of dust accumulation have been
carried out in Conphoebus test facilities: differently tilted single
modules (0°, 10°, 30° and 60°) have been exposed outside ?nd
module glasses have been cleaned off only by meteorological

events. During one year monthly measurements of module I-V

characteristics at Standard test conditions have been taken. The

following results point out the dust accumulation effects:

1) the module output power decreases when the dust accumula-
tion level increases, according to the module tilt angle and the
meteorological conditions (see Figures 3 and 4). One year
outdoor exposure has produced, on PV modules, an average
decrease in generated power, in comparison with the init
values. This was as high as 4.4% (with maximum value 0
13%) for horizontal module, against an average of 2.9% for
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Fig. 2 - Decrease of generated power versus incidence angle of solar trra-
diance on clean and dusty modules. Measuremnents made by means
of puised sun simulator.

the 10° tilted module, 2.1% for the 30° tilted one and 1.8%
for the 60° tilied one;

2) the module glass optical ransmittance, with respect to the
incidence angle of solar radiation, changes as the dust
accumulation level on the module does (see Fig. 1); measu-
rements show that dust accumulation emphasizes Tznsmit-
taéncc decrease especially when the incidence angle is over
50°.

These results could depend on site, meteorological conditions
and type of module glasses; therefore the values obtained by
measurements cannot be assumed as always valid. Nevertheless,
they allow an evaluation of the influence of the aforementicned
parameters on the solar radiation collected by differently tilted
large scale arrays.

2.2  Description of the proposed method

In order to obtain a higher accuracy in the determination of
solar energy collected by large scale PV arrays, the proposed
methed takes into account the aforementioned effects.

a) Since the direct, diffuse and ground-reflected components of
solar irradiance are differently reflected by glass, the deter-
mination of their reflection needs separate calculations /6/:

- reflection of the direct component is calculated computing
the incidence angle on an hourly basis;

- reflection of the diffuse component should be calculated
by integrating the reflectivity, as a function of incidence
angie, over the part of sky seen by the module; the analy-
tical integration can be avoided by considering the reflec-
tivity as a constant {equal to its value when the incidence
angle is 0°) and by decreasing properly the angle through
which the sky is seen by the module;

- reflection of the ground-reflected component is calculated
in a similar way as diffuse component calculation.

b) The PV array type effect has to be considered /6/, taking into

account that in the case of multi-row arrays: - the ground-
reflected radiation can be neglected; - the diffuse radiation
must be decreased by the same propertion of the part of sky
shadowed by the front row; - the direct radiation does not
change specifically because usually the distance between two
rows does not allows any shadowing during high radiation
hours.
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Fig. 3 - Effect of dust accumulation on differently tilted (0°, 10°, 30° and
60°) single PV modules at Conphoebus test facilities (Catania,
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Fig. 4 - Effect of dust accumulation on differently tilted {0°, 10°, 30° and
60°) single PV modules at Conphoebus test facilities (Catania,
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¢) Finally, the effect of atmospheric pollution accumulation on
PV module glasses has to be considered by adopting an
attenuation factor for the collected solar radiation, This factor
has to be changed with module tilt angle, according to the
experimental data of dust accumulation on module glasses
where yearly average values have been 1aken into account
(see fig. 4).

2.3 Experimental data used 1o analyze the accuracy of the

roposegd method

To obtain an experimental determination of solar radiation
collected by differentiy tilted PV arrays, more than one year
operation of a PV plant, sited at Adrano (Sicily), has been
monitored.

The Adrano PV plant is a test installation for photovoltaic
generators, set up by ENEL and supported by EEC-DG XII. It
consists of four 2.5-3 kWp flat-plate PV arrays connected by
means of MPPT inverters 1o the local 20 kV grid /7/.

At the start of the activity PV arrays were cleaned off and set
up south-facing and differently tilied (0°, 10°, 30° and 60°).
During operation, the arrays were forced to work at their
maximum power point by means of the MPPT's and the modules
were cleaned off only by the whether events.

Available data, collected by a high-precision data acquisition
system and off-line processed, allow the following considera-
tions:

1) the 30° tilted array has produced 21% more energy than the
horizontal one, the 60° tilted one 14% more and the 10°
tilted one 11% more (see Fig. 5 and Tab. 1);

2) atmospheric conditions did not succeed in the complete
cleaning of module glasses and after one year operation
deposition of atmospheric pollution was evident, especially
on the horizontal array,

In order to analyze the predictions of the proposed method the
experimental data have been compared with the calculated ones.
The collected solar radiation on differendy tited planes have been
calculated starting from the daily radiation data monitored on the
horizontal plane of the same site from March 1989 to April 1990
(see Tab. 1). The results of the comparison show that the predic-
tion of collected solar radiation is quite more accurate when the
reflectivity and dust accurnulation effects have been considered.

3. PREDICTION OF SOLAR RADIATION COLLECTED
BY A LARGE SCALE PV ARRAY SITED IN
SOUTHERN ITALY

Prediction of solar radiation collected by a large scale PV array
has been obtained (see Tab. 2 and Fig. 6, using the proposed
method and the solar radiation data of the meteorological station
nearer to the installation site of ENEL 3.3MW PV plant. Daily
radiation data of the average vear of the Naples station /8/ have
been used. o

In particular, for a large scale flat-piate PV array sited in this
region, the following considerations can be made: )

a) the optimum array tilt angle is near to 30° for the single-row
array type and 25° for the mult-row array type (either if dust
accumulation on glass is considered or not); nevertheless,
even if the tilt angle varies between 15° and 35° the annual
solar radiation collected by a large scale PV array remains
nearly constant {see Fig. 6}, Appreciable losses occur at 10°
(4% decrease of solar radiation collected using optimurmn tilt
angle) and at 45° (5% decrease); )

b) a single-row array, adopting the optimum tilt angle, collects
during one year 9% or 12% less solar radiation than a
horizontal multi-row array, according to whether the effect of
dust accumulation on module glass is considered or not;

c} the use of a single-row PV array needs less land area than the
multi-row one: the fand area is a function of the tilt angle
(-50% at 40° for single-row respect to multi-row; -36% at 20%
-23% at 10°); nevertheless, in a single-row array, a very low
tilt angle is preferred or required in order to have a simpie and
economic suppotting structure and to allow easy module
inspection and maintenance, but this implies a relevant loss in
the energy collected.
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4. CONCLUSIONS

The processing of theoretical and experimenial data shows that
the propased method allows the determination of the solar radia-
tion collected by differently tilted flat-plate large scale PV arrays,
taking into account meteorojogical dat, module glass reflectivity,
array type and accumulation of atmespheric pollution on panels,
with sufficient accuracy for armay design.

