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Abstract

Official statistics estimate that almost two billion people have no direct access to electrical
networks, 500,000 of them living in European Union and more than one tenth of them in
Greece. An autonomous photovoltaic system is one of the most interesting and environmen-
tal friendly technological solutions for the electrification of remote consumers or entire rural
areas. The primary objective of this current study is to determine the optimum dimensions
of an appropriate stand-alone photovoltaic system, able to guarantee the coverage of remote
consumers energy demand located in typical Greek territories using long-term measure-
ments, under the restriction of minimum initial cost. Accordingly, the impact of acceptable
reliability level on the stand-alone photovoltaic system energy behaviour and initial cost is
also examined. Finally, special emphasis is laid on the detailed energy balance analysis of
selected stand-alone photovoltaic system configurations, on an hourly basis at least. Accord-
ing to the results obtained, a properly sized stand-alone photovoltaic system is a motivating
prospect for the energy demand problems of numerous existing isolated consumers all
around Greece.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Energy and especially electricity is considered to be a substantial element of con-
temporary societies, like fresh water and clean air. However, official statistics esti-
mate [1] that almost two billion people have no direct access to electrical networks,
500,000 of them living in European Union and more than one tenth of them in
Greece [2]. Afar from decision centres and having limited political influence, iso-
lated consumers are usually abandoned, facing a dramatically insufficient
infrastructure situation [3,4]. Their importance, however, is not based on simply
techno-economic criteria but mainly on social or even national survival reasons.
An autonomous photovoltaic system (PVS) is one of the most interesting and

environmental friendly technological solutions for the electrification of remote con-
sumers [5–7] or entire rural areas [8]. For this purpose, a properly sized small pho-
tovoltaic generator is necessary to exploit the available solar potential producing
useful electrical energy. Thus, as a contribution to life quality amelioration of sev-
eral isolated habitants, an integrated solution based on an energy autonomous
stand-alone photovoltaic system has been elaborated by the authors [9,10] during
the last 5 years.
Therefore, the initial objective of this current study is to determine the optimum

dimensions of an appropriate stand-alone photovoltaic system, able to guarantee
the coverage of remote consumers energy demand located in typical Greek terri-
tories using long-term measurements. For this purpose, extended measurements are
taken into account, including low and high solar radiation years, in order to
realistically determine the appropriate size of a stand-alone photovoltaic system.
At this point, it is important to mention that the zero-load rejection constraint

is a very strict one, leading to storage devices over sizing. Hence, it is
actually replaced by a 99% or 95% system reliability condition (i.e. the system is
annually out of power for 88–440 h). In this context, the impact of acceptable
reliability level on the energy balance and the stand-alone photovoltaic system
initial cost is also examined.
Finally, special emphasis is laid on the detailed energy balance analysis of the

selected configurations, since the proposed methodology has the ability to investi-
gate the energy behaviour of any stand-alone photovoltaic system on an hourly
basis at least. On top of that, interesting energy production results are also
included, concerning annual and monthly-wide distributions.
2. Proposed solution for the energy fulfilment problem of remote consumers

In an attempt to simulate the energy balance profile of a remote consumer, a
joint effort is made to settle the electricity demand difficulty of a typical isolated
consumer (e.g. a four to six member family), using a properly sized stand-alone
photovoltaic system. After an extensive local market survey a representative weekly
electricity consumption profile [11–13] is adopted, being also depended on the year
period analysed (i.e. winter, summer, other). The load profile used is basically a
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rural household profile (not an average load taken from typical users) selected
among several profiles provided by Hellenic Statistical Agency [5,9]. More precisely,
the numerical load values vary between 30 W (refrigerator load) and 3300 W.
Thus, the annual electricity consumption—on an hourly basis—is the first input

