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ABSTRACT 

The main aim of this paper is to present an easy to use methodology for assessing the potential amount of electricity or 
thermal energy production in urban areas located in natural protected sites. The methodology is based on two different 
steps: a territorial analysis for the evaluation of solar radiation and usable surfaces for photovoltaic or solar thermal 
plant, and a plant analysis for highlighting those photovoltaic and solar thermal technologies which installation will not 
generate significant impacts in areas characterized by high environmental and landscaping value. The methodology was 
successfully applied in two case studies inside two different Italian natural protected areas. The obtained results were 
provided to local administrations and communities as a useful tool for sustainable energy planning. 
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Sustainable Energy Balance 

1. Introduction 

Urban areas, representing the most energy consuming 
systems [1,2], have been identified as the focal point for 
apply the sustainable energy targets set by major interna- 
tional agreements [3] and European policies, such as Ho- 
rizon 2020 (the EU Framework Programme for Research 
and Innovation) [4], the Strategic Energy Technology 
Plan (SET Plan), the Smart Cities and Communities— 
European innovation partnership, and the Covenant of 
Mayors, which are nowadays the most relevant European 
initiatives supporting the principles of smart cities. 

Sustainable energy management within urban agglom- 
erates is unanimously considered one of the crucial ele- 
ments for achieving a continuous improvement of energy 
efficiency during the following years. Moreover, accord- 
ing to the last European directives, new targets have been 
defined for increasing the percentage of energy produc- 
tion from renewable energy sources, trying to approach 
the zero-carbon goal. 

On the other hand, each renewable energy sources has 
its own constraints and potential impacts, which in many 
cases limit or reduce its application in urban areas or in 
the middle of a natural protected area, characterized by 
high interrelation of human and natural factors. 

Consequentially, urban areas inside protected sites can 

be considered as places where the use of renewable en- 
ergy sources is at the same time advised and difficult to 
achieve. 

In the light of these short considerations, this paper 
describes a methodology for the assessment of potential 
solar energy contribution, in order to optimize sustain- 
able energy balance of urban areas in protected sites. 

The research work briefly described in this paper come 
from SoURCE “Sustainable Urban Cells” Bilateral Pro- 
ject of the Executive Programme on Scientific and Tech- 
nological Cooperation between the Republic of Italy and 
the Kingdom of Sweden for the years 2010-2013. 

SoURCE project is carried out by CITERA (Centro 
Interdisciplinare Territorio Edilizia Restauro Ambiente— 
Interdisciplinary Centre for Housing, Heritage and Envi- 
ronment), Sapienza University, jointly with the Royal 
Institute of Technology of Stockholm (School of Archi- 
tecture and Built Environment, Department of Urban 
Planning & Environment). 

In particular, among the various topics covered by 
SoURCE project, this paper highlights the results ob- 
tained in the field of solar energy use in urban areas. 

Therefore, in order to optimize the energy balance of 
urban areas, the output of this paper should be considered 
together with the other topics and methodologies elabo- 
rated during the project, regarding above all the reduction 
of energy consumptions using innovative technologies *Corresponding author. 
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integrated into the built form as well as the assessment of 
the potential use of other renewable energy sources [5]. 

2. Methods 

This paragraph aims to describe an easy to use method- 
ology for assessing solar energy amount of urban areas in 
natural protected sites, highlighting those strategies able 
to minimize environmental and landscaping impacts on 
the surrounding zone. 

The methodology foresees that each data gathered ac- 
cording with the methods described in the following sub- 
paragraphs, must be recorded in a GIS (Geographic In- 
formation index) software for the elaboration of a local 
database, in order to collect the obtained results in a da- 
tabase containing queried digital maps. 

2.1. Territorial Analysis 

In order to assess the potential use of solar energy source, 
the first step was to evaluate solar radiation data of the 
analyzed area, considering solar radiation on the hori- 
zontal plan (kWh/m2). This first energy amount does not 
depend on the human interventions realized in the area 
(e.g. buildings, facilities), and corresponds to its maxi- 
mum potentially exploitable solar energy source on the 
base of the particular climatic and geographical condi- 
tions of that zone. 

The second step involves a detailed territorial analysis 
for the identification of all the surfaces where it will be 
possible to install photovoltaic plants, considering pre- 
ferentially the one integrated in the top of the buildings, 
gathering for each roof the approximate angle of slope 
and the cardinal point where it is facing. In addition, the 
usable surface of each roof is calculated using GIS soft- 
ware and satellite photographs. 

This calculation must not include surfaces on the top 
of the buildings under a particular constraint or condition 
which makes unfeasible the installation of any photo- 
voltaic cell or thermal plant, such as roofs of churches or 
other historical buildings. 

Moreover, should be considered any surface on the 
ground where it will be possible to install a photovoltaic 
plant, discarding all the areas shaded or subjected to 
landscaping or environmental constraints. 

