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Abstract: EU targets for sustainable development call for strong changes in the current energy 
systems as well as committed protection of environmental resources. This target conflicts if a policy 
is not going to promote the compatible solutions to both the issues. This is the case of the additional 
renewable energy sources to be exploited for increasing the share in the electricity mix and in the 
gross final energy consumption. Solar energy is, currently, the cheapest solution in Southern 
European Countries, like Italy. In this paper, thanks to the availability of three open databases 
provided by National Institutions, the authors compared the historic trends and policy scenarios 
for soil consumption, electricity consumption, and renewable electricity production to check 
correlations. The provincial scale was chosen as resolution of the analysis. The deviations from the 
policy scenarios was then addressed to identify the demand for policy recommendations and 
pathways to promote in order to achieve the target for renewable electricity share as well as the 
reduction in soli consumption trend in 2030. The role of renewables integrated in the existing 
contexts, such as building integrated photovoltaics, is considered a key driver for solving this issue. 

Keywords: open energy analytics; energy planning; building integrated photovoltaics; solar 
energy; electrification in the built environment 

 

1. Introduction 

A transition towards more sustainable energy is the pathway identified by the European 
Commission for a modern, prosperous and climate neutral continent [1]. One of the pillars is the 
increasing development of Renewable Energy Sources (RES) and their share in the energy mix [2], 
characterized by low marginal costs but an intermittent nature [3]. 

Current EU policy is the 2030 Roadmap that aims at 32.5% of energy efficiency and at 32% of 
RES share on final energy consumption by 2030, calling for challenging energy and climate plans by 
each Member State, especially with a focus on cities [4]. 

Nowadays, the majority of fuel supply is fossil, with the perspective on including different 
forthcoming renewable alternatives at different scales [5]. Contemporary, large-scale electrification 
of stationary users as well as transportation by means of Electric Vehicles (EV) [6] draws the 
attention to electricity sectors entailing new players in new markets such as the flexibility services 
offered by the buildings [7]. 

Indeed, referring to the electricity sector, more than half of the energy supply is foreseen to be 
provided by RES. This strong variation causes policy implications in EU and historical data and 
time-series [8] play a key role for highlighting the already occurred changes in economics [9] since 
the first EU Directive in 2001 [10]. 
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Data and its openness are tools for effective monitoring and planning of decarbonisation at 
different scales [11] and for different technology integration [12]. It implies multi-energy systems 
and analysis [13] for managing stochastic behaviour of RES involving prosumers in the smart grid 
environment [14] with the help of the demand response (DR) program [15]. Participation of citizens 
as contributors to the new energy market and to the new energy policy is included in the new Italian 
Energy and Climate Plan. Referring to RES, it promotes the repowering of existing plants to pursue 
the environmental protection [16]. To do so, reducing the land consumption is the main target in 
order to mitigate the environmental and landscaping impacts as well as the citizens’ quality of life, 
such as level of pollution [17]. 

Photovoltaics (PV) is a key technology since it is already deployed and economically viable [18]. 
Further development in materials and efficiency as well as products’ integration can be promoted by 
a simplified modelling tool [19] but obstacles still present have to be considered, such as storage 
needs [20] or energy market mechanisms for its future prospects [21]. As regards impact, according 
to Reference [22], PV has a low impact if integrated in existing buildings or being part of new ones 
not entailing further land use [23]. This integration is also promoted by new business models, such 
as third party ownership (TPO) or community-shared (CS), transforming solar energy in a service to 
the market [24]. As a matter of fact, buildings are not only electricity consumers but also thermal 
energy ones. Coupling electrification and energy refurbishment, the actual integration of solar 
energy must be ensured from the pre-design to the operation phase [25]. Therefore, modelling and 
optimization should aim at cost-benefit analysis for renovation [26], together with the integration of 
Information & Communication Technologies (ICT) such as building automation [27]. 

Yet, deployment of renewable energy plants sees obstacles in the local community and in 
legislation when the large scale occurs [28]. To overcome those barriers, raising the citizens’ 
awareness of renewable energy as well as tailored design on local contexts must be included in 
energy planning [29] for inclusive and quality-driven solutions for all of the population’s ages [30]. 
Moreover, getting close production to the consumption implies the direct increase of RES share, the 
avoidance of distribution losses, and an efficient detailed planning of storage infrastructures 
installation reducing costs [31]. 