In Southern Italy (35 to 40° N latitude), the annual solar
radiauon collected by a multi-row South-facing PV array is quite
constant changing its tilt angle from 20° to 35° with respect to the
horizontal; setting up the panels on the horizontal plane, the
annual solar radiation collection decreases of 12% considering
also dust accurnulation on panels. These considerations have led
ENEL to the choice of a tilted multi-row array tilt angle of 20° for
the 3.3MW PV plant to be sited near Naples. This choice is a
good compromise between uradiance collection optimum tilt, low
land occupation and simple array supporting structure.
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Tab. t - Comparison between predicted and measured solar radiation collected
by differently tilted flat-plate PV arrays.
(Site ADRANQ, lar. 37.30°N, Solar radiation data source:
DAS ENEL/CREL, Mar '89 - Apr '90)

Solar Solar rad. data | Operating
radwmtion | + reflectivity | data of 4
dam + dust accum. | PY arrays
{caicul.) | (calculaed) {measur.)
Opumum arrav tilt angle WP wr Lty
Differences with respect  fo the  optimum tilt angle (%]
r -11.9 -14.9 -17.1
Adopted 1ilt angle 1 -59 -6.5 -8.2
&r -7.4 8.7 -9.2

Tab. 2 - Prediction of yearly solar radiation collected by differently tilted
flat-plate PV arrays.
(Site NAPLES, lat. 40.51°N, Solar radiation data source:

CNR - [FA. average year)
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Solar Solar rad. data | Solar rad. daia
radiation | + reflecuvity | + reflectivity
data + dust accum.
Optimum tilt angle 25° 25° 250
Differences respect to the optimum tilt_ angle [%]
¥ -8.5 -89 -11.5
e -33 -5 4.4
Adoptad tilt angle a0 <05 -0.5 -1
45° 46 4.7 4.8
60° -13.4 -14.0 -14.5
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ENEL's 3-MW PV POWER STATION PRELIMINARY DESIGN
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ABSTRACT. In the context of the Italian National Energy Plan, ENEL, the Electricity
Authority, is developing a first utility scale PV generation plant, to be located in

the region of Naples,

This paper presents the main

technical

characteristics of the

plant at its

preliminary design phase, and the available information of the principal components.

1. INTRODUCTION

The design of a grid-connected photovoltaic
power plant is basically gquite simple. It involves
setting up a d.c. generator of a given size and
power, coupled to a d.c. - a.c. s*tatic converter.
However, the from the thecretical
design tco its implementation in practice involves

a series of technical problems that are not always

transition

easy to solve and are nhot catered for by
conventional plant engineering. The salient
feature and the weakest point in photovoltaic

conversion is, as it i{s known, the low degree of
conversion efficiency of present-day photoveltaic
modules. This aspect, which has only a slight
bearing on the designing of small photovoltaic
plants, becomes decisive when it comes to setting
up power plants of MW dimensions.

The considerable amount of land required for such
plants means the designer has some new and unusual
structural problems to deal
with. The possible solutions are many, but their
effect on the cost of the system is significant.
low conversion efficiency alsc affects

and * architectural

Moreover,
the electrical design
setting up large

handling, assembling, and wiring tens of thousands
which high labour

of the project, inasmuch as

power generators invoives

of modules, obviously means
cOsts.

By setting up this photoveltaic power plant, ENEL
aims above all to ascertain the present costs of
implementation and to improve design criteria, as
well as the costs of future projects, so as to
make them as competitive as possible compared to
conventional power plants.
Let us now take a closer

criteria applied.

loock at the design

2. DESIGN PARAMETERS

The designing of a grid-connected plant calls
for knowledge of the main meteorological data in
respect of the site under consideration (i. e.,
solar energy, temperature, wind speed). The system
has to be so designed that 1t will guarantee a

production of electric energy and

given annual

1277

peak power throught the year.

The design parameters to be defined are:
- The tilt angle

- The system's conversion efficiency.

Both the above quantities have to be laid down so
as to ensure that the maximum energy is produced
for a given amount of installed generating power.
Varicus more or less sophisticated methods can be
used to calculate the optimal tilt angle. In the
case of the plant in question, use has been made
of the wethodology . indicated in (i}.

The chosen value of 20° is based not only on
energy, but alsc eon practical considerations, as
follows:

- Module self-washability

- Reduction of the area taken up by the plant

- The possibility of supplying only slightly below
rated installed peak power in winter time.

As regards the electrical efficiency of the
system, (ratio between the DC and the AC rating)
the aim has been to obtain the best,
imposed both by the

compatibie
with a number of constraints,

current state of the art in respect of
photovoltaic modules and by Italian safety
regulations. The first step to reduce the ohmic

losses of the array, given the same power output,
it's to fix the rated voltage as high as possible.
In the case of photovoltaic plants,
practical limitations on the use of high voltages

there are

for the following reasons:

- The output voltage from the plant depends on the
number of modules arranged in it has
been estimated that when the number of modules
cennected in exceeds a hundred, the
reliability of the system begins to diminuish
{21.

- If the plant's voltage exceeds B0C V, steps have
to be taken, in accordance with Italian safety
regulations, to isolate the plant from the
public and also from maintenance staff.

series;

series

For all the reasons menticned, the operating
voltage of ENEL's plant has been fixed at 330 V
{i.e., about 400 V no-load), thus allowing



reliability and saietly margins.

Again in order to keep electrical losses af the
d.c. generator within bounds, it has been decided
that all wiring be designed_ not to exceed a
current density of about lA/mm , at peak power.