Is it now possible to quantify the usable surface for a 
possible installation of thermal or photovoltaic plants of 
any analyzed area. 

This usable surface is usually under the 1% of the 
whole analyzed area in sites with high environmental or 
landscaping value such as National or Regional Parks. 

2.2. Plant Types Choice 

Starting from these two data obtained from the territorial 
analysis (solar radiation and m2 of usable surface for so- 

lar plants), it will be possible to evaluate the potential 
amount of electricity or thermal energy production on the 
analyzed area using photovoltaic or solar thermal plants. 

Obviously this final electricity or thermal energy 
amount will change according with the selected photo- 
voltaic or thermal plant technologies. 

On the other hand, as mentioned in the introduction, 
the plant choice should be pondered considering also the 
potential impact which a photovoltaic and a thermal plant 
could generate in terms of landscaping or environmental 
alterations. Therefore, answering a specific request of the 
Italian Ministry for the Environment Land and Sea Pro- 
tection for increasing energy sustainability of urban areas 
inside natural protected sites, DIAEE Department of Sa- 
pienza University elaborated an ad hoc methodology to 
quantify the environmental impacts of any different plant 
typologies, in order to provide the Ministry with clear 
guidelines for developing innovative methods and strate- 
gies to bring energy sustainability and environmental 
quality into protected areas. 

Consequentially DIAEE drew up a technical data sheet 
for each photovoltaic and solar thermal technology, as 
well as for other renewable energy sources, in order to 
evaluate, by means of special equations and matrices [6], 
the applicability of each technology in natural protected 
area.  

Figure 1 shows as example the technical data sheet for 
a photovoltaic plant grid connected with amorphous sili- 
con modules of low/medium power. 

At this step, considering the average data came out 
from the analysis of all the acceptable photovoltaic and 
solar thermal technologies, is it easily possible to assess 
the potential electricity or thermal energy production in 
any analyzed area [7]. 

In particolar, the potential electricity or thermal energy 
production of an analyzed area (kWh/year) is obtained 
multiplying the usable surface for plants (m2) for the av- 
erage photovoltaic or thermal energy productivity in the 
same area (kWh/m2 year), that obviously depends on the 
solar radiation value of the zone. 

Before this last step, we need to choose which per- 
centage of usable surface we would devote to photo- 
voltaic plants and which percentage we would devote to 
solar thermal plants. 

This choice could be made taking into account the 
availability of other renewable energy sources in the sur 
rounding area, such as biomasses (thermal energy) or 
significant wind regime for micro wind energy plants 
(electricity).  

This because the overall objective is to achieve a com- 
plete energy autonomy of small cities inside natural pro- 
tected area, using renewable energy sources, smart grids 
as well as strategies and technologies for minimizing 
nergy consumptions. e 
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Figure 1. Technical data sheet for a photovoltaic plant grid connected with amorphous silicon modules of low/medium power. 
 
3. Results 3.1. The Case Study of Trevignano Romano in  

Bracciano-Martignano Regional Park 
The methodology described in the above paragraph has 
been applied in two pilot Italian urban areas (Trevignano 
Romano and Sabaudia) in order to test its real feasibility. 

The urban area of Trevignano Romano, inside the Re- 
gional Park of Bracciano-Martignano, was subdivided 
into four urban cells where the above mention method- 
ology was applied for the assessment of potential solar 
energy use. 

During these case studies, the analyzed urban areas 
have been reshaped using SoURCE approach [8], trough 
the identification of a minimum core of the larger city’s 
model, conventionally called “urban cell”. Moreover, some practical solutions and strategies able 

to influence the environmental performance of building 
were pinpointed starting from an analysis of service 
building and facilities [9]. 

Moreover, it was decided to assess a final sustainable 
energy balance between energy production from solar 
source and energy consumptions. Therefore the electric- 
ity and heating expenditures of these areas were assessed, 
and were consequentially identified some interventions 
and technologies for the reduction of these consumptions, 
such as the replace of the casing of windows and energy 
retrofit of HVAC (Heating, Ventilation and Air Condi- 
tioning).  

Table 1 summarize the usable surface for solar energy 
plants in the four urban cells of Trevignano Romano, 
Table 2 presents the potential electricity using these sur- 
faces only for photovoltaic plants, and Table 3 shows the 
resulting energy balance. 

3.2. The Case Study of Sabaudia in Circeo  
National Park 

Figures 2 and 3 show respectively a spatial represen- 
tation of thermal and electric consumption data collected 
in a urban cell of Trevignano Romano. The results obtained in the case study of Sabaudia shows  
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Figure 2. Electric consumptions estimation in an urban cell 
of Trevignano Romano. 
 

