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ABSTRACT 

In recent years, the rapid growth of renewable energy sources (photovoltaic, biomass, geothermal, wind and hydroelec- 
tricity) constitutes a feasible solution for environmental problems created by the present production-consumption en- 
ergy model. Photovoltaic (PV) is one of the most promising, renewable energy sources with great potential for devel- 
opment. Over the last decade, the diffusion of photovoltaic installations in Italy has recorded a considerable increase, 
displaying at the same time substantial regional dissimilarities. In this paper, we sustain the hypothesis that the installa- 
tion of PV plants is first of all driven by the financial incentives granted. Using data for Italian provinces, derived under 
two different editions of the Energy Account, which represents the current Italian financing mechanism, we apply a 
statistical cluster detection method (the spatial elliptic scan statistics) to identify differences in the spatial distribution of 
PV plants, in terms of most concentration, throughout the Italian territory. The focus is on mapping the clusters and 
checking their spatial stability over time, when different subsidy schemes have been adopted. The evidence shows that 
in the latest detected clusters there are many Northern Italian provinces, with adverse climate conditions (low global 
irradiance level, low annual temperatures), which have rapidly taken advantage of incentives for solar energy installa- 
tions. 
 
Keywords: Renewable Energy Sources; Photovoltaic Power System; Feed-in Tariff; Elliptic Scan Statistics; Localized 

Cluster 

1. Introduction 

The present energy crisis, arising from the world’s de- 
pendence on fossil fuels, has highlighted the need to 
search for renewable and non polluting sources of energy. 
In recent decades the renewable energy is extensively 
recommended by researchers and promoted by govern- 
ments as a viable solution to the hazard posed to sus- 
tainability by greenhouse gas emissions and global cli- 
mate change [1]. 

Photovoltaic (PV) power systems, among other re- 
newable sources (biomass, geothermal, wind and hydro- 
electricity), have a great potential to be widely used. Ini- 
tially, the photovoltaic technology was regarded as a 
niche issue and not as a useful tool for sustainable energy 
production.  

Despite a difficult beginning, the installation of PV 

plants starts becoming a regular practice in urban plan- 
ning in many developed countries where photovoltaic 
modules are increasingly common components in the 
design of buildings.  

Over the last decade the PV power systems had a 
growth rate around 47% [2]. The leaders market in 2011 
were Italy, Germany, China, US, France and Japan, with 
over 1 GW of new capacity installed.  

A distinguished characteristic of solar energy is its 
tendency to be highly site-specific. As a consequence, 
the specific physical condition of a potential site (i.e. 
topography, local ecology) affects the overall project 
design and related economic profitability. Khan [3] sum- 
maries this situation in the following statement: “in the 
development of a renewable power plant, it is the site 
that choice the project, not the reverse”. Actually, there 
are not clear rules for site selection.  

The process of site selection must take into account *Corresponding author. 
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multiple constraints in order to maximize output and 
minimize costs. Indeed, locating optimal sites for the 
installation of photovoltaic power systems, requires the 
assessment of some discrimination factors (such as solar 
irradiance, local climate, topography, proximity to exist- 
ing roads, grid-connection, financial incentives). Anyway, 
at the heart of location decision, there are the financial 
incentives. In particular the feed-in tariff, which are fixed 
prices which an energy producer is guaranteed to receive 
per unit of energy produced, are become a worldwide 
tool to support the development of renewable technolo- 
gies and increase the installed capacity (see among others, 
[4-6]). As documented by the European Commission 
(2008) [7], “the feed-in tariff regimes are commonly the 
most efficient and effective support schemes for promot- 
ing renewable electricity in the European Union”.  