In addition to ochmic losses, photovoltaic
generators suffer internal losses due to the lack
of homogeneity in the electrical characteristics
of the numercus photevoltaic modules of which they
are mace Lp. More or less complicated criteria to
optimize the matching of modules in series and in
parallel can be adapted (3). The basic principle
is toc connect in series the modules that supply
very similar currents, and in parallel the modules
or strings of modules that have very similar
voltages. In this case, too,
considerations have meant that modules are

practical

classified and subdivided as little as possible,
in order to complicate on-site assembly as little
as pessible. In the case of the ENEL plant, the
modules will be subdivided into two current and
voltage classes balancing cost of installaticn and
array efficiency.

3. ELECTRICAL DIAGRAM OF THE FLANT

Particular attention has been paid to the
electrical layout. First of all, the 3-MW power
plant has been subdivided into 10 sub-field, each
with a gross power of 330 kW peak. Each sub-fields
is electrically independent of the next, since 1t
is conrected to the 20-kV network by -means of its
own converter. All the sub-arrays therefore
operate electrically in parallel on a buried 20-
kV lcop running throughout the area of the
photovaltaic plant.

Each sub-array is broken down into two
galvanically separate sections, and 1is connected
to the converter in accordance with the diagram
in Fig.l.b.

This 4-wire layout is functionally identical to
the -2-wire system with the center tapped to
ground, as described in Fig.la.

Gf the two alternatives, the choice fell on that
in Fig. 1b, which offers the advantage of
operating as a floating photoveltaic plant,
isciated from the ground. The main plus point here
consists in the fact that ground fault causes the
circulation of only very weak fault current.
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Fig. 1. 3MWp PV power plant - Possible electric lay-outs
of one sub-field (330 kWp)

4, PHOTOVOLTAIC MODULES AND SGURCE CIRCUITS

The ENEL photovoltaic plant will be eguipped

with polycristalline silicon modules. During 1990,
both Italian and non-Italian- manufacturers were
invited to submit tenders for the supply of the 10
sub—arrays into which the plant is subdivided.
The electrical diagram proposed by ENEL provides
for a 72 cell modul- with a power of about 904100
Wp and a voltage at maximum power of about 17 Vv
d.c. The diagram is given in Fig. 2b. The module
is twice the size of the 36-cell type available on
the market. Qbviously, the 72-cell module has the
following advantages over the smaller kind:

-~ Higher power density fw/mz), given the same cell
output.

- Saving in material

- Only half the amcunt of work reguired for
assembly and wiring of the modules.

Some of the manufactures approached stated they
were prepared to supply modules with the
characteristics indicated by ENEL, while others
were prepared to provide either 36-—cell or 72-cell
modules, but with twice the output voltage
require¢ (i.e., 35 V d.c.).

Consequently, assuming all the sub-arrays operate
at the same voltage of 330 V d.c., there will be
sub-arrays with source circuits consisting of 20
or 10 modules connected in series of the large
type, and sub-arrays with 20 module strings in
series of the small type.
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5. ENERGY CONVERSION

The energy generated by ecach sub-array will be

converted into a.c. and stepped up to medium

(20 kV} by means aof line-commutated
inverter and a step-up transformer. The

voltage
inverter
consists of two three-phase bridges
the two
trasfocrmer, as

connected to
windings of the step-up
in Fig. 3. The targetted
13 92% at full lrad.
15 equipped with MPPT control

secondary
show
efficiency of each converter

Each bridge logic,

also have an MPPT circuit, is an experimental

prototype.

&, INTERFACE OF THE SUB-ARRAY WITH THE
MEDIUM-VOLTAGE NETWORK
All the sub-arrays will ope supplying the

energy produced in the 20-kV network.
loop-line therefore
throughout the central area, linkirg in parallel

A  special, buried runs

This logic, developed by ENEL (4) makes possible the primary windings of the step—up transformers
maximum feed into the . network of the power of the static converters (see Fig. 4). At the
generated by the sub-arrays, In one of the interface with the network, suitable filters to
sub-arrays, it is planned to install a further compensate for the harmonics and banks of
forced-commuted inverter, to operate alternately capacitors for power factor control will be
with the line-commuted one. This unit, which will installed.
PY
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! TJV N S 20 kV
CONTROL FIRING  |-~o 220vea e
LOGIC RACK -0 SUPPLY \.._..
[ 1
CONTROL FIRING - 220 Vea
LOGIC RACK -0 SUPPLY
I 1
Fig. 3. 3MWp PV power plant - Lay-out ol the converters
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7. CONCLUSIONS

mhe ENEL 3-MW photovoltaic power plant will be
set up during the period 1991-93. Three sub-arrays
are expected to come on stream by the end of '92,
the thereafter. The plant will be
in the Province of Salernc (Italy). The

design criteria adopted for the plant are aimed at

and remainder

located
cost optimization., It is considered that, given
the experience gained in such a project, it should
be possible to modify or confirm the validity of
with a view to setting up other

multi-Mw power plants in the future.

such criteria
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PERFORMANCE OF DIFFERENT TYPES
OF BATTERY CHARGE REGULATORS IN STAND-ALONE PV SYSTEMS

A. Ilceto (*), A. Previ (*), S. Guastella (**), A. Pappalardo (**)
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ABSTRACT - Performance of photovoltaic systems with electrochemical storage is affected by the adopted battery charge
regulator and the problem of an optimum charge regulation in small PV plants is still an open question. To determine the
optimum regulation type a monitoring activity has been carried out by ENEL and Conphoebus. Photovoltaic systems, with
identical elecmical characteristics but using different types of charge regulators, have been compared for a long time, at
Conphoebus test facilities, in order to evaluate performance of each charge regulation strategy under identical
meteorological conditions, initial battery state-of-charge and electrical load. Furthermore different types of charge
regulators, presently available on the market, are adopted in PV plants run by ENEL in order to assess their efficiency and
reliability: performance data of different systems have been evaluated.

TO LOap

a) FROM PV i

¥

1. INTRODUCTION

Batiery charge regulators are included in most photovoltaic
systems to protect the batteries from overcharge and excessive
discharge, extend battery life and maintain battery voltage within c
a range acceptable for the load operation. Moreover regulators are o) FROM PV W
used to rransfer energy from the PV amray to the battery and
towards the load with the maximum efficiency. A good regulator
must carry out the aforementioned tasks offering also :

- reliability;
- simplicity of manufacture;
- low cost.