of the present analysis, while full particulars of the electricity consumption profile
is presented in the application results of Chapter 4. Additionally, the correspond-
ing solar radiation and ambient temperature are also necessary to integrate the
energy balance calculations. Finally, the operational characteristics of all the com-
ponents (e.g. photovoltaic panels power curve at standard day conditions, inverter
efficiency, battery bank characteristic, etc.) composing the stand-alone system
under investigation are also required.
More precisely, the proposed (Fig. 1) stand-alone photovoltaic system is based on:
(i)
 A
 photovoltaic system of ‘‘z’’ panels (‘‘No’’ maximum power of every panel)
properly connected (z1 in parallel and z2 in series) to feed the charge controller
to the voltage required
(ii)
 A
 lead acid battery storage system for ‘‘ho’’ hours of autonomy, or equiva-
lently with total capacity of ‘‘Qmax’’, operation voltage ‘‘Ub’’ and maximum
discharge capacity ‘‘Qmin’’ (or equivalently maximum depth of discharge
‘‘DODL’’)
Fig. 1. Proposed autonomous PVS configuration for remote consumers.
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(iii)
 A
 DC/AC charge controller of ‘‘Nc’’ rated power, charge rate ‘‘Rch’’ and
charging voltage ‘‘UCC’’
(iv)
 A
 DC/AC inverter of maximum power ‘‘Np’’ able to meet the consumption
peak load demand
where ‘‘Np’’ is the maximum load demand of the consumption, including a future
increase margin (e.g. 30%). The proposed safety margin is based on a long-term
analysis of local electrical parameters [14], indicating that the Greek electricity con-
sumption increase has approximated 4% per annum, while the maximum (peak)
load increase of the mainland electrical grid is much more abrupt (6%). Hence,
since the proposed system has an operational life of at least 20 years, it is assumed
reasonable to take into consideration a 5-year forecast of the expected electricity
consumption.
As mentioned above, the main scope of the present work is primarily to estimate

the appropriate dimensions of a stand-alone PVS for every remote consumer exam-
ined and subsequently to evaluate the complete system energy behaviour. The two
governing parameters used during the optimisation procedure are the number ‘‘z’’
and the rated power ‘‘No’’ of each photovoltaic panel used and the battery
maximum necessary capacity ‘‘Qmax’’. To confront similar problems, a computa-
tional algorithm ‘‘PHOTOV-III’’ is developed. This specific numerical code (see
Chapter 3 for more details) is used to carry out the necessary parametrical analysis
on a given time step (e.g. on an hourly) energy production–demand basis.
The initial (minimum) value of ‘‘z’’, i.e. ‘‘zinit’’ is predicted as:

zinit ¼ Etot=ð8760 � CF �NoÞ ð1Þ

where ‘‘Etot’’ is the system annual electricity consumption, increased by 20% to
take into account future changes [14] and ‘‘CF’’ is the photovoltaic station capacity
factor.
Accordingly, the initial value of ‘‘Qmax’’, i.e. ‘‘Qinit’’ is given as:

Qinit ¼
hmin � Etot

8760 � gs �DODL �Ub
ð2Þ

depending on the minimum desired hours ‘‘hmin’’ of the system energy autonomy.
Keep in mind that ‘‘gs’’ is the storage branch efficiency, used to feed the consump-
tion (including inverter efficiency and power line loss) and ‘‘DODL’’ is the
maximum permitted depth of batteries discharge. In the present case, the battery
operation voltage ‘‘Ub’’ is taken equal to 24 V.
Subsequently, for each ‘‘z’’ and ‘‘Qmax’’ pair the ‘‘PHOTOV-III’’ algorithm is