For this purpose, location registered by geographical information systems (GIS) provide a local 
community database and starting point to go for new renewables accounting for surroundings’ 
needs and criticalities [32]. Beside this, large-scale data analytics and modelling to optimize 
multi-energy systems [33] with analytics of penetration of RES, such as PV or new technologies such 
as heat pump (HP) [34], are useful in multiple operating conditions. It is possible to consider 
relevant constraints such as load matching and integration in sensitive environments [35] or where 
the connection to the power grid is weak or even absent [36]. 

In this field, this study analyses the Italian open database on land use, electricity consumption 
and renewable electricity production at provincial resolution. The issue of available surfaces 
dedicated to further renewable energy production is faced accounting for the national policy targets 
[37], and scenarios to comply with the legislation in force are provided. Open data provided by 
Public Institutions are considered a transparent tool and a clear explanation of current trends to 
citizens. 

The authors investigated the correlation among the renewable power plants’ installation and 
land use in order to provide a more informed framework and a set of recommendations to follow for 
providing a growth trend aligned with policy targets in the field of energy, environmental 
protection, and economic profitability. 

2. Materials and Methods 

The objective of this work is the analysis of available open data on land use, electricity 
consumption, and renewable electricity production in Italy to check if there is any link among them 
useful to adjust energy and climate strategy plans, putting low impact initiatives into action. 

Referring to the Italian territory, it has three administrative levels: 20 regions, 107 provinces and 
7926 municipalities.  
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For the purpose of this analysis, the authors selected the second administrative level, i.e., the 
provinces, believing that a higher detail leads to excessive fragmentation and a lower detail hides the 
quality of trends and features of the analysed data. 

A geographical subdivision based on homogeneous energy characteristics was carried out in 
many energy planning researches on specific areas [38], usually recalling administrative boundaries 
at the regional [39] or municipal level [40]. This change of scales did show pros and cons carefully 
considered by the authors. 

Data on soil consumption come from the homonymous Report edited by ISPRA [41], Italian 
Institute of Environmental Protection, available both in cartographic and numerical format, i.e., 
excel sheets. It provides the current status and historic data of the Italian territory as a trend of soil 
consumption accounting for the different territorial transformations at all levels. Indicators to 
evaluate consumption characteristics and trends are elaborated. Projections of land use changes and 
their impacts are provided together with the mapping and evaluation of soil ecosystem services [42]. 
Soil consumption is a phenomenon associated with the loss of a fundamental environmental 
resource, due to the occupation of an originally agricultural, natural or semi-natural surface. The 
phenomenon refers to an increase in artificial ground cover, linked to settlement and infrastructure 
dynamics. A process mainly due to the construction of new buildings and settlements, the expansion 
of cities, the densification or conversion of land within an urban area and the infrastructure of the 
territory. Soil consumption is, therefore, defined as a variation from a non-artificial cover (unused 
soil) to an artificial ground cover (consumed soil), as defined in Reference [43]. In Appendix A, a 
description of available data of surfaces at the provincial level from ISPRA can be found [44,45]. Data 
are administrative surfaces, population and land consumption.  

Data on electricity consumption come from the database published by TERNA [46], Italian 
Transmission System Operator (TSO), and are available on the website in numerical format, i.e., 
excel sheets. It allows for understanding how the electricity consumption market in Italy changed in 
relation to industrial and economic developments together with the implementation of international 
decarbonisation targets. In Appendix B, a description of available data of electricity consumption at 
the provincial level from TERNA is reported. 

Finally, data on renewable electricity production are derived from GSE [47], Italian Energy 
Services Operator, and are available on the website as yearly excel files as part of all the RES 
production databases in the Electric, Thermal and Transport sectors. Regional resolution is available. 
Moreover, GSE is the company identified by the Italian State and owned by the Ministry of 
Economic Development to pursue and achieve the objectives of environmental sustainability in two 
pillars: RES and energy efficiency. Besides that, the open data availability occurs at the provincial 
level except for the production of renewable energy from wind, bioenergy, geothermal and 
hydroelectric sources. To overcome this barrier, the production of electricity at the provincial level 
(Eprov,i) for those RES was estimated using Equation (1), where heq,reg,i are the nominal power 
equivalent hours of production for the generic RES [47] and Pprov,i is the nominal power of the generic 
RES installed at the provincial level.  