The most utilized kinds of chadrge regulation in PV systems ¢} TROM PV T
with electrochemical storage are: c
- direct connection regulation, between PV generator and

storage (see Fig. 1a) using the self-regulating capacity of

properly designed PV modules when they are connected to the

elecrochemical storage: increasing the battery voltage increa-

ses PV array voltage and, therefore, decreases PV array <

current; this regulation is convenient when the PV system is b4

placed in locations where the ambient temperature does not d) FROM PV 4 <

vary dramatically (so the PV maximum-power voltage remains "i‘

fairly constant) and when the electric load doesn't require a fair I

constant input voltage; - "(_
- ON-OFF regulation, which consists of a complete connection

or disconnection of PV generator from storage when the

battery voltage gets the preset levels; the PV generator can be CHOPPER

Jeft in open circuit condition {ON-OFF series regulation, see o=~ A

Fig. 1b) or shunted to a power dissipation device (ON-OFF 9 { ! TO LOAD

TO LOAD

4

H—

10 LOAD

¥

—

hi 1 TO LOAD

. . FROM PY
shunt regulation, see Fig. 1c); { 1

- multi-step reguladon, which prevents battery overcharging by I [
a partial connection or disconnection of PV generator from R e J I
storage when the battery voltage reaches the preset limits; the
regulation can be realized by means of a partial connection or MPPT
complete disconnection of whole strings (see Fig. 1d) or part ;
of a string; _ ) IO LOAD
- chopper regutation, which maintains a fairly constant output fy FROM PY
voltage, by means of electronic devices that modulate the
charge current according 1o the battery voltage level (see Fig. I
le);
- MPPT regulation, in which a Maximum Power Point Tracker
forces the PV array to always work at its maximum power
point even if the irradiance and temperature change (sce Fig.

1f).

Regulators, which present simpler manufacture (like direct
connection and series types), are less expensive and more relia-

<

Fig. 1 Bauery charge regulation for stand-alone P_V systgﬂf
with electrochemical storage: ) direct connection; b}

ble. On the other hand, more complex regulators, like chopper OFF series regulation; c) ON-OFF shunt ]‘CE_‘J]“”&I;;FT
and MPPT types, present higher charging efficiency, extend bat- multi-step regulation; ) chopper regulaton:
tery life, but make the overall system more expensive and less reguladon

reliable, because of the added circuitry.
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The compared regulation types were seiected because they
seem to offer more advantages than the others when used in
stand-alone PV systems. In particular system 3, which adopts the

In order 1o determine the optimum regulation type the perfor-
mances of stand-alone PV systems, having identical electrical
characteristcs but different types of charge regulation, have been : . : rator and
evaluated under idenncal mcaggreoiogical Conditions, nicial battery regulation by e f direce Cough[l‘isbf St;ﬁ,-no?f/o%c;& systems
state-of-charge and electrical load. The work has been conducted batiery, for its simplicity s:}:’emsdtifgcumes in systermn rnaintenance
2t Canphoebus test facilities on behalf of ENEL-DSR-CREL, ~ nsilled in remote areas. where Y
which has adopted different types of charge regulators for the could limit system operation.
installations in Alpine Huts /1/ and in Swromboli Island in the
frame of the Scattered Dwelling Project /2/. The research has then
been aimed at assessing the efficiency and reliability of various
tvpes of regulators presently available on the market.

PR Y

2. COMPARISON BETWEEN 3 DIFFERENT CHARGE *1
REGULATCORS UNDER IDENTICAL TEST CONDITIONS

12“EEEEEEEEEEEEEEEEEEEEE=.<:
In order 10 analyze the performance of different charge I

regulators, during actual operations, ihree photovoliaic systerms +
with identical electnical characteristics (24 Vdc rated voitage, 4 2ot
module pv generator, appropriate load and battery) have been set +
up in Conphoebus test facilites. 2 T -2
i 2= 38 °C
L - 52 °C

2.1 Description of the systems to be compared L+ =

The three photoveltaic systems adopt different types of 4
charge regulators (see Tab. 1); L2+

Batiery voliage 7ange

- ON-OFF series charge regulation is adopted in system 1; it
controls the battery by means of a complete connection or -8
disconnection of PV generator from storage when the battery
voltage reaches the preset levels; 4T
two-step series charge regulation is adopted in system 2; it ) R S SPURLE | PN MO
controls the battery connecting or disconnecting half PV gene- ] 32 <
rator from storage when the battery voliage reaches the preset
levels; the second half is disconnected if the voltage reaches .
again the threshold; .

- diregt connection regulation is adopted in system 3; to obtain |
an optimal self-regulation PV modules must be chosen taking
into account battery nominal voltage and average ambient
temperature of installation site; Fig. 2 shows different self- 2ot
regulation characteristics adopting PV modules with 36, 30 +
and 27 cells in series. A module configuration with 30 cells in a4
series was chosen, because several test runs, conducted during + M2\
some seasons, have actually indicated that this kind of module, 2+
connected with a 12 V batiery, presents an optimal self- T
regulation capacity in the Mediterranean climate. One year L&
operation of a PV system, using this regulation type, resulted +
in the PV generator presenting a conversion efficiency variable L2
between 8.1% (during July ) and 11.9% (during December T
and January) (see Fig. 3). The system has always charged the -8 T
battery regularly and deficit occurred only in January (125 T
hours) and in December {59 hours); the maximum values of T v
the battery got 31.8 V (in February), while its daily average ) , , . . — }
value varied between 24.7 V and 76.2 V; in any case, during T s 18 2 82 “
the same period, no evident electrolyte gassing was observed.