However, the reward of a feed-in tariff policy can be 
structured in various ways, with changing degrees of 
success [8]. Avril et al. [9] compares the public instru- 
ments used in five representative countries (France, Ger- 
many, Spain, Japan, US) to support the development of 
PV plants. That study remarks the importance of feed-in 
tariff as a tool for a good energy policy along with the 
necessity to have a well controlled progression of the 
installed capacity. Italy offers a very attractive support 
scheme, mixing net-metering (that is the possibility for 
the users to exchange energy with the local electricity 
grid) and a well segmented premium feed-in tariff. One 
peculiarity of Italian PV sector concerns the geographical 
distribution of PV plants within the territory since sub- 
stantial regional differences are observed. In this paper, 
the focus is in identifying differences in the spatial dis- 
tribution of PV plants over time, in terms of most con- 
centration, throughout the Italian territory, under two 
different editions of the Energy Account (“Conto Ener- 
gia”), which represents the current Italian PV technology 
development public strategy. Throughout this study we 
support the hypothesis that the financial incentives play 
an important role in shaping the spatial diffusion of pho- 
tovoltaic systems in Italy. One way to rigorously quantify 
the spatial heterogeneity of PV installations is to carry 
out a spatial cluster detection analysis. To comply with 
the aim of work, the elliptic scan statistics is employed as 
an appropriate method for detecting and evaluating spa- 
tial clusters. This technique is advocated to attribute sta- 
tistical significance to results presented in simple carto- 
graphic analysis displaying raw data. In this respect, it 
should be noted that data exploration and visualization 
are important tools for revealing the structure of data and 
identifying potential spatial pattern but there are some 
pitfalls. For instance, a certain degree of random varia- 
tion is usually observed in data collection and the ob- 
served pattern may simply be a consequence of this. Ac- 
cordingly, to be more reliable in the analysis of spatial 

distribution of photovoltaic plants, we pursue the afore- 
said statistical method for detecting statistically signifi- 
cant spatial clusters. The next step will be to determine if 
those areas would change for data derived under two 
temporally lagged PV incentive regimes. 

The remainder of this paper is organized as follows. 
In Section 2 we give a brief overview of the photo- 

voltaic sector in Italy, with particular regard to the Italian 
financing mechanism (the Energy Account). The meth- 
odology of the reviewed cluster detection approach will 
be discussed in Section 3; data and empirical results are 
presented in Section 4. Finally, some conclusions are 
formulated in Section 5. 

2. An Overview of Photovoltaic in Italy 

2.1. Regional Distribution of PV Plants in Italy 

In Italy there is a motivated background for using solar 
energy on urban scale. First of all, Italy imports about 
80% of primary sources in form of fossil and the urban 
areas, where almost the 80% of inhabitants live, are re- 
sponsible for 40% of all CO2 production [10]. 

Furthermore, Italy is well-placed to benefit from the 
successful development of solar energy projects, being 
characterized by a very high irradiation level: up to 30% 
higher than Central Europe, which translates into in- 
creased productivity and remuneration of the plant. 

Italy can rely on annual daily average of about 4 - 5 
daylight hours. The optimal orientation is towards the 
South of Italy (see Figure 1) along with an inclination of 
about 30 - 35 degrees. In recent years the growth in the 
number and power of photovoltaic systems took place at 
considerable rates. 

According to GSE (Gestore Servizi Elettrici), which is 
a company wholly owned by the Italian Government and 
involved in promotion, support and development of re- 
newable energy sources in Italy, the major number of PV 
plants, also in terms of overall installed power, are pre- 
dominantly in the North of Italy; in the South the most 
virtuous regions are Puglia and Sicilia [11]. At the end of 
2011 PV systems installed in Italy were 330,196 with a 
gross maximum capacity amounted to 12,773 MW. In 
2011, over the previous year, there was an increase in 
number (+112%) and power (+268%) in all regions. The 
number of plants went from a +65% of Liguria a +206% 
in Molise and from +77% in Trentino Alto Adige to a 
+636% in Molise in terms of power installed. 

In absolute terms, the Lombardia region has the largest 
number of plants with 48,692, followed by Veneto with 
44,997. Puglia is the Italian region with the largest in- 
stalled capacity (2186 MW) followed at a distance from 
Lombardia (1322). Therefore the power has increased 
more than proportionally to the number of installations, 
as it came into action plants of a larger size. This  
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Figure 1. Global horizontal irradiation yearly total (Source: 
European Commission: Joint Research Centre Institute for 
Environment and Sustainability). 
 
phenomenon is particularly evident at the end of 2011 
when the average size of the park of PV systems grows 
up to 38.7 kW [11]. Table 1 displays the total number of 
PV plants along with the overall power installed at the 
end of April 2012. A simple cartographic map of the re- 
gional distribution of PV plants is given in Figure 2. 

The park of PV systems is mainly constituted of plants 
stimulated through the financial support instruments 
whereas the other plants, installed before the advent of 
the incentives, represent a minority. 