Data relating to the power of the systems are available in cartographic and in numerical format 
on a dedicated website hosting the atlas of all Italian systems [48]. 

𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖 =  ℎ𝑒𝑒𝑒𝑒,𝑟𝑟𝑟𝑟𝑟𝑟,𝑖𝑖 ∙ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖 (1) 

The study was developed over three phases. 
In the first phase, a statistical analysis was carried out to characterise the different Italian 

provinces, by computing the specific variables per unit of administrative surface or per capita. This 
calculation is commonly used to evaluate the ecological footprint of human activities [49] and is 
already adopted in the field of energy to assess the impact of the different forms of electricity 
generation [50–52] or to identify the call for surfaces in the energy planning phase [53], considering 
the opportunity to re-use the brownfield [54]. 

Twenty classes were identified to perform frequency analysis (first class from 0 to 0.10 of the 
mean value up to the twentieth class from 1.9 to 2.0). 
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Data dispersion was classified in quartiles (Q1, first quartile; Q2 the median; Q3, third quartile). 
A relative measurement of dispersion is the coefficient of quartile deviation (CQD), defined as: 

𝐶𝐶𝐶𝐶𝐶𝐶 =  
𝑄𝑄3 − 𝑄𝑄1
𝑄𝑄3 + 𝑄𝑄1

 (2) 

In the second phase, the possible correlation between soil consumption and electricity 
consumption, with a focus on the overall and the non-renewable portion, was investigated. Several 
studies in literature, connections among energy use, soil consumption and emissions are examined 
and accounted in the building future scenarios [55,56] as well as in forecasting the emissions when 
economic growth and energy sector changes occur [57,58]. The aforementioned correlation was 
investigated on a provincial base, compared to the regression line, and the deviations of all the 
provinces were calculated. Using the Excel data analysis tool, a linear regressive analysis and a 
quadratic regression were performed. 

In the third phase, in order to achieve the set of values for RES production in 2030, the amount 
of new PV plants to be installed for each province was computed. Then, the associated request for 
new surfaces to occupy with those plants was estimated and a comparison with the surface of 
consumed soil was made so as to verify the possible need for new surfaces. The evaluation of the 
additional surface area of photovoltaic systems was carried out by weighting the recommendations 
reported in Reference [59] related to the technically useful surface for new PV at Italian latitudes 
(6.6–8.2 m2/kW). This is integrated by the contribution in Reference [60] about the statistical average 
values of soil consumption when equipped with tracking and non-tracking systems that are from 
31.6 m2/kW to 40.9 m2/kW and from 23.5 m2/kW to 32.8 m2/kW, respectively. 

3. Status Quo, Trends, and Policy Scenarios for Land Consumption and RES 

Given that the European Union target is the elimination of net land consumption by 2050, land 
permeability is promoted, and where covering is unavoidable, compensation through the 
re-naturalization of equal or greater extension is promoted [61]. However, no directive has been 
issued by the EU. Similarly, in Italy, the Parliament has not yet approved a law to protect the soil 
from its progressive artificial coverage. 

According to surveys reported by ISPRA [41], in Italy between 2012 to 2017, the soil 
consumption increased from 22,814 km2 to 23,063 km2, reaching around 7.65% of the national 
territory. This value is considered the starting point of the analysis, i.e., scenario #0. In detail, the 
consumption of soil per inhabitant is approximately 382 m2/inhabitant. 

Figure 1 shows the projection of soil consumption considering two evolutionary scenarios: 

• Scenario #1 accounts for a progressive reduction in the speed of transformation, equal to −15% 
every three years, so as to reach an increase in net land occupation equal to zero by 2050. This 
means that from today to 2050, there would be an additional soil consumption of 818 km2. 

• Scenario #2 accounts for the historical trend recorded over the past five years and extends it 
linearly to 2050. It entails that the future additional soil consumption will be 1672 km2. 
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Figure 1. Soil consumption in Italy. 