executed for all the time-period selected (e.g. 1 month, 6 months, 1 year or more)
and emphasis is laid on obtaining zero-load rejection or desired reliability level
operation. More precisely, for every time point investigated, the system energy
demand is compared to the photovoltaic generator energy production, including
inverter and power line loss. The photovoltaic generator output is defined by the
solar radiation at the selected tilt angle ‘‘b’’, the ambient temperature and
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the manufacturer power curve (I–U). Thus, during the long-lasting operation of the
proposed stand-alone system, the following situations may appear:
(a) T
he power demand ‘‘ND’’ is less than the power output ‘‘NPV’’ of the photo-
voltaic generator, ðNPV > NDÞ. In this case, the energy surplus ðDN ¼
NPV �NDÞ is stored via the battery charge controller. If the battery is full
ðQ ¼ QmaxÞ, the residual energy is forwarded to low priority loads.
(b) T
he power demand is greater than the photovoltaic generator power output
ðNPV < NDÞ, which is not zero, i.e. NPV 6¼ 0. In similar situations, the energy
deficit ðDN ¼ ND �NPVÞ is covered by the batteries via the battery charge con-
troller and the DC/AC inverter.
(c) T
here is no solar energy production (e.g. zero solar radiation, system not avail-
able), i.e. NPV ¼ 0. In this case, the entire energy demand is fulfilled by the bat-
tery charge controller—DC/AC inverter subsystem, under the condition that
Q > Qmin.
In cases (b) and (c)—when the battery maximum depth of discharge is excee-
ded—load rejection takes place, hence the battery size is increased and the calcu-
lation is re-evaluated up to the case that the no-load rejection (or a desired
reliability level ‘‘R’’) condition is fulfilled for the complete time period examined,
i.e. Q� ¼ minfQmaxg that verifies the following equation:

hmax 
 ð1� RÞ � 8760 ð3Þ
where ‘‘hmax’’ is the maximum annual number of hourly load rejection of the PVS.
Next, the number of photovoltaic panels is increased and the calculations are

repeated. Thus, after the integration of the analysis a (z–Q�) curve is predicted
under a specified reliability level restriction.
Finally, for every (z–Q�) pair ensuring the energy autonomy of the remote sys-

tem, a detailed energy production and demand balance is available along with the
corresponding time-depending battery depth of discharge, ‘‘DOD’’, with:

DODðtÞ ¼ QðtÞ
Qmax

� DODL 8t ð4Þ

For practical reasons, in an attempt to preserve the stand-alone system energy
autonomy, an emergency energy consumption management plan is also necessary,
in order to face unexpected energy production problems related to ‘‘Force
Majeure’’ events.
3. Best configuration choice

As already mentioned, during the last years a fast and reliable numerical algor-
ithm ‘‘PHOTOV-III ‘‘ has been created [5,9], able to investigate in details the
energy behaviour of stand-alone photovoltaic systems for a selected time period.
The main steps of this algorithm are:
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(i)
 F
or every region analysed, select a ‘‘z’’ and ‘‘Qmax’’ pair, see Eqs. (1) and (2).

(ii)
 F
or every time point of a given time period (with a specific time step) estimate

the energy produced ‘‘NPV’’ by the photovoltaic generator, taking into account
the existing solar radiation, the ambient temperature and the selected photo-
voltaic panel power curve.
(iii)
 C
ompare the energy production with the isolated consumer energy demand
‘‘ND’’. If any energy surplus occurs ðNPV > NDÞ, the energy is stored to the
battery bank and a new time point is examined (i.e. proceed to step (ii)).
Otherwise, proceed to step (iv).
(iv)
 T
he energy deficit ðND �NPVÞ is covered by the energy storage system, if the
battery is not near the lower limit ðQ > QminÞ. Accordingly proceed to step
(ii). In cases that the battery is practically empty ðQ 
 QminÞ, the load is rejec-
ted for an hour period. If the load rejection number ‘‘h’’ exceeds a pre-
described limit ‘‘hmax’’ (e.g. hmax ¼ 0, for the no-load rejection case) the
battery size is increased (by a given quantity) and the complete analysis is
repeated, starting from step (i).
Following the integration of the energy balance analysis, a (z–Q�) curve is pre-
dicted under a given reliability level ‘‘Rmin’’ restriction. More specifically,

Rmin ¼ 1� hmax
8760

ð5Þ

To get an unambiguous picture, keep in mind that for every pair of (z–Q�) the
stand-alone photovoltaic system is energy autonomous for the period investigated,
excluding a small period of ‘‘hmax’’ hours per annum. Finally, the optimum pair
may be selected from every (z–Q�) curve, on the basis of the minimum first instal-
lation cost criterion.
In this context, the initial cost ‘‘ICo’’ of a photovoltaic stand-alone system can

be approximated as:

ICo ¼ CPV þ Cbat þ Celec þ f � CPV ð6Þ
where ‘‘CPV’’ is the photovoltaic modules ex works cost, ‘‘Cbat’’ is the battery bank
buy-cost and ‘‘Celec’’ the cost of the major electronic devices. Finally, the BOS (bal-
ance of system) cost is expressed via the first installation cost coefficient ‘‘f’’
(excluding the cost of electronic equipment). Using previous analysis by the
authors [9,15], one may finally get:

ICo ¼ f � z � Pr �No � ð1þ f Þ þ cb �Qmax þ aþ b � z �No ð7Þ
where ‘‘f’’ is a function of ‘‘z’’ (i.e. f ¼ fðzÞ), expressing the scale economies for
increased number of photovoltaic panels utilized. In the present case (z � 100) f is
taken equal to one. Subsequently ‘‘Pr’’ is the specific buy-cost [16] of a photo-
voltaic panel (generally Pr ¼ PrðNoÞ) expressed in 4/kWp. Similarly, ‘‘cb’’ is slightly
dependent (4/A h) on battery capacity. Thus for the local market—after a market
survey [17] concerning lead-acid batteries of 24 V—the following semi-empirical
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relation may be used:

cb ¼
5:0377

Q0:0784
max

ð8Þ

Additionally, parameters ‘‘a’’ (in 4) and ‘‘b’’ (in 4/kW) describe the cost of the
major electronic devices, being generally a function of the peak load demand (e.g.
inverter) and the photovoltaic modules rated power (e.g. charge controller).
Recapitulating, the initial installation cost [18] of a stand-alone photovoltaic sys-

tem is a function of ‘‘z’’ and ‘‘Qmax’’ if ‘‘No’’ is defined, thus one may write:

ICo ¼ ICoðz;QmaxÞ ð9Þ
Hence, by using the initial cost function (Eq. (7)) it is possible to estimate for any
reliability level (z–Q�) curve the minimum initial cost solution, which guarantees a
specific acceptable number ‘‘hmax’’ of hourly load rejection per annum of the remote
consumer for the time-period examined.
On top of that, it is important to note that Greek State and European Union

strongly subsidy small photovoltaic systems, while the subsidization percentage ‘‘c’’
varies between 40% and 70%. More precisely one may write:

ICIN ¼ ð1� cÞ � ICo ð10Þ
4. Application results

The present analysis is focused on an island location—Zakinthos island—, with
remarkable solar potential medium-low wind speeds, where long-term solar radi-
ation and ambient temperature measurements are available by PPC [19]. Zakinthos
is a medium-sized island (39,000 habitants, area of 434 km2), located near (SW)
Peloponnese at the South Ionian Sea, latitude 37.3

v
and longitude 20.7

v
. The top-

ography of the island is typically Ionian, i.e. gentle slopes, low mountains and
remarkable vegetation. As already mentioned, the area possess high solar potential,
see Fig. 2, since the annual solar energy per square meter exceeds the 1600 kWh.
More specifically in Fig. 2 one may observe the monthly solar energy profiles for
the best, worst and medium quality year, on the basis of the experimental data. As
it is clear from the data collected, there is a remarkable difference between the
‘‘best’’ solar potential year and the ‘‘worst’’ one, which cannot be disregarded.
Using the ‘‘PHOTOV-III’’ numerical algorithm for various PV panel tilt angles,

one has the opportunity to estimate the corresponding stand-alone PVS configur-
ation for the selected 3 years (high, medium, low solar potential) and for the same
region, see Figs. 3–5. In these figures, the constant initial cost curves are also
drawn, including a 50% State subsidization. According to the results obtained, the
optimum (minimum initial cost) configuration is realized when the panel tilt angle
varies between 45