2.2. Italian PV Incentive Regimes: The Energy  
Account 

Here, we give a brief overview of the Italian relevant 
legislation regarding incentives for the production of 
electricity by photovoltaic plants. In Italy the first ex- 
perience of financing method, leading to a primary diffu- 
sion of photovoltaic technology, was the National 
Photovoltaic Rooftops (Tetti Fotovoltaici) programme. 
This project, funded by the ministry of the Environment 
and Land Protection, started in 2001, to promote the de- 
velopment of small grid connected plants (nominal 
power from 1 to 20 kW), integrated in buildings (roofs, 
façade and other elements, such as urban infrastructures). 
The financial support was provided by a grant in aid to 
the initial investment up to 70% of the eligible cost of the  

Table 1. Regional distribution and power plants. 

 TOTAL 

Regions # Power (kW) 

Valle d’Aosta 1089 13657.31 

Piemonte 24,999 1095624.405 

Lombardia 50,558 1365566.56 

Trentino Alto Adige 15,126 300005.974 

Veneto 47,337 1192002.393 

Friuli Venezia Giulia 17,887 306137.659 

Liguria 3303 54633.43 

Emilia Romagna 32,456 1296202.089 

Toscana 18,287 484078.108 

Marche 12,439 802188.411 

Umbria 8433 326663.434 

Lazio 19,055 901685.588 

Abruzzo 8081 468451.338 

Molise 1702 129056.016 

Campania 10,454 381709.536 

Basilicata 3823 232650.282 

Puglia 24,188 2243250.114 

Calabria 9347 250319.373 

Sicilia 20,852 880726.721 

Sardegna 15,544 413972.438 

Italy 344,960 13138581.18 

Source: GSE report (Data 2012). 

 
plant. This subsidy scheme faced a lot of difficulties, 
mainly due to the lack of preparation with respect to the 
application of an innovative technology like photovoltaic 
as well as enduring bureaucratic delays, especially at 
regional level. As a consequence, the “Rooftops pro- 
gramme” experienced a rather slow growth and by the 
end of 2005, only over 14 MW out of the anticipated 21 
MW had been installed. Nevertheless, that project had 
the merit to promote and develop the interest for a mar- 
ket which was unknown. Subsequently, a feed-in tariff 
system (the so-called Energy Account) was introduced in 
Italy to promote the production of electricity from re- 
newable sources. The basic idea behind a feed-in tariff 
scheme is simple: the investor is guarantee to receive a 
certain price for each kWh fed into the grid over a fixed 
period of time [12]. In Italy the tariff consists of two 
separate payments: a certain tariff (premium) for the 
electricity produced by PV plant over a fixed period of 
time (defined for twenty years and annually revised), and  
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(a) 

 
(b) 

Figure 2. (a) Regional distribution in terms of number of 
PV plants; (b) Regional distribution in terms of installed 
power. 
 
the value of electricity produced which can either be used 
on “Net metering” or sold to the local utility grid (at the 
current market price). Under the net metering service, 
producers/users may inject into the grid the electricity 
that they generate on site but do not consume immedi- 
ately and withdraw from the grid, part or all of the elec- 
tricity that they need at a different time. Tariffs depend 
on size and level of building integration of PV plant. The 
first edition of the subsidizing scheme had specifically 
defined the level of building integration according to 
three different degree of implementation: integrated (if 
PV plants replace architectural elements or roofs of the 
buildings they are intended for), partly integrated (if PV 
plants are installed on flat roofs or parts of the buildings 
without substituting any part of them), not integrated 
plants (if systems not belonging to the previous men- 
tioned categories), with decreasing tariffs. This incentive 

mechanism should have lead, as in other countries in 
which it has been implemented, to a gradual reduction of 
the costs of systems, to the improvement of the genera- 
tion efficiency and to a longer life of cycle of systems. 