Referring to RES deployment, Italy set a target for 2030, i.e., 30% of gross final energy 
consumption covered by renewables, together with outlining a path for their sustainable growth and 
full integration into the system [16]. In detail, the target for 2030 foresees a gross final energy 
consumption of 111 Mtoe (millions of tonnes of oil equivalent), of which about 33 Mtoe is to be 
supplied by RES.  

The electricity sector will be the main contributor, with 16 Mtoe of generation from RES, equal 
to 187 TWh. Electricity consumption is expected to grow slightly due to the combined effect of the 
electrification and implementation of energy efficiency measures. It will go from 28.5 Mtoe recorded 
in 2017 to 29.0 Mtoe in 2030. The strong penetration of electric RES technologies, mainly photovoltaic 
and wind power, will allow the sector to make renewable 55.4% of gross final electricity 
consumption in 2030, compared to 34.1% in 2017.  

Figure 2 reports the electricity consumption and the renewable electricity share showing the 
recorder and approved data for 2012–2017 and forecasts up to 2030. 

 

Figure 2. Electricity consumption and the percentage covered by RES. 

Reduction in the cost of photovoltaic and wind power systems will be a key driver of this 
change. 
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To achieve the renewable targets by 2030, it will be necessary not only to stimulate new 
production, but also to preserve the existing one and indeed, where possible, increase it by 
promoting the revamping and repowering of systems. Promoting the existing wind power 
revamping and repowering investments with more advanced and efficient machines, taking 
advantage of the good windiness of already known and used sites, will also limit the impact on soil 
consumption. A similar approach will have to be followed to drive the significant increase of PV 
installation first on existing surfaces, such as buildings. 

4. Results and Discussion 

Statistical analysis of open databases was performed for computing at the provincial level the 
specific values per capita and per unit of the surface of the three mentioned variables: soil 
consumption, electricity consumption and renewable electricity production. 

Referring to the per capita soil consumption, the average value is 467.9 m2/inh., varying 
between a minimum value of 129.6 m2/inh. in the province of Naples and a maximum value of 834.8 
m2/inh. in the province of Piacenza (Q1 = 382.1 m2/inh.; Q2 = 454.3 m2/inh.; Q3 = 564.6 m2/inh.; CQD = 
0.19). A share of 15.1% among the Italian provinces has a soil consumption less than 300 m2/inh., a 
share of 11.3% more than 600 m2/inh. and the remaining 73.6% has a soil consumption between 300 
and 600 m2/inh., as depicted in Figure 3a. 

The analysis is completed by the fraction of consumed soil per unit of surface of the provincial 
territory. Larger variations are observed from one province to another one, as reported in Figure 3b. 
Indeed, the average value is 9.2%, with the minimum in the province of Matera equal to 2.8% and the 
peak recorded in the province of Monza equal to 41.0% (Q1 = 5.6%; Q2 = 8.0%; Q3 = 11.2%; CQD = 
0.34). It is noteworthy that 80.2% of the Italian provinces have a soil consumption of less than 10%. 

 
(a) 

 
(b) 

Figure 3. Distribution of land consumption: (a) per capita and (b) fraction on provincial surface. 

As regards the electricity consumption, the average value per capita is 5130 kWh/(y·inh.) and 
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value of 12,497 kWh/(y·inh.) in the province of Cremona (Q1 = 3492 kWh/(y·inh.); Q2 = 4839 
kWh/(y·inh.); Q3 = 6414 kWh/(y·inh.); CQD = 0.29). In 54.7% of Italian provinces, electricity 
consumption per capita is less than 5000 kWh/(y·inh.). Only 10.4% of Italian provinces has electricity 
consumption per capita above 7500 kWh/(y·inh.), as shown in Figure 4a. 

Even larger variations are observed in the case of electricity consumption computed on unit of 
provincial territory, as depicted in Figure 4b. The average value is 1.4 GWh/km2y, with the 
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minimum one in the province of Nuoro, equal to 0.1 GWh/km2y and the maximum in the province of 
Milan, equal to 11.1 GWh/km2y (Q1 = 0.5 GWh/km2y; Q2 = 0.8 GWh/km2y; Q3 = 1.5 GWh/km2y; CQD = 
0.55). From the calculation, it is noted that more than 30% of Italian provinces have an electricity 
consumption lower than 0.5 GWh/km2y, while, 11.3% of the sample overcomes 2.0 GWh/km2y. 