Bauery voltage range

o~ Bauery voluge range

6

Tab. 1 - Main characteristics of rested systems 1

SYSTEM 1 2 3

PV GENERATOR 1
Cells in series 36 36 30
Modules in sertes 2 2 2

Total modules 4. 4 4 T
Total Voc [V] 40.0 40.0 35.5 a4
| Total power [Wpl 190 190 160

v v

BATTERY
Elements in series 12 12 12
Nominal Voltage { V] 24 24 24
Capacity C10 [Ah] 150 150 i50

+
49

CHARGE ON-OFF | Two-step Direct

; i ith different num-
> : ; i i ia 1f- lation capacity of modules with
REGULATION senes series coupling Fig. 2 Sbcer orfcfclllls in scrieE;: a) 27 cells; b) 30 cells; ¢) 36 cells
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B e O T B i 0
operation, a data acq{:isition equipment was used to monitor the
main electrical and metcorological parameters. Mcasurements
were taken every 20 seconds and their average recorded every 15
minutes. Finally the data were processed to prepare the output.

n among differen ulators durin

Fig. 4 shows the different profiles of charge current in
system 2 and system 3, on a sunny day: generator-battery direct
coupling allows the battery to be charged more regularly, thus
avoiding high voltage fluctuations and frequent inversions of
battery current, which reduces efficiency in transferring energy
petween PV generator, battery and load. System 3 has presented
fewer battery current inversions (BCI) and has produced 36%
more energy per unit of installed power than the system 2. On the
same day, the maximum voltage level reached in the system 3 (31
VY is higher than that got by the system 1 and 2 (29 V), but this
high value does not damage for the battery, because when the
maximum value is reached the PV generator works near open
circuit condition and the charge current is very low (no apprecia-
ble gas development was observed). Moreover such a voltage is
affordable by the usual 24 Vdc appliances.

2.3 Onc month comparison among different charge regulators in
-1 jtion

For one month, in two different periods, the systems were
operated without load, in order to test system limits in the high
charge current / low load dernand condition.

Before starting the tests, the battery of each system was
_discharged until electrolyte density reached the value 1.18 glem?
(Vb = 23V). During the tests the main electrical and meteorologi-
cal parameters were monitored.

Fig. 5, Fig. 6 and Tab. 2 account for the fact that the direct
coupling allows higher charging efficiency than the other regula-
tion strategies: more energy was generated and a higher state of
charge was reached (see electrolyte density profile), still maintai-
ning the banery maximurmn voltage within acceptable value.

[kWhsgmid] [°C

7.00 S0
46
8.00 Solar energy
5.00 42
4,00 38
34
3,00
30
2,00 Avarage call temperalure 28
1,00 22
0.00 18
Mar May Jul Sep Nov Jan
1989-90
kW
070 o) M .0
0,60 hotovoltaic ganeralor energy 38
0,50 36
+ 34

0.40

r 32
0.30 Max battery voltage | a0
0.20 Do
210 /————Mw_/ 26

0.00 24
Mar May Jul Sep Nov Jan
1983-90

Fig. 3 One year operation of a PV system adopting direct
connecton regulation
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normal operation

The systems under test have been compared during normal
operation in different seasons.

During eperation in summer period the system 3 produced,
per unit of installed power, 18% more energy than the systems |
and 2 which produced the same encrgy (see Fig. 7). The battery
current inversion per day (BCI) were equals 55 for the first
systern, 21 for the second one, 6 for the third one.

100 LH¥e5T] ¥ L&, 100
10Q0 + 90
906 +
800 + :0
700 ¢ lsradianca .
800 4 60
500 | S0
400 | el 40
300 | ol tomparature 30
200 ¢+ 20
100 4 Daytime 10
o + + 0
6 8 10 12 14 16 18
200 Wi} Two step series vl a2
180 1 Banary voltage T 30
+ 28
160 + + 26
140 + T2
+ 22
120 4 4 20
418
100 +
80 +
60 +
40 +
20 +
0 +
6 8
200 W] Direct connection vl 22
180 4 Battary vohage - 3¢
+ 28
1680 + T2
L + 24
140 4 1 s
120 + T
4 18
100 + 4 16
- 14
80 + 2
Genarator powet +1
80 + + 10
+ 8
40 + 4+ 6
20 L Load power + 4
+2
0 1 4 t + —f—-——'—“[ ¢
6 8 10 12 14 16 18

Daytime

Fig. 4 - Comparison among different charge regulators during 8
sunny day (23/03/90).
On plane sol. radiat.. = 6940 Wh/sqm:
Average cell temp. =29 °C;
2 step regulator: Pg = 617 Wh, Pc = 549 Wh, BCl =40
Direct connection: Pg = 709 Wh, Pc = 574 Wh, BC1 =4
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During operation in winter period the system 3 produced, per
unit of installed power, 10% more energy than the systems 1 and
2 which produced almost the same energy (see Fig. 8). The
patiery current inversion per day (BCI) were equals 14 for the
first system, 8 for the second and the third ones.

3. PERFORMANCE OF DIFFERENT CHARGE
REGULATORS ADOPTED IN ENEL'S PV PLANTS

Different types of battery charge reguiators have been adopted
by ENEL for stand - alene PV plants, namely in 7 mountain huts
and in 30 houses in the island of Sromboli, near Sicily.

The plants for the huts equipped with ON-OFF regulators
have shown that the battery is not allowed to reach the initial
§.0.C., thus reducing in practice the available battery capacity

1/.
/f At Strombeli, ten of the plants are equipped with electrome-
chanical two-step series charge regulators, eleven plants adopt a
four-step regulation by means of 2 programmable logical control-
ler (PLC) and nine plants use chopper regulation. During two

[Wh/sqm} Solar. radiation
8000
5000
4000
2000
¢

11/04/90 19/04/90 27/04/90 05/05/80 13/05/90
6,00 Whwp] Photavoitaic generatar energy
5,00
4,00
10 Direct connection
2,0¢
1,00

Twa step sefias

0,00

11/04/9Q 19/04/90 27/04/90 05408150 1/05/90

Average bamtery voltage
32,0 V)
30,0 [_/\,—\/——/\/V\/
Direct connection
28,0
25,0
Twa sleps sernss

24,0

11/04/90 13/04/50 27/04/30 05/05/90 13/05/90

la/em3) Elsctrolyte dansity
127
125
Direct connactien

123
121

Twa sleps sores
119

115
10:04/90

——

18/04/80 24/04/90 02/05/90 09/05/30 16/05/90

Fig. 5 One month comparison among different charge regula-
tors in no-load cornditions (Apnl - May 1950)
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year operation, ali the adopted regulators have presented a good
reliability. The conversion eificiency of the systems which adopt
PLC and chopper was quite similar and about 10% higher of the
systems adopting two-step regulator (see Fig. 9). Anyway, the
systemn efficiency is strongly affected by the user, depending
upon the balance of produced and consumed energy.