Notwithstanding the numerous requests and the real 
attractiveness of incentives fees, installations were rather 
limited and only a fraction of the admitted projects was 
effectively installed. Reasons for that were administrative 
barriers: lengthy of bureaucratic procedures for authori- 
zation and grid connection. The grid problem is another 
weak point of photovoltaic market because of the high 
delays of the distribution energy company in realizing 
the connection. At the same time, such demand of photo- 
voltaic plants has not been followed by an adequate 
growth of national PV industry. The situation seems 
however to be overcome with a new edition of feed-in 
tariff decree (issued in February 2007), substitutive of the 
previous one, which has introduced simplified proce- 
dures and surmounted most barriers, giving new vitality 
to the Italian photovoltaic sector and capturing the inter- 
est of manufactures, installers, investors and common 
citizens on the production of electricity energy by means 
of this technology. Starting from 2007, the solar power 
installations have increased significantly in Italy, as the 
result of the activation of updated versions of Energy 
Account, which had acted as catalyst for the increase in 
the installed capacity in Italy. The Second Energy Ac- 
count (2007-2010) was adopted with the objective to 
stimulate the photovoltaic market by a gradual reduction 
of the price of photovoltaic modules.  

Under this edition it was no longer necessary to wait 
for the allocation of tariffs by the GSE. The installation 
of the PV plants was possible once required the connec- 
tion to the GSE [13]. The Third account Energy changed 
the classification of photovoltaic systems and assigned to 
each type a limit for the cumulative power eligible for 
incentives. The Fourth Energy Account (published in 
May 2011) redefined the different types of plants, com- 
pared with the previous legislation and introduced an 
increase of 10% of the basic incentives if at least 60% of 
the investment cost of the plant was due to a production 
achieved in the European Union. For all plants operating 
from 2013, the Fourth Energy account provides one 
overall feed-in tariff scheme that includes both the elec- 
tricity price and the premium. 

However incentives granted under the Fourth feed-in 
tariff scheme have been significantly reduced compared 
to those provided under the Third Energy Account. Be- 
sides, all incentives granted under the Fourth Energy 
Account shall be paid for a period of twenty years with- 
out inflation adjustments.  

In Table 2 we display the tariffs set up with the Fourth 
Energy Account, differentiated according to the type and 
size of PV systems. 
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Table 2. Tariffs for small and large PV plants. 

First semester 2012 Second semester 2012

Power 
Buildings 

Other 
Plants 

Buildings 
Other 
Plants 

kWh €/kWh €/kWh €/kWh €/kWh 

1< P ≤ 3 0.274 0.24 0.252 0.221 

3 < P ≤ 20 0.247 0.219 0.227 0.202 

20 < P ≤ 200 0.233 0.206 0.214 0.189 

200 < P ≤ 1000 0.224 0.172 0.202 0.155 

1000 < P ≤ 5000 0.182 0.156 0.164 0.14 

P > 5000 0.171 0.148 0.154 0.133 

Source: www.quartocontoenergia.it. 

3. Statistical Methodology 

In this section, we review the statistical framework for 
the detection of spatial clusters. The question of whether 
events are clustered in space and/or in time has received 
considerable attention in literature. Often, most of appli- 
cation of cluster analysis have been confined to the field 
of epidemiology, where a cluster is defined as an unusual 
aggregation of health events real or perceived. In the 
epidemiological context and spatial disease surveillance, 
methods to locate potential clusters are essentials to pro- 
vide insight into the etiology of disease, when it has not 
yet been well established, and early warnings of inten- 
tional release of biological and nuclear agents respect- 
tively. Anyway, cluster detection is an important task in a 
variety of application domains on condition that a cluster 
detection is carried out with care and scientific rigor. 
Hence, it is not necessary that the unusual aggregation 
should be related to health event data: any phenomenon 
showing geographic (spatial) variability can be subject to 
cluster detection analysis. Generally, cluster detection 
methods can clarify if there is a pattern in the examined 
data and help to gain a better understanding of a geo- 
graphic phenomenon by an automatic detection of re- 
gions of space that are “anomalous”, “unexpected” or 
otherwise “interesting”. In this study we adopt as cluster 
detection technique the well-known spatial scan statistics 
[14,15], which can be adapted to different data types and 
distributions. Like other approaches, the spatial scan sta- 
tistics impose circular regions over the study area and 
then evaluate the significance of the number of cases that 
fall within each circle. In addition, Kulldorff’s scan sta- 
tistics solved the problem of multiple hypothesis testing 
that has plagued previous cluster detection methods (see 
for example [16] and [17]). In the scan statistics proce- 
dure there are two key phases: the identification of the 
most likely clusters, for which the occurrences of a phe- 
nomenon within a region are higher than outside it, and 