v
and 60

v
. For comparison purposes, Fig. 6 presents the energy

autonomous PVS configurations for all 3 years investigated and for b ¼ 45
v
and

60
v
. The results of Fig. 6 are in accordance with the solar potential data of Fig. 2,
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while a remarkable difference between the proposed solutions is encountered (pho-

tovoltaic system size and initial cost), for the 3 representative years examined,

although all cases concern the same area.
As it is obvious from the results, the minimum initial cost solution is realized for

the same ‘‘b’’ angle, while there is a considerable size and initial cost discrepancy
Fig. 2. Experimental solar potential values for Zakinthos Island.
Fig. 3. Optimum stand-alone PVS configuration for Zakinthos Island, high solar potential year.
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of the proposed photovoltaic system between the best and the worst solar poten
tial case, leading to more than 10,000 4 initial cost increase, excluding State
subsidization.
Fig. 4. Optimum stand-alone PVS configuration for Zakinthos Island, medium solar potential year.
Fig. 5. Optimum stand-alone PVS configuration for Zakinthos Island, low solar potential year.
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More specifically, an almost 15% photovoltaic panel number increase, see

Table 1, is necessary to guarantee the system energy autonomy for the worst solar

potential year in comparison with the best one. The solar potential quality, how-

ever, actually influences the battery bank capacity, which for the medium and the

worst solar potential years becomes almost double than that of the best year. On

the other hand, for the medium solar potential year the optimum PV panel number

turns out to be less than the best year one.
Finally, it is interesting to compare the minimum initial cost variation with the

panel tilt angle for the 3 representative years selected, Fig. 7. For all the 3 years

examined the minimum initial cost is achieved for ‘‘b’’ taking values between 52.5
v

and 60
v
. Besides, there is a remarkable initial cost variation with the time period

investigated even for the same region. This variation can be explained on the basis

of measured solar potential values, see Fig. 2, and it strongly questions the

reliability of pure theoretical models, used to simulate the energy production of a
Fig. 6. Comparison of optimum PVS configurations for representative solar potential years, Zakinthos

Island.
Table 1

Optimum configuration for a stand-alone photovoltaic system at Zakinthos Island
Solar potential quality
 (z) PV panel number
 Qmax (A h)
 ICo (4)
Best year
 105
 2500
 39,100
Medium year
 100
 4950
 43,650
Worst year
 120
 5000
 49,400
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photovoltaic system, in order to define the necessary configuration of a stand-alone
installation.
Recapitulating, one may state that—in an attempt to predict the minimum initial

cost configuration of a stand-alone photovoltaic system—the selected time period
strongly influences the system size. However, one may use the medium solar poten-
tial quality year data to define the optimum configuration, if the minimum accept-
able reliability restriction can be violated in a certain degree.
5. The influence of system reliability on the system sizing

The reliability of a stand-alone energy production system is usually expressed
either using the number of hourly load rejections during a given time period (e.g. 1
year period) or in term of loss of load probability ‘‘LLP’’. Therefore, the no-load
rejection case—or equivalently the LLP ¼ 0 value—corresponds to a total energy
autonomy of the system during the complete time period examined.
In an attempt to clarify the impact of the acceptable reliability on the stand-

alone system size main parameters (i.e. ‘‘z’’ and ‘‘Qmax’’) the ‘‘PHOTOV-III’’
algorithm is applied for the high and the low quality solar potential year (b ¼ 60