4. CONCLUSIONS

According to the performance of several small stand-alone PV
systemns operated by ENEL, the use of simple battery charge
regulators is recommended, since chopper regulators does not
show drastic advantages as compared with step regulators.
Furthermore the test activity carried out by Conphoebus shows
that the charge regulation obtained by means of direct coupling
between properly designed PV generator and battery offers
reliability and efficiency. This regulation could therefore be
considered the best solution for small PV systems especially if
they are installed in remote areas, where difficulties in system
maintenance could lirit plant operation.

Wh/sqgm} Solar enesgy
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Direct connaction
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=

14/06/60 22/06/90 3/06/90 08/07/90

fv)

Average batlery voitage

a2
31
30
28
28
27
26
25

24
14/08/30

Direct connectian
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Fig. 6 One month comparison among different charge regula-
tors in no-load conditions (June - July 1990)
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PROGRESS REPORT ON THE 33 MWp PHOTOVOLTAIC PLANT
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ABSTRACT: Plans for a 33 MWp PV plant at Serre were finalized by ENEL in 1991. The plant is
presently under construction and will be completed by mid 1994. It consists of ten indipendent sub-
arrays of 330 kWp each, equipped with semi-crystalline modules, connected in parailel to the MV grid
by means of line-communitated MPPT inverters. The main features of the plant, procurement criteria,

current situation and cost analysis are presented in the paper.

1. INTRODUCTION

ENEL’s decision to build the photovoitaic power
station at Serre was taken in 1990 mainly with the aim
of checking the technical-economic feasibility of
photovoltaic power plants designed for use by electric
utilities.

The project also had the aim of providing a
boost to the national photovoltaic industry, as well as
enabling technical know-how to be acquired in an
energy sector in a phase of expansion.

The general project for the plant was completed
during 1991, when also the technical specifications
required for the acquisition of the components were
defined, and orders for the equipment and assemblies
were placed.

2 GENERAL DESCRIPTION OF THE PLANT

The main feature of the power stations’s
architecture (see Fig.1) is the subdivision of the plantin
ten electrically independent subfields of 330 kWp each,
linked to a MV ring terminating at a central cabinet [1].

Each photovoltaic subfield is fitted with an
autonomous MPPT inverter with step-up transformer,
housed in a small cabinet barycentric to the subfield
concerned.

A central building houses the equipment for
interfacing with the electrical network, the supervision
and data acquisition system and the auxiliary services.

21 Modules

The photovoltaic modules are made of semi-
crystalline silicon, with 36 or 72 4" or 5" cells per
module,

The total number of modules is about 60,000,
corresponding to over 2,600,000 cells.

22  Photovoltaic Subfields

The ten 330 kWp subfields are mounted on fixed
metal supporting structures, with an angle of inclination
of 20 degrees [2] (see Fig. 2).

The structures are in the form of lattice
frameworks, they require, for the overall plant, over 700
tons of steel (210 kg/kWp), and are anchored in
foundations requiring about 2600 cubic metres (0.79 m?
JkW) of reinforced concrete (35 kg Fe/m3) per
subfield.




Steel : about 700 tons

Concrete : about 2600 m?

Figure 2: Sketch of the supporting structures

N° 10 PHOTOVOLTAIC SU8B FIELDS

WIRING CABLES
45000 m

PARALLEL STRINGS
BOARDS
N® 356

DIRECT CURRENT

CABLE DUCTS

5000 m

BOARDS
N® 10

Figure 3: DC electrical system

23 DC Electrical System

The DC electrical system (see Fig. 3) is made up
of connections between the modules, in series of 10 or
20, with a string voltage of about 330 Vn (440 Voc).
Groups of 80 or 160 modules terminate at peripheral
small cabinets for parallel connections (about 35 per
subfield).

From these cabinets, a number of cables laid in
cable-ducts reach an electric board housed in a small
cabin, positioned barycentrically in each subfield. This
board supplies the adjacent subfield inverter.

The DC electrical system is insulated from
ground.

The total length of the DC cables is about 5000

m per subfield (500 of which laid in buried cable ducts)-
24  Inverters

The ten inverters are of the line communtated
type, with a nominzl power of 550 kVA.

Each inverter comprises two galvanically
insulated power units (see Fig. 4) fitted with tyristors
connected to the LV side of the step-up transformer.

The inverters are fitted with a control system
that enables them to function in MPPT or at impressed
voltage, and allows the sweeping of the IV
characteristics.

The efficiency is 95% at Pn and above 90% at
25% Pa.
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Each inverter consists of two galvanically
insulated tyristor bridges, connected to a
transformer

Figure 4:

25  AC Electrical System

Each subfield inverter is connected to a double
secondary transformer D-Y, with a primary D, 550 kVA
rated. This is connected, via a MYV switch, to a buried
20 kV cable ring of about 2500 m, which terminates at
the MV cabin for interfacing with the electrical
distribution network.

This cabin also contains the system far filtering
the harmonics and compensating the reactive power,
and the auxiliary AC and DC services (se¢ Fig. 5).

26  Centralized Supervision and Data Acqui-
sition System

For experimental and demonstration purposes,
the power station is equipped with a centralized
supervising, monitoring and data acquisition system,
which makes it possible to observe, online, the
functioning of the plant, execution of electrical
manoeuvres, and the acquisition and processing of both
electrical and meteorological data (see Fig. 6).

o

' | ir.x
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AUXILIARY
SERVICES
TV

e
{
®

Sud FIELD 19

— 0m
SUB FIELD &

AC electrical system (n® 10 step-up
transformers connected to a 20 kV cable;
central filtering and power factor
compensation; grid interface)

Figure 5:

27 Civil Construction Work

Preparation of the site involves the removal of
10,000 m® of earth in order to create three flat areas,
which cover a total of 70,000 m? . The cover coefficient
is about 0.45. The perimeter fencing extends for about
1,500 m. The asphalted roads inside the area, which are
4 m wide, extend for about 1,200 m. Suitable drainage
work will be provided. The ground network will require
5,000 kg of copper.