the separation of clusters that are significant from those 
which occurred by chance. Kulldorff’s scan statistics 
reduce the problem of cluster detection to a problem of 
maximum likelihood estimation over geographical space 
and use a likelihood ratio test statistic whose mathemati- 
cal formulation depends on the probability model used. 
Different types of discrete or continuous data can be ana- 
lyzed, using spatial scan statistics for Bernoulli, Poisson 
[15], ordinal [18], exponential [19] normal [20] and mul- 
tinomial [21] models. Poisson models are the most popu- 
lar models for discrete data. In applications, such as epi- 
demiology, where cases are rare events with respect to 
total population, the Poisson models are usually assumed. 
For implementing a typical scan statistic one partitions 
the study region into a given number of subregions, re- 
quiring as input data the number of cases in each area, 
the total background population as well as the centroid 
location (i.e. the longitude and latitude coordinates) of 
each area. Under the null hypothesis we expect that there 
is no cluster in the study region and the cases in each 
subregion are uniformly distributed such that the ex- 
pected number of cases in each area is proportional to its 
population. In order to establish a framework for sta- 
tistical testing we used the following notation: let be L(Z) 
the likelihood under the alternative hypothesis that there 
is a cluster in zone Z; L0 the likelihood under the null 
hypothesis; zE  the expected number of cases inside 
zone Z under the null hypothesis; za  the actual number 
of cases inside zone Z and C the total number of cases. In 
the case of Poisson distributed process, the likelihood 
ratio takes the following form: 

   
0

z za C

z z

z z

L Z a C a
LR Z

L E C E


   

        

a

     (1) 

when z z  and one otherwise [15]. The most likely 
cluster is defined as the set of connected regions that 
attain the maximum likelihood ratio. A Monte Carlo 
testing procedure [22] is adopted to evaluate the signify- 
cance of the likelihood-ratio. As previously pointed out, 
the standard spatial scan statistic uses a circular window 
to scan the potential cluster areas; as a consequence it has 
difficulty in correctly identifying actual non circular 
clusters. Recognizing that in real situations we frequently 
find spatial clusters with quite different shapes from cir- 
cular ones, over the last years there have been many 
modifications to the spatial scan procedure. Several non 
circular spatial scan statistics have been proposed (see, 
among others [23-26]. One of the extension of the me- 
thod considers an elliptic scanning window of variable 
location, shape, eccentricity and size, with or without a 
penalty variable. The elliptical version of spatial scan sta- 
tistic [26] can be viewed as a particular case of the circu- 
lar one, with the underlying statistical theory, the cluster 
search and the evaluation of the statistical significance of  

a E
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spatial clusters unchanged compared to the standard case. 
As known, an ellipse is characterized and identified by 
the following parameters: the cartesian coordinates of its 
centroid (x,y), the eccentricity, the angle and the size. 
The ratio between the semimajor axis and the semiminor 
axis determines the shape (s) of the ellipse. A ratio equal 
to 1 identifies a circle whereas values greater than one 
define an ellipse with a narrow and long shape. The pa- 
rameter relative to the angle   of an ellipse is defined 
through the horizontal line (direction east-west) and the 
semimajor axis. When the semimajor axis is north-south 
oriented an angle of 90 degrees is obtained. The shape (s) 
is related to the eccentricity (e) of ellipse through the 
formula 21 1s e  . After setting the parameters, the 
procedure varies the size of scanning window moving 
from 0 to an upper limit, fixed a priori, expressed as per- 
centage of population to be integrated in the final cluster, 
such that at most 50 percent of total population is in- 
cluded within the ellipse. The ability to vary the size of 
the ellipse is important because we usually do not know 
the size of the area covered by a cluster [17,27]. In the 
search stage a range of values for the parameter s are 
fixed. Usually a valuable collection of ellipse shapes is 
1.5, 2, 3, 4, 5, 6. The authors recommend using a number 
of angles at least three times the value of parameters. We 
define E(s) as the subset of the collection E that includes 
all the shapes listed above in this section up to and in- 
cluding s. Hereby, a finite number of overlapping ellipses 
are considered as candidate cluster area. In order to avoid 
not interesting spatial aggregation, i.e. to discourage less 
compact clusters, an eccentricity penalty v
introduced. This parameter is defined as 

ariable can be 
  2

4 1s s  . 
The exponent  is a tuning scalar value and is 
attached to the penalty function to control its strength. In 
this respect, we observe that with 