 
(a) 

 

(b) 

Figure 4. Distribution of electricity consumption: (a) per capita and (b) per unit of provincial surface. 

Referring to the last analysed variable, i.e., electricity production from RES, the average value 
per capita is 2526 kWh/(y·inh.) and varies between a minimum value of 152 kWh/(y·inh.) in the 
province of La Spezia and a maximum one of 24,351 kWh/(y·inh.) in the province of Sondrio (Q1 = 
819 kWh/(y·inh.); Q2 = 1528 kWh/(y·inh.); Q3 = 2695 kWh/(y·inh.); CQD = 0.53). In 50.0% of Italian 
provinces, electricity production from RES is less than 1500 kWh/(y·inh.), whereas 12.3% of Italian 
provinces produce renewable electricity in the amount 5000 kWh/(y·inh.). Figure 5a reports that 
distribution. 

On the right side of Figure 5, i.e., b side, the distribution of electricity production from RES per 
unit of provincial surface is presented. In this case, very limited variations are observed among the 
provinces. The average value is 0.3 GWh/km2y with a minimum in the province of La Spezia equal to 
0.04 GWh/km2y and the maximum in the province of Sondrio equal to 1.4 GWh/km2y (Q1 = 0.2 
GWh/km2y; Q2 = 0.3 GWh/km2y; Q3 = 0.4 GWh/km2y; CQD = 0.43). It is noteworthy that more than 
78% of the Italian provinces have a value lower than 0.5 GWh/km2y. Only two provinces, i.e., 
Sondrio and Pisa, show a value higher than 1.25 GWh/km2y, accounting for 1.9% of the sample. 
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(a) 

 
(b) 

Figure 5. Distribution of electricity production from RES: (a) per capita and (b) per unit of surface. 

4.1. Analysis of Correlations 

The results of the analysis carried out in the previous paragraph were used to search for 
correlations between the three analysed variables: soil consumption, electricity consumption and 
renewable electricity production. Using the Excel data analysis tool, a linear and a quadratic 
regressive analysis was performed in pairs, as summarized in Table 1. 

Table 1. Summary of the regressive analysis carried out. 

# Description  Parameter Regression Type R2 Values 
#1a 

Soil consumption  
versus  

Electricity consumption 

inhabitant 
linear 0.0474 

#1b quadratic 0.056 
#1c 

unit area 
linear 0.8310 

#1d quadratic 0.8572 
#2a 

Soil consumption  
versus  

Electricity production from RES  

inhabitant 
linear 0.1267 

#2b quadratic 0.1269 
#2c 

unit area 
linear 0.0128 

#2d quadratic 0.0224 
#3a 

Electricity consumption  
versus  

Electricity production from RES 

inhabitant 
linear 0.0134 

#3b quadratic 0.0174 
#3c 

unit area 
linear 0.0259 

#3d quadratic 0.0279 
#4a 

Soil consumption  
versus  

Electricity production from PV  

inhabitant 
linear 0.0013 

#4b quadratic 0.0193 
#4c 

unit area 
linear 0.0054 

#4d quadratic 0.002 
#5a 

Soil consumption  
versus  

non-RES electricity consumption 

inhabitant 
linear 0.0472 

#5b quadratic 0.0484 
#5c 

unit area 
linear 0.8237 

#5d quadratic 0.8464 

A derived variable, the non-RES electricity consumption, marked as #5a, #5b, #5c, #5d, was 
easily calculated by subtracting the third variable from the second one, i.e., electricity production 
from RES from the electricity consumption. Looking at the table, it is remarkable the correlation 
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between soil consumption per unit of surface and the electricity consumption per unit of surface 
(#1c, #1d). Similarly, there is a strong correlation between the soil consumption per unit area and the 
non-RES electricity consumption per unit area (#5c, #5d). For both cases, the quadratic regression 
shows a slightly higher correlation. However, linear regression is considered suitable for this study 
since it is the easiest approximation.  