v
),

accepting zero, nine (9), forty four (44), eighty eight (88), one hundred and seventy
six (176) or four hundred forty (440) load rejections per annum. More precisely,
the corresponding ‘‘LLP’’ values are 0, 0.001, 0.005, 0.01, 0.02, and 0.05, respect-
ively, while the equivalent reliability values are 100%, 99.9%, 99.5%, 99%, 98% and
95%.
Fig. 7. Comparison between the initial cost (State subsidization included) of a PVS.
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Consequently, the proposed system configuration combinations that guarantee
the desired system reliability are presented in Fig. 8, along with the corresponding
constant ‘‘ICIN’’ curves for the high solar potential year investigated. On top of
that, the minimum initial cost points are predicted and represented in the same fig-
ure by the ‘‘minimum ICIN solution’’ curve. As it is obvious from these results, a
remarkable battery size diminution is encountered up to R ¼ 99%, since the corre-
sponding optimum ‘‘Qmax’’ value tends to 1300 A h, in comparison with the almost
2500 A h for the zero-load rejection case. For lower reliability level cases, the PV
panel number is slightly decreased in combination with a remarkable battery
capacity diminution. Similarly, the minimum cost solution is decreased—Fig. 9—
from 39,000 4 (5.4 kW, 2500 A h, no-load rejection case) to 36,000 4 (5.4 kW, 1300
A h) for 99% reliability and to 32,000 4 (4.8 kW, 850 A h) for 95% reliability.
Subsequently, a low solar potential year is investigated using the above-described

method. The calculation results are given in Fig. 10, along with the corresponding
constant initial cost and the ‘‘minimum ICIN’’ curves. In this specific case, the
influence of a permitted small number (i.e. 10 or 90) of load rejections is more pro-
nounced than the previous case on the corresponding (z–Qmax) curve. Thus, by
increasing the number of acceptable load rejections of the stand-alone system, a
remarkable (�50%) diminution of the battery capacity required takes place. For
lower reliability level values, a significant reduction of the stand-alone system pho-
tovoltaic panel number is observed, i.e. from 120 to 95, along with a remarkable
battery capacity decrease. At the same time, the minimum initial cost solutions—
Fig. 9—show considerable cost diminution, since by accepting R ¼ 99% instead of
Fig. 8. The relation between the configuration of a stand-alone PVS and the initial cost (50% subsidiza-

tion included), for variable reliability values; Zakinthos Island.
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the no-load rejection solution, the reduction on the system first installation cost is

approximately 4500 4 (or �10%).
Recapitulating, the replacement of the zero load rejection constraint by a 99%

system-reliability-value mainly influences, Figs. 11 and 12, the stand-alone PVS

battery capacity, while the corresponding PV panel number is slightly decreased.

On the other hand, for lower reliability values (up to 95%) there is a linear PV
Fig. 9. The impact of desired reliability on the initial cost of a PVS.
0. The relation between the configuration of a stand-alone PVS and the initial cost (50% subsi
Fig. 1 diza-

tion included), for variable reliability values; Zakinthos Island.
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panel diminution, accompanied by a similar battery capacity decrease. Besides, the
battery capacity value modification is more important in years of low solar poten-
tial than in high solar potential ones.
6. Energy balance of a stand-alone PVS

As already stated, one of the main targets of the present study is to extensively
analyse the energy balance of the proposed autonomous PVS for the complete time
period investigated. To get a representative picture of the proposed system behav-
iour, Fig. 13 presents a typical winter month (January) energy balance profile for
Fig. 11. The impact of desired reliability level on the PV panel number requested.
Fig. 12. The impact of desired reliability level on the battery bank capacity of a PVS.
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the medium solar potential year, resulting from the operation of the minimum
initial cost configuration under the no-load rejection restriction.
To get a clearer picture, the autonomous PVS worst week energy balance is

given in Fig. 14, along with the corresponding battery bank ‘‘DOD’’ values. Using
the available solar radiation measurements, a 2-day low energy production is
encountered, leading to a significant battery ‘‘DOD’’ increase. Generally speaking,
the battery bank charge condition is quite low for the entire week, achieving
‘‘DOD’’ values of the order of 65%.
Accordingly, the photovoltaic system energy balance is evaluated—Fig. 15—