 0  

0   the penalty 
function is always 1 irrespectively of s, collapsing the 
strength of penalty; when   goes to infinity the penalty 
function goes to 0 for all s > 1, so that only circular clus- 
ters are considered. Hence, the log-likelihood function is 
modified according to the following equation: 

 
 2

4

1
adj

s
LLR Z LLR

s


 
 
  




         (2) 

where LLRadj is the adjusted log-likelihood ratio, LLR is 
the original log likelihood ratio. When the cluster search 
is carried out without an eccentricity penalty, a sensible 
choice for s is required. In fact a remarkable eccentricity 
might considerably affect the procedure computational 
efforts. In an attempt to delineate clusters of PV plants 
and uncover their geographic location, the elliptic ver- 
sion of Kuldorff’s spatial scan statistic has been adopted 
as this tool has better power and precision compared with 
circular version for most of situations [28]. Besides, the 

elliptical shape more accurately follows certain geo- 
graphic features. The spatial scan statistic for elliptic 
scanning window has been implemented into the freely 
available software SaTScan which can be downloaded 
from www.satscan.org [29]. 

4. Application to Photovoltaic Data 

The cluster detection method, illustrated in Section 3, is 
applied to photovoltaic data, derived from two different 
editions of Energy Account, in order to locate and detect 
clusters of photovoltaic plants within the Italian prov- 
inces (or districts) and check their stability over time, 
when different incentive systems have been introduced. 
In particular, we compare data before 2007, drawn from 
the old incentives scheme, hereafter named “Old Energy 
Account” and data drawn from the new financing scheme, 
hereafter named “Fourth Energy Account”. In our study, 
the photovoltaic plants are distinguished according to 
their capacity. On this point, we underline that power or 
capacity of installed PV is measured in kWp (peak kilo 
Watt). A Wp (peak watt) gives the electric power gener- 
ated (in watt) by a photovoltaic cell in standard condi- 
tions. It is worth noting that 1 kWp of power corresponds 
indicatively to a surface area of photovoltaic modules of 
8 m2. In order to employ the elliptic scan statistic as 
cluster detection method, we consider the overall number 
of PV plants as background data, whereas the case data 
refer to the installations with power exceeding a given 
kWp threshold. In this respect, plants with overall power 
greater than 20 kWp, 50 kWp and 100 kWp are in turn 
considered. Our interest is restricted to large PV systems 
since they represent the most installed plants over the last 
years. As previously underlined, the analysis is based on 
the geographic area of the Italian provinces and all dis- 
tance measures involved in the method are calculated 
using the coordinates of the 110 districts’ centroids. Be- 
fore presenting the results, we wish to point out that this 
cluster detection analysis requires to limit the dimension 
of the cluster. The choice of an appropriate cluster size is 
critical. On one hand, smaller cluster have the advantage 
to look at a specific neighborhood although they are 
characterized by a more statistical and spatial uncertainty; 
on the other hand larger clusters are more robust but pro- 
vide less geographic information. In the SatScan soft- 
ware the maximum cluster size can be set to any values 
less than or equal to 50% of total population, named 
“population at risk”, reflecting the epidemiological ori- 
gins of the spatial scan statistic. Many times the most 
likely cluster composition is heterogeneous, blending 
regions with elevated responses of the phenomenon un- 
der study and areas with low occurrences.  

To enhance the interpretation of the spatial scan statis- 
tic we implement different spatial scans, systematically 
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varying the “population at risk” parameter from 5% to 
50%. Clusters were identified by scanning window asso- 
ciated with the maximum likelihood and a likelihood- 
ratio test statistic was calculated.  

The p-value of the statistical test is based upon the null 
distribution of likelihood ratio test statistic obtained with 
999 Monte Carlo replications of the data set generated 
under the null hypothesis.  

Through Tables 3 and 4 and Figures 3-5 we are able 
to highlight the generated spatial scan statistics results 
and capture discrepancies examining data arising under 
two different financial regimes. 

Tables 3 and 4 summarize several values for the de- 
tected PV clusters, differentiating PV plants according to 
their power.  