Equations (3) and (4) report those correlations and are plotted in Figures 6 and 7, respectively. 
The electricity consumption per unit area CE, expressed by GWh/km2y, reads as follows: 

𝐶𝐶𝐶𝐶 =  26.642 ∙ 𝐶𝐶𝐶𝐶 −  1.1022 (3) 

where CS is the soil consumption per unit of surface expressed by km2/km2. 
Similarly, the non-RES electricity consumption per unit of surface CEnonRES, expressed by 

GWh/km2y, reads as: 

𝐶𝐶𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =  26.188 ∙ 𝐶𝐶𝐶𝐶 −  1.394 (4) 

 

Figure 6. Soil consumption versus electricity consumption per unit of surface. 

 
Figure 7. Soil consumption versus non-RES electricity consumption per unit of surface. 

In order to build the future scenarios, among the two identified correlations as depicted in 
Table 1 with the values in bold, the one between soil consumption and non-RES electricity 
consumption per unit of surface was chosen. Indeed, this correlation leads to simultaneously 
account for the effects of a variation of the overall electricity consumption for the above-mentioned 
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increasing electrification and energy efficiency measures as well as the further integration of new 
RES plants and their production. 

Then, the deviations from the regression line were analysed for the statistic sample. For 57.5% 
of the Italian provinces, the non-RES electricity consumption was higher than the regression line 
while, for the remaining 42.5%, it was lower, as shown in Figure 8. Great deviation, i.e., 0.5 
GWh/km2y in absolute value, was found for 17.9% and for 11.3% for low and high values, 
respectively. 

 

Figure 8. Distribution of statistic sample deviations from the regression line. 

4.2. Future Scenarios 

The future scenarios for the electricity sector projected by the current national policy to 2030 
and reported in Figure 2 consider a slight increase in electricity consumption, i.e., from 28.5 Mtoe in 
2017 to 29.0 Mtoe in 2030, together with a strong increase in the RES share of the electricty 
production.  

In the same interval, this latter variable goes from 34.1% to 55.4%.  
At the same time, looking at the soil consumption scenarios presented in Figure 1, the scenario 

#1 built to achieve a net zero land consumption in 2050 reports the value of 23,063 km2 and 23,590 
km2 in 2017 and 2030, respectively. Therefore, to be consistent with the outlined scenarios, Equation 
(4) was modified, and Equation (5) was elaborated, reading as: 

𝐶𝐶𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 =  25.8 ∙ 𝐶𝐶𝐶𝐶 −  1.604 (5) 

Figure 9 shows the statistical sample and the original and modified regression lines. This is 
done to check what deviations take place between the current situation and the foreseen one in the 
Italian provinces. As a consequence, a higher deviation between the statistic sample and the 
modified regression line accounting for a reduction in land consumption trend appears in Figure 10. 
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Figure 9. Soil consumption per unit area versus non-RES electricity consumption per unit of surface. 

 

Figure 10. Distribution of statistic sample deviation from the modified regression line. 

Considering the modified regression line and the soil consumption projected for 2030 by the 
policy documents for net zero land consumption in 2050: 

• The target at 2030 is already reached, with non-RES electricity consumption lower than the 
regression line. 

• The remaining land to be consumed should be almost entirely dedicated for the 73.6% of 
additional RES power plant installations. 

Indeed, for each province where additional power (∆Pprov,PV) should be installed to reach the 
renewable energy policy targets, Equation (6) provides the computational method. It is built 
accounting for the difference between the current situation and the regression line in terms of 
non-RES electricity consumption (∆CEnonRES) and the equivalent production hours of photovoltaic 
systems (heq,prov,PV) estimated by the National Energy Services Provider GSE [47]. 

∆𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝐹𝐹𝐹𝐹 =
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Figure 11 shows the statistical distribution of the additional PV power to be installed. It is noted 
that 26.4% of the provinces do not call for additional power. Looking at the minimum threshold to 
overcome for reaching the policy targets, 56.6% of the sample needs an additional power of less than 
300 kW/km2, while the cumulative frequency goes to 76.4% when the additional power value is less 
than 500 kW/km2. Only 8.5% of the Italian provinces require an additional power greater than 700 
kW/km2, such as 3156 kW/km2 and 3235 kW/km2 for the province of Pesaro and Padova, 
respectively. 

 

Figure 11. Distribution of photovoltaic (PV) additional power. 