 

Figure 3. Thermal consumptions estimation in an urban cell 
of Trevignano Romano. 
 
Table 1. Usable surface for solar energy plants in the four 
urban cells of Trevignano Romano. 

Urban 
Cells 

South 
facing 
(m2) 

South-East 
facing (m2) 

South-West 
facing (m2) 

East  
facing 
(m2) 

West 
facing 
(m2) 

1 4120 2984 2662 2160 2294 

2 5254 3173 9318 2583 2622 

3 2101 4147 9248 2866 2758 

4 0 0 0 0 0 

Total 11,475 10,304 21,229 7608 7674 

 
Table 2. Potential electricity produced by photovoltaic 
plants in the four urban cells of Trevignano Romano. 

Potential electricity produced by photovoltaic plants (kWh/year) 

Urban 
Cells 

South  
facing 

South-East 
facing 

South-West 
facing 

East 
facing

West 
facing

1 529,845 364,000 322,949 224,611 236,299

2 675,624 387,146 1,130,331 268,581 270,067

3 270,177 505,932 1,121,801 298,086 284,048

4 0 0 0 0 0 

Total 1,475,645 1,257,078 2,575,081 791,278 790,414

 
that this territory is suitable for four ground photovoltaic 
systems of great power.  

Therefore, it was hypothesized only 1 kW of photo- 
voltaic in each useful roof of residential building. On the 

other hand, it was hypothesized a 4.2 m2 solar thermal 
system on each roof of the villas.  

Table 4 shows the usable surfaces devoted to photo- 
voltaic and solar thermal plants in the ten urban cells of 
Sabaudia, while Table 5 represents their final energy 
balance. 

4. Conclusions 

These results could be integrated with similar analysis 
for other typologies of renewable energy source. Conse- 
quentially it is possible to assess an optimized energy 
balance for a selected urban area, evaluating the potential 
reduction of energy expenditures and CO2 emissions. 
Lastly, the obtained amounts of electricity and thermal 
energy production from solar source in each analyzed 
area represent useful results to disseminate to local ad- 
ministrations for helping them in the planning of energy 
management in their territories. 
 
Table 3. Energy balance in the four urban cells of Tre-
vignano Romano. 

 
Present  

consumptionsa
Reduced  

consumptionsa 
Solar  

energya 
Energy  

Balancea 

Urban 
Cells

Tb Ec Tb Ec Tb Ec Tb Ec

1 −13,685 −6000 −9200 −5600 2806 0 −6394 −5600

2 −3680 −2000 −2875 −1700 853 1677 −2022 −23

3 −10,350 −4200 −7475 −3600 0 2731 −7475 −869

4 −7130 −3200 −5405 −3000 0 2480 −5405 −520

Total −34,845 −15,400 −24,955 −13,900 3659 6888 −21,296 −7012

aMWh/year. bT: Thermal energy. cE: Electricity. 

 
Table 4. usable surfaces devoted to photovoltaic and solar 
thermal plants in the ten urban cells of Sabaudia. 

Urban 
Cells 

Surface devoted to PV 
plants (m2) 

Surface devoted to Solar 
thermal plant (m2) 

1 3460 8 

2 2110 260 

3 4250 1624 

4 7330 2692 

5 2360 944 

6 10,150 2316 

7 8820 3508 

8 6270 2508 

9 7690 2588 

10 3520 1408 

Total 55,960 17,856 
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Table 5. Energy balance in the ten urban cells of Sabaudia. 

 Present consumptionsa Reduced consumptionsa Solar energya Energy Balancea 

Urban Cells Tb Ec Tb Ec Tb Ec Tb Ec 

1 −15,021 −10,216 −10,513 −9092 4 380 −10,509 −8712 

2 −9006 −5152 −6575 −4585 130 232 −6445 −4353 

3 −11,244 −5561 −8433 −4949 812 467 −7621 −4482 

4 −24,077 −16,835 −18,057 −14,983 1346 806 −16,711 −14,177 

5 −5812 −3147 −4476 −2800 472 259 −4004 −2541 

6 −6318 −2484 −4675 −2211 1158 1286 −3517 −925 

7 −21,175 −9180 −15,458 −8170 1754 970 −13,704 −7200 

8 −14,165 −6893 −11,331 −6135 1254 689 −10,077 −5446 

9 −17,801 −10,201 −13,707 −9079 1294 1736 −12,413 −7343 

10 −9653 −3835 −6950 −3413 704 387 −6246 −3026 

Total −134,272 −73,504 −100,175 −65,417 8928 7212 −91,247 −58,205 

aMWh/year. bT: Thermal energy. cE: Electricity. 

 
This approach was successfully realized with Trevig- 

nano Romano Municipalities during and after the elabo- 
ration of the case study, providing decision makers and 
local assessors with the elaborated GIS database of their 
jurisdiction area. 
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