In addition to the maximum dimension of cluster, 
population, number of cases, expected cases, relative risk, 
log-likelihood ratio and p-values are also displayed. 

We first look at the detected results for PV plants with 
overall power greater than 20 kWp, presented in Figures 
3(a) and (b). 

Visual evidence of non random spatial distribution of 
PV plants drawn from the Old-Energy Account, shows 
that the most likely cluster (largest likelihood-statistics) 
was geographically confined to some Northern-Eastern 
and Central Italian regions. 
 
Table 3. Elliptic scan results (Data from GSE-report 2007). 

Scan  
parameters 

Elliptic 
Population Cases 

Expected 
cases 

RR LLR p-value

power > 20 kWp 

50% 1313 385 252.63 1.90 43.77 0.0000

30% 1313 385 252.63 1.90 43.77 0.0000

20% 204 106 39.25 2.92 41.13 0.0000

5% 204 106 39.25 2.92 41.13 0.0000

power > 50 kWp 

50% 152 12 2.21 6.35 11.26 0.0036

30% 152 12 2.21 6.35 11.26 0.0035

20% 152 12 2.21 6.35 11.26 0.0031

5% 152 12 2.21 6.35 11.26 0.0011

power > 100 kWp 

50% 152 12 1.92 7.52 12.80 0.00096

30% 152 12 1.92 7.52 12.80 0.00096

20% 152 12 1.92 7.52 12.80 0.00089

5% 152 12 1.92 7.52 12.80 0.00034

*Elliptic windows of different shapes and angles were used to scan for clus- 
ters. 

Table 4. Elliptic scan results (Data from GSE-report April 
2012). 

Scan  
parameters

Elliptic* 
Population Cases

Expected 
cases 

RR LLR p-value

power > 20 kWp 

50% 48,331 1776 970.23 2.12 325.12 0.0000

30% 48,331 1776 970.23 2.12 325.12 0.0000

20% 48,331 1776 970.23 2.12 325.12 0.0000

5% 13,433 685 269.66 2.71 236.48 0.0000

power > 50 kWp 

50% 62,472 1825 1113.40 1.91 243.08 0.0000

30% 62,472 1825 1113.40 1.91 243.08 0.0000

20% 62,472 1825 1113.40 1.91 243.08 0.0000

5% 13,433 577 239.41 2.46 161.42 0.0000

power > 100 kWp 

50% 62,472 1825 1113.40 1.91 243.08 0.0000

30% 62,472 1825 1113.40 1.91 243.08 0.0000

20% 62,472 1825 1113.40 1.91 243.08 0.0000

5% 13,433 442 209.73 2.21 102.52 0.0000

*Elliptic windows of different shapes and angles were used to scan for clus- 
ters. 

 
More specifically, the cluster with the most statistical 

strength includes some provinces of Trentino-Alto Adige, 
Veneto, Emilia-Romagna, Toscana, Marche, Umbria and 
Lazio. Interestingly, when the cluster search process is 
replicated for the most recent available data, derived 
from the Fourth Energy Account, we find out that the 
boundaries of detected cluster are changed. 

The prevalent cluster occurs at different locations and 
encompasses districts of Northern-Western regions (Pie- 
monte, Liguria and Lombardia). For the sake of com- 
parison we also performed cluster detection analysis for 
PV installations with overall power greater than 50 kWp. 
Results, displayed in Figure 4, clearly indicate that, 
when data come from the “Old Energy Account”, the 
most probable cluster, for which the occurrences of phe- 
nomenon under study within a region are higher than 
outside, is located in the South of Italy and consists of 
provinces belonging to Campania, Puglia, Basilicata and 
Calabria regions. Change of the data set under study re- 
sults in the change of statistical significance aggregation 
of area characterized by a significant level of phenome- 
non. On inspection of Figure 4(b), it is evident that, ac- 
cording to the scanning method, the regions exhibiting 
spatial cluster are now located in the Northern Territory. 
In this case, provinces of Valle d’Aosta, Piemonte and 
Lombardia appear to be areas of interest.  