The buildings provided comprise a prefabricated
cabin for each subfield, which houses the DC electrical
subfield and the inverter, and a central building that
houses the interfacing with the network and the
auxiliary services and, for demonstration purposes, the
supervision and a meeting room.

The buildings occupy a total of about 1,000 m?
for the electrical systems, 400 for working areas, and
about 900 for research and demonstration activities.
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3. PROCUREMENT CRITERIA
Supplies for the 33 MW power station are
subdivided in three items: modules, inverters and BOS.

It has been decided that the modules, following
an international technical-economic survey, be supplied
by five Italian and foreign manufacturers of multi-
crystalfine silicon modules.

A sample shipment of these modules, which are
manufactured according to ENEL specifications, has
been made for type testing (CEC-JRC 503 certification
and additional insulation tests).

The acceptance tests are effected at the factories
of the suppliers: they are carried out on samples,
selected according to standard sampling tecniques, and
are based on a predefined classification of defects that
involves the acceptance, reworking or rejection of the
lot being examined.

The final testing is performed during the
preassembly of the modules in panels, with 100% in situ
checks of the electrical characteristics, prior to
mounting on the supporting structures.

The inverters are manufactured in accordance
with a detailed ENEL design and are supplied
following a tender. A prototype is subjected to type
testing, and the ten units supplied are checked at
acceptance trials.

The balance of system, which comprises the
executive project, all the components supplies, all the
site work and the start-up phase, has been awarded
following a tender based on a general ENEL plan.

Type and acceptance testing are provided for all
qualifying components, along with periodic checks of
the site works, up to the final testing and plant start-up
phases.

4. CURRENT SITUATION AND SCHEDULE

During September 1992 type testing was in prog-

ress on a number of photovoltaic modules, while other
lots of modules were undergoing acceptance trials.

5.46%

6.14%

10.01%

59.14%

It is expected that half the total number of
modules will be supplied by mid 1993.

As regards the power conditioning, type tests are
in progress on the prototype inverter, and the ten units
ordered for the plant will be available by mid 1993.

As regards the BOS, to date, the plant executive
project has been completed and approved, and the on-
site work was begun in September 1992; the plant will
come on stram gradually: 1300 kWp will be connected
to the grid by August 1993, 1000 kWp by December and
the remaining 1000 kWp by mid 1994,

5. COST ANALYSIS

The total cost of the plant is estimated at a value
of about 7000 ECU/kWp, of which about 5% covers
equipment and systems concemning research or
demonstration.

The breakdown of the total capital cost into the
various components is shown in Fig.7: the modules
contribute for about 60% of the total.
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ABSTRACT: In 1982 ENEL launched a technological development program for the nationwide
application of photovoltaic systems, with the aim of supplying small loads to consumers and tradesmen
in isolated areas not yet covered by the national electricity service.

This Report describes the main project data of the systems built by ENEL (about 250 instailations)

and the performance figures, where available.

1. INTRODUCTION

In 1982 ENEL launched a technological
development program for the nationwide application of
photoveltaic systems, with the aim of supplying small
loads to consumers and tradesmen in isolated areas not
yet covered by the national electricity service.

The program was structured to enable
investigation of feasibility, cost, production, reliability
and the level of satisfaction of users’ needs. These
parameters applied both to very small photovoltaic
plants (able to supply not more than 1000 kWh/year),
and larger plants able to produce up to 6000 kWh/year.
This subdivision was made because of the necessity Lo
provide two types of plant:

1) Plants for users requiring only modest loads, making
it possible to supply electricity at 24 or 48 V dc.
2)Plants for more demanding users, requiring mono- or
tri-phase AC supplies at 220-380 Vac

From 1982 to 1992, both types of system were
developed to meet a number of practical applications,
some of which are now in the process of being installed.

2 INSTALLATIONS

In the period 1984-1992, the following
installations were completed:

- Seven plants for supplying Alpine refuges [1]

- Eight plants for supplying WWF field bases [2]

- One for the Ministry of Agriculture.

- Thirty plants for supplying homes situated in the
Ginostra area of the Island of Stromboli (Sicily) [3]

- Sixteen plants for supplying homes situated in the
Bazzina area of the Island of Alicudi (Sicily).

In the period 1992-1993, the following plants will
be completed:

- One hundred and forty plants for supplying small
tradesmen in the Southern Italian regions of
Abruzzo, Molise, Puglia, Campania, Basilicata,
Calabria and Sardinia (Valoren Project).

- Seven plants for supplying business users in the
Ginostra area on Stromboli, Sicily.

- Eighteen plants for supplying Alpine huts.

The above plants have a peak power between

03 kW and 6 kW, with nominal operating voltages of

24 dc or 220 ac.

3. DESIGN CRITERIA

The plant are designed on the basis of a constant
guarantee to users of a high degree of reliability in
power supplies. From the quantity point of view, this is
expressed as a total maximum number of hours per
year for which power supplies cannot be guaranteed.

ENEL plants are normally designed to allow
between zero and 100 hours per year in which supplies
are not available; the exact figure in this range is
dictated by users’ individual requirements [4].

Non-availability depends also from random
interruptions in supply due to breakdowns occurring in
the plant, and failures caused by users.

To keep the levels of non-availability within the
project’s designed range requires extremely high plant
reliability. To guarantee this, it is necessary that:

- The basic electrical design of the plant is simple and
correct.

- The protections with which the plant is fitted are
calibrated in accordance with the plant’s general
criteria.

- Both the reliability and life of the components are the
highest possible.

As well as the technical criteria involved, the
design of the plant is also influenced by the total
implementation cost. The final design criteria thus
derive from an acceptable compromise between cost
and reliability.

To gain experience the ENEL demonstration
program in this sector therefore varies from case to
case, with the result that plant designs differ as regards
the installed power, the technical solutions adopted in
the basic layout, and the ways in which battery charge is
controlled.

The following sections cover the main
components of the stand-alone plants, and briefly
describes ENEL’s experiences.