Once the additional PV power to be installed for each province was computed, an estimation of 
the total area required for it was done. To do so, an average value of 19.8 m2/kW is used as the 
required surface for installed unit of power. 

Figure 12 depicts the distribution of the ratio between the additional land to be consumed for 
additional PV and the land already consumed. Including 26.4% of the provinces where no additional 
power is needed, for 52.8% of the Italian provinces, 6% of the surface already consumed is sufficient. 
The share rises to 70.8% considering all the provinces where less than 10% of the already consumed 
soil is needed for new PV installation. However, 4.7% of the Italian provinces call for an additional 
area of more than 30% of the already consumed soil required. This is the case of provinces of Siena 
with 33.6%, Padova with 33.7%, Sondrio with 35.4%, Isernia with 54.2% and with the remarkable 
peak of Pesaro with 90.4%. 
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Figure 12. Distribution of share of additional surfaces for PV to already consumed soil. 

This estimation does not take into account the real availability of those surfaces for new PV, but 
it computes their demand.  

Nevertheless, some preliminary indications can be drawn: 

• For those provinces where the required space is less than 10% of the consumed soil, it is likely 
that the targets can be reached by 2030 without resorting to new surfaces. 

• For those provinces where the additional required land exceeds 30% of the consumed soil, the 
achievement of the target by 2030 will certainly be difficult, with only the use of photovoltaic 
systems. 

In this latter case, in-depth studies should be conducted, aimed at a more detailed plan and at 
activating forms of subsidiarity between neighbouring provinces, together with using higher 
resolution investigation methods such as GIS. 

It is worth mentioning that in this study, reference was made only to PV systems to obtain an 
additional RES electricity production compared to the current production, not considering the 
potential of other RES present on the Italian territory: wind energy first, but also bioenergy, 
hydroelectric and geothermal. The limitation of the study is to highlight the unexploited potential of 
solar energy in a country with such huge solar irradiation.  

Electrification of the energy system will lead to increases in the gross final renewable energy 
consumption only if supported by energy efficiency measures. Soil is a relevant resource put at the 
back once the incentive schemes for RES started. The case was for extended areas covered by PV and 
subtracted by the agricultural sector.  

Moreover, priority to brownfield coverage, such as strong commitment for building integrated 
photovoltaics (BIPV), reveals a much larger number of surfaces to use without incurring soil 
consumption. 

5. Conclusions 

The European Community has defined its 2030 targets for greenhouse gas emissions, renewable 
sources and energy efficiency, with a vision of future development focused on sustainability. Facing 
the climate change posing the objectives of preserving the landscape, ensuring air quality and water 
bodies, safeguarding biodiversity and protecting the soil, the necessary interventions for increasing 
decarbonisation require infrastructures and systems with potential further environmental impacts. 
This is the case of additional RES plants’ installation. 
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In this context, the present study wanted to check the compatibility between all the 
aforementioned objectives with a focus between land consumption and renewable energy 
deployment. The case analysed was the solar energy deployment in Italy, at the provincial level. 

The topic of energy planning was tackled by the statistical analysis of three open databases 
provided by National Institutions. Comparing the trends and policy scenarios for soil consumption, 
electricity consumption and renewable electricity production correlations were investigated. Strong 
correlations were found between soil consumption and electricity consumption, both with reference 
to the overall second variable (R2 = 0.8310) and with reference only to its non-renewable part (R2 = 
0.8237). They were then used to evaluate the possibility of reaching the electricity production targets 
from RES to 2030, using only photovoltaic systems and exploiting areas already consumed. 

The obtained results show that in a large part of the Italian provinces (70.8%), the use of 10% of 
the soil already consumed could be sufficient to achieve the set objectives. However, they also show 
that for 4.7% of Italian provinces, the additional area useful for the installation of photovoltaic 
systems is more than 30% of the consumed soil, with two provinces even exceeding 50%. 

The obtained results, even though at higher resolution thanks to the introduction of geographic 
information systems (GIS), highlight a challenging achievement of both the targets in 2030 when a 
higher renewable energy share and a contemporary greater electrification are foreseen. 

The limitation to solar electricity is given by the lowest impact of new PV installation compared 
to the authorization process, where wind energy, bioenergy, hydro-electric or geothermal incur. 
Moreover, it is the current cheapest RES with the largest potential in a country at the latitude of Italy.  