Finally, the same aggregation areas are individuated 
when the consideration is limited to the biggest PV plants 
n terms of installed power (PV installations with power  i  
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(a)                                   (b) 

Figure 3. (a) Spatial cluster analysis* of PV plants in Italy—threshold value > 20 kWp—data from Old Energy Account; (b) 
Spatial cluster analysis* of PV plants in Italy—threshold value > 20 kWp—data from Fourth Energy Account. *SaTScan 
Poisson model using an elliptic scan window with a non compactness penalty, maximum cluster <20% of the background 
population. 
 

 
(a)                                      (b) 

Figure 4. (a) Spatial cluster analysis* of PV plants in Italy—threshold value > 50 kWp—data from Old Energy Account; (b) 
Spatial cluster analysis* of PV plants in Italy—threshold value > 50 kWp—data from Fourth Energy Account. *SaTScan 
Poisson model using an elliptic scan window with a non compactness penalty, maximum cluster <20% of the background 
population. 
 

 
(a)                                       (b) 

Figure 5. (a) Spatial cluster analysis* of PV plants in Italy—threshold value > 100 kWp—data from Old Energy Account; (b) 
Spatial cluster analysis* of PV plants in Italy—threshold value > 100 kWp—data from Fourth Energy Account. *SaTScan 
Poisson model using an elliptic scan window with a non compactness penalty, maximum cluster <20% of the background 
population. 
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greater than 100 kWp). As a result, the clusters depicted 
in Figures 5(a) and (b) perfectly overlap with those dis- 
played in the maps of Figures 4(a) and (b). 

5. Conclusions 

The analysis proposed in this paper was designed to pro- 
vide a statistical examination of regional variability in 
diffusion patterns of PV plants in Italy. Given the nature 
of PV energy, throughout this paper we support the hy- 
pothesis that the policies of local institutions [30], and in 
particular the financial incentives, play a relevant role in 
location decisions and in explaining differences in the 
spatial distribution of PV installations and in their not 
uniform development. As argued by [31], in Italy there is 
a considerable variability in the institutional quality of 
regional governments. As for photovoltaic sector, the 
bureaucratic inefficiency of local governments may dis- 
courage PV investments. For instance, the time and ef- 
forts required to obtain authorization for installing new 
PV systems varies widely among regions. Additionally, 
for many years, there were contrasting local laws with 
some regions (especially in the South) prohibiting photo- 
voltaic applications of any kind (Basilicata) and others 
permitting them only when local companies are involved 
in their construction (Calabria). This study considers the 
spatial locations of photovoltaic plants in 110 Italian 
provinces, distinguished according to their power. To 
identify differences in the spatial distribution of large PV 
plants (those targeted starting from 20 kWp), in terms of 
most concentration, throughout the Italian territory, we 
adapted the techniques of spatial cluster detection, most- 
ly used in epidemiology, to the problem at hand. More 
specifically, we employed the elliptic scan statistic to 
detect a local excess of events and to test if such an ex- 
cess can reasonably have occurred by chance. Starting 
from the last available annual report of GSE (2012), we 
compared photovoltaic data drawn from both the “Old 
Energy Account” and the “Fourth Energy Account”, with 
the latter came into force in 2011. The activation of up- 
dated versions of Energy Account has had a large im- 
pact on the density of PV plants and on their spatial dif- 
fusion in Italy. Our findings provided some empirical 
support that the spatial distribution of PV plants in Italy 
is characterized by substantial regional dissimilarities.  

This study showed that solar energy development de- 
pends today on the capability of local structures to pro- 
mptly take advantages of incentives for solar energy in- 
stallations more than solar irradiation. In spite of the 
privileged climate and orographic setting of Southern 
Italy, which gives to whole South an enormous potential 
for the installation of photovoltaic power plants, the 
prevalent and persistent localized clusters of larger PV 
plants embrace mainly Northern provinces. In those loca- 

tions, that may seems unlikely on first look, the low solar 
resource has been counterbalanced by high local incen- 
tives, making solar projects feasible. Thereby, it arises 
the need for the education of regional and local govern- 
ments about the benefit of solar energy. Italian local 
governments, particularly in the South, should take ad- 
vantages of the unexploited solar potential in their terri- 
tories. It is worth noting that the more favourable cli- 
matic conditions of Southern regions affect the effect- 
tiveness of PV technology by increasing the hours of use 
in the year. Solar PV plants located in the South of Italy 
achieve a very high level of utilization: over 1500 hours 
a year. 
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