4. SUBSYSTEMS: ACQUIRED EXPERIENCE

4.1  Photovoltaic Modules

Ten years’ experience in the use of crystal
modules (single and multi) has produced very positive
results, in the sense that these components can without
doubt be regarded as the most reliable of all those used



in the plant. They need practically no maintenance. The
photovoltaic fields used have a power of between 350
Wp and 6000 Wp-depending on user requirements.

42  Batteries

The stationary Pb accumulators are of the type
normally used in ENEL plants. The cells used have a
capacity of between 300 Ah and 1500 Ah, depending on
the power of the plant. The reliability of this
component has been satisfactory in all the applications
described in this Report.

Controlling the state of the accumulator is still a
problem as regards both estimation of the state of
charge and estimation of the life remaining after
installation.

The above information can be obtained
(approximately) by monitoring systems which, although
certainly available on the market, are too sophisticated
to be applied to the small systems described here.

One practical problem, but relevant also from
the economic point of view, concerns the "housing" of
the accumulators in the open air. The containers
designed by ENEL are certainly adequate in resolving
the technical problems connected with the instailation
of the accumulators (safety, maintenance, etc.). The
cost is still very high and can only be reduced by
standardization. Maintenance of the plants has not
been particularly demanding, although it has always
been necessary to assign ENEL technicians for the
periodic site checks.

43  Charging Regulators of the Batteries

In the plants developed by ENEL, a number of
devices have been tested for battery charging (see
Fig.1}, including directly connecting the photovoltaic
field with the battery. All the methods used proved
successful, but obviously the self-regulating system was
preferred, which offers reliability at low cost [5].

What choice to make from among the various
types of regulators, apart from the cost, depends on the
particular conditions in which the accumulator has to
work {(continuous or discontinuous charge, the
temperature of the environment, accumulator type,
wiether the capacity is high or low relative to the
power of the photovoltaic field).

A good compromise between the various types
of regulators is shown in Fig. 1 bis, for the following
reasons:

- high reliability

- high charging capacity
- low self-consumption
- low cost.

44  Power conversion

As described below, ENEL has carried out
experiments in supplying power to users by means of
both Direct Current and Alternating Current.

In some cases it has been shown convenient to
install small converters dedicated only to feeding a part
of the equipment used, leaving the remaining in Direct
Current.

In the more powerful plants ENEL has made a
total conversion of the power, by means of autonomous
converters designed ad hoc for photoveltaic systems.

The converters have a high performance level
also at fow charge, an extremely low sell-consumption
(a load sensor enables the machine to be kept on
standby when the load applied is practically null), and a
high level of overloading.

This equipment has been installed recently, and
no data are available yet regarding reliability over time.
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The scheduled maintenance of this equipment must
always be carried out by specialist technicians, either
from ENEL or the manufacturer.

45  Monitoring

All the systems instalied by ENEL are fitted
with power meters (for Alternating and Direct
Current), for the calculation of the power consumed by
users.

ENEL has also designed and developed 2
special data acquisition system, which provides more
detailed information on the behaviour of the plant and
the reliability of the supply. This system, which is
known as GMF, provides a complete energy balance
report on the plant, i.e.: [6]

- The solar energy acting on the photovoltaic field
- Tlf}elﬁlcctrical power produced by the photovoltaic
ie
- The power consumed by the user
- The number and duration of the periods when the
user is not supplied

The design of the GMF system required
considerable care, particularly as regards reliability and
the reduction of self-consumption. These measuring
systems, installed for long periods in certain ENEL
nstailations, have made it possible to characterise their
behaviour completely, as described below.

In some cases, commercial data loggers have
been used, integrated in the GMF systems in order to
make the energy balance calculations through the
continuous recording of the voltages and currents in the
various sections of the plant.

5. SOME OPERATING RESULTS

The most interesting aspect, clearly confirmed
by the operating results of ENEL plants, is that the

stand-alone plants must almost always be designed to
supply more than the actua} needs of the load,
particularly when the larter is for consumers. The
intake of power by this type of user, as is well-known, is
rarely the same on any given day, and is linked to the
particular lifestyle of the people involved, to periods of
absence and to the number of occupants of the
premises being suppiied, and so on.

The random nature of the load inevitably means
that the photovoltaic plant is often larger than strictly
necessary, as it must be designed to supply power to the
user "in the worst case" both as regards the
consumption by users and the meteorological
conditions.

The above situation is well-documented by the
records of the energy balances of the thirty plants
installed in the Ginostra area of Stromboli. All the
plants are identical (they have an installed power of
350 Wp), supply power to the user at 24 V dc, and
benefit from the same leveis of insolation, as they are
all located in a relatively small area (about 2 sq km).

The bar chart (see Fig. 2) shows users’
consumption (average daily value of the power
consumed and produced over two years). It is evident
that only a few users fuily exploit the potential of the
plant, while the majority consumes only a small part of
the electrical power available.
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Figure 2: Energy balance in the first 2 years operation period of the 30 Ginostra PV plants



6. CONCLUSIONS

The production of decentralized electrical power
at the rural premises of consumers or tradesmen is
{easible even with stand-alone photovoltaic plants.

ENEL’s ten years’ experience in the field

confirms this.
Choice of the way the power is supplied (traditional
means or photovoltaic) depends on environmental
and/or economic considerations. It is clear that the
photovoltaic plant replaces, in this application, the
traditional means of supplying electrical energy current
{overhead lines or underground cables), or the Diesel
generator. The ‘“avoided" cost of the photovoltaic
installation may therefore be that of the line or cable or
the least quantifiable facet of reduced environmental
impact, visually or acoustically.

The current cost of the plants described here is
about 20 - 30 ML/kWp, and this will probably be
slightly reduced by ENEL in the immediate future as
the components used are further standardized.

ENEL will subject the operational costs of these
plants to further analysis, particularly as regards the
plants equipped with the static converter developed as
part of the VALOREN project.

In the near future, ENEL will therefore also be
able to count on photovollaic systems to resolve
particular problems in supplying power to users facing
high connection costs, and to users located in areas that
are subject to environmental controls, where the use of
overhead cables is to be avoided
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