Finally, the renewable energy share target for 2050 to be achieved together with a net zero 
further land consumption in the same year appears unlikely and very demanding, unless the 
brownfield will play a key role in energy strategy for the large deployment of building integrated 
photovoltaics. 

Author Contributions: The authors equally contributed to this paper. All authors have read and agreed to the 
published version of the manuscript. 
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Appendix A 

Through the Geoportal, ISPRA provides information derived from INSPIRE National 
Monitoring (INfrastructure for SPatial InfoRmation in Europe, Directive 2007/2/EC of the European 
Parliament and of the Council) and made available by Central and Regional Administrations and 
Research Institutes having environmental competences. Data on Italian environment status are 
available through searches based on INSPIRE metadata or by viewing them directly using the 
thematic Web Viewers (Generic Map Viewer, Land Use, Nature Viewer, Landslides Inventory, 
Italian Geological Service). 

The Land Use Viewer was used to visualize the data optimized for queries on indexes of Italian 
land use and land cover. Figure A1 shows an example of the map of the Province of Rome. 
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Figure A1. Soil consumption in the Province of Rome. 

Visualisation data are available in numerical files. Table A1 provides a summary of available 
databases with different resolutions (regional, provincial, municipal) and different years (2012, 2015, 
2017, 2018). 

Table A1. Summary of available databases in Geoportal ISPRA. 

Open Data Description Unit 
Consumed/Not consumed/Not classified soil  km2 

Consumed/Not consumed/Not classified soil in % of the administrative unit area % 
Increase of consumed soil in hectares km2 

Density of consumed soil over total area  m2/km2 
Consumed/Not consumed/Not classified soil in protected areas in hectares km2 

Consumed/Not consumed/Not classified soil in 150 m river buffer zones  km2, % 
Consumed/Not consumed soil in 300/300–1000/1000–10,000 m from shoreline km2, % 

Consumed/Not consumed soil in 0–300/300–600/over 600 m a.s.l. (Above See Level) km2, % 
Consumed/Not consumed soil in 0–10%/over 10% slope  km2, % 

Consumed/Not consumed soil in flood hazard zones km2, % 
Consumed/Not consumed soil in landslide hazard zones km2, % 

Consumed/Not consumed soil in high/very high seismic hazard zones km2, % 
Surface in/not in a 60/100/200 n buffer of consumed soil area km2, % 

Surface of Permanent Water Bodies km2 
Classification of municipalities centrality 

Classification of municipalities elevation  

Total administrative area km2 
Population   

Population density inh./km2 
Ratio of low-density urban area on urban area % 

Landscape metrics classification of urban areas 
Built-up (20 m)/(5 m) area in rural/urban areas km2, % 

Urban area km2, % 
Rural area % 

Low density/Compact urban area % 

Appendix B 
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Terna, the National TSO, provides a functional tool to check the collected data (demand, 
consumption, production, capacity) recorded (since 2000) by producers and distributors (Table A2). 

Table A2. Summary of available open databases. 

Open Data Description Unit Resolution 

Demand 

Electricity supplied TWh National/Regional 
Structure of electricity supplied 

(Bioenergy, Wind, Photovoltaic, Geothermal, 
Hydropower, Pumping, Thermal) 

TWh National/Regional 

Distribution of demand coverage TWh National/Regional 

Consumption 

Electricity consumption by sector TWh National/Regional 
Electricity consumption in the industrial sector TWh National/Regional 

Electricity consumption by market type  
(Self-consumption, Free market, Captive 

market) 
TWh National/Regional 

Consumption of electricity by type of activity TWh National/Regional/Provincial 

Production 

Gross Electricity production by source 
(Net/Gross) 

TWh National/Regional 

Gross Production from thermoelectric sections 
(Net/Gross) TWh National/Regional 

Renewable sources electricity production 
(Net/Gross) TWh National/Regional/Provincial 

Capacity 

Gross efficient power by source MW National/Regional 
Gross efficient power of thermoelectric sections MW National/Regional 

Gross efficient power of renewable energy 
plants (Bioenergy, Wind, Photovoltaic, 

Geothermal, Hydro) 
% National/Regional 
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