for two different reliability values (R ¼ 100% and 95%) on a monthly basis.
Keep in mind that the R ¼ 100% solution is based on z ¼ 120 PV panels, while
the R ¼ 95% configuration uses only 105 panels, Table 1. Thus, using the calcu-
lation results, the maximum energy surplus appears during spring and autumn,
since during summer the remote system energy consumption is remarkably
increased to cover the air conditioning loads. Another interesting conclusion
drawn is that there is a remarkable system components-related energy-loss (i.e.
DC/AC inverter, battery charge controller, etc.), which represents the 12–14% of
the system total energy production, see Figs. 16 and 17. Besides, for the R ¼ 95%
case the photovoltaic system energy production cannot completely satisfy the
remote consumer energy demand (i.e. for January) or can hardly cover the system
load (e.g. December). On the other hand, the system energy surplus is definitely
less than the R ¼ 100% configuration.
This conclusion is clearly supported by inspecting Figs. 16 and 17, where the

minimum initial cost photovoltaic system annual energy balance is demonstrated
for R ¼ 100% and 95%, for the ‘‘worst’’ and for the ‘‘best’’ solar potential year,
respectively. Thus, the system energy surplus is 16% for R ¼ 100% and low solar
Fig. 13. Energy balance of a stand-alone PVS during January at Zakinthos Island.
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Fig. 14. Energy balance and battery status of a stand-alone PVS during the worst week of a typical solar

potential year, Zakinthos Island.
Fig. 15. Energy production analysis of a stand-alone PVS at Zakinthos Island.
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Fig. 16. Annual energy balance of a stand-alone PVS at Zakinthos Island for variable reliability levels.
Fig. 17. Annual energy balance of a stand-alone PVS at Zakinthos Island for variable reliability levels.
. Energy surplus (expressed as a function of annual energy consumption) versus panel numbe
Fig. 18 r, of a

stand-alone PVS for variable reliability levels.
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potential year, dropping to 11% for R ¼ 95%. On the other side, an almost 22%
energy surplus is predicted for R ¼ 100% and high solar potential year, which is
decreased to 19% for the R ¼ 95% solution.
Using the results of the present study, one may state that the photovoltaic sys-

tem energy surplus is linearly increased with the PV panel number used, Fig. 18,
while the minimum energy surplus is realized for the R ¼ 100% configuration, for
the same ‘‘z’’ value. On the contrary, there is a significant energy surplus decrease
as the photovoltaic system battery capacity is slightly increased, Fig. 19. This bat-
tery capacity increase mainly depends on the desired reliability level. After this
rapid decrease region, the energy surplus is fairly influenced by the battery bank
size, being however linearly decreased.
7. Conclusions

The optimum configuration of a stand-alone photovoltaic system is defined for a
typical Greek island, using extensive solar potential data. The results obtained are
based on experimental long-term measurements and operational characteristics by
the proposed system components manufacturers. According to the results pre-
sented, there is a remarkable system size and initial cost discrepancy between the
best and the worst solar potential year, strongly questioning pure theoretical mod-
els used to simulate the operational behaviour of PVS.
Subsequently, the desired PVS reliability level considerably affects the necessary

system battery capacity, especially up to R ¼ 99%. For lower reliability values, the
battery capacity decrease is milder. At the same point, there is an almost linear PV
panel diminution as the acceptably system reliability decreases from 100% to 95%.
9. Energy surplus (expressed as a function of annual energy consumption) versus battery
Fig. 1 bank

capacity, of a stand-alone PVS for variable reliability levels.
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Recapitulating, a remarkable initial cost diminution is encountered as system
reliability value drops from 100% to 95%.
Finally, an extensive energy balance analysis is carried out for several stand-

alone PVS configurations. Detailed results on an hourly, monthly and annual basis
are demonstrated, for variable system reliability levels and representative solar
potential time-series. According to the results obtained, the 2/3 of the photovoltaic
generator production is finally transferred to the consumption, while 12–14% is the
system components energy loss.
Consequently, the energy balance behaviour of a stand-alone photovoltaic sys-

tem applied at a representative remote consumer case for a long time period, along
with its high reliability and low maintenance competitive advantage—in compari-
son with other available alternatives—outline the proposed solution as a motivat-
ing prospect for the energy demand problems of numerous existing isolated
consumers. On top of that, using the above-described methodology, one has the
opportunity to select the desired stand-alone photovoltaic system long-term
reliability level, appreciating at the same time the necessary capital to be invested.
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