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Among the strategic objectives of the 2021-2030 PEAP is the increase 
of renewable energy production: it is planned for 2030

of renewable energy used compared 
to 2016 (reaching 48.2%)

+13,4
%

The photovoltaic source is one of those on which PEAP focuses, both in 
terms of space availability and ease of installation.

How much power would we have if we covered all 
suitable areas in Trentino with photovoltaic panels? 

In order to respond to national regulations, having identified “suitable 
areas” that must allow us to install the power that is required of us, we 
asked ourselves the following questions:



The Fondazione Bruno Kessler, and in particular the 3DOM (3D 
Optical metrology) unit, was commissioned to compute the PV 
producibility by exploiting several geospatial data from the 
provincial database of the Province and AI solutions.

The objectives of the work were:

● to compute the solar irradiation (raster maps at 1 m 
resolution), taking into account close and geographic 
obstacles in the shadowing estimation (mountains, trees, 
buildings, chimneys)

● automatically identify the panels already installed;

● calculate the energy production and installable power 
on suitable surfaces 
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● Project scale: Trentino province ≈ 6200 sqkm and 166 municipalities

● Manage the huge amount of data

● Automatize data processing – large scale project

● Complex morphology: consider all the occlusions for computing the 
solar irradiation (multi-scalar approach)

Challenges:

Near objects (buildings, trees, chimneys, 
etc.)

Alpine territory - mountains
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to compute the solar 
irradiation

to select the suitable 
areas

to select the installed pv 
and recent buildings

PV project data
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Data Raster - DGP:
● LIDAR 2014 (and 2011)
● Ortophoto PAT 2015
● Ortophoto AGEA 2020

Solar irradiation raster maps of the 
entire Trentino (excluding some 
sparsely populated areas of the 
Dolomites) with a "clear-sky" 
assumption (1 m resolution)

INPUT

OUTPUT



7

Horizon calculation
GRASS r.horizon for the horizon maps using a combination of 
the DEM at 30m resolution and the DSM from the 2014 Lidar 
flight at 1 m

Solar irradiation calculation
GRASS GIS r.sun for irradiation maps using input 
horizon maps and DSM from Lidar flight 2014 at 1 
m
● 9 million global irradiation maps for each DSM 

tile (500x500m) for each day of the year with 
clear-sky assumption

● aggregated on a monthly (cumulative daily 
averages) and annual basis (sum of cumulative 
monthly values)

● grouping by municipality

Horizon map
1-30 m

Solar irradiation extimation



Selection of eligible areas

SUITABLE AREAS

a) areas for infrastructure services and landfills;
b) industrial-craft productive areas;
c) mixed commercial, tertiary and productive areas
d) actual mining areas and quarries;
e) sites yet to be reclaimed of national interest [...] and 

identified sites of local interest;
f) uncontrolled and reclaimed landfills [...];
g) service areas for mobility
h) existing roads or roads to be upgraded;
i) parking areas

Legge Provinciale 2 
maggio 2022 n. 4 



● Automatic detection with AI solution of the installed panels 
(orthophotos)

● Iterative procedure for improving the neural network
● Generation of vector data/masks to subtract to the suitable 

areas

DATA INPUT
a) PAT orthophoto, 2015, with 20 cm resolution;
b) AGEA orthophoto, 2020, with 20 cm resolution.

OUTPUT: 
vector masks for the recalculation of irradiation on free-coverage 
areas only

Installed PV panels identification



BUILDINGS
All the roofs of the buildings identified by the 2015 and 2020 orthophotos have 
been counted, minus the panels already installed.

A new vector shape 'buildings 2020' was created by integrating the previous 
map with the existing buildings as of 2020 but without the listed buildings.

New buildings identification



Correction Factors

A correction factor calculated for each municipality, which ranges between 0.2 and 
0.79 and takes into account the cloudiness data to be applied to the clear sky 
values.

kc
(clear sky index)

Amount of areas considered really available for new panels installation on the 
rooftops after adding some installation constraints (low solar irradiation, distance 
from the building borders, etc.)

60% of surfaces

Based on available scientific reports on the efficiency of photovoltaic panels, an 
average value of 80% was chosen. A standard value of 1000 kWh/kWp was 
considered as the producibility value, although we verified from GSE data that the 
average producibility is around 1050 kWh/kWp.

Pv performance

Model assumptions

horizontal and adherent to the surfacePv panel location

Input data LiDAR flight 2014 with obstacles (such as trees, artefacts and 
structures) that could create shadows on the groundShading



Calculation method

Solar irradiation [kWh/sq m].

The amount of solar energy hitting the surfaces. 
Monthly and yearly values per municipality are 
provided

Productivity [kWh/sq m]

Producible energy calculated as:

E=A*r*H*Pr

A= total panel area
r= panel efficiency (20%)
H= global irradiation
Pr= performance ratio (80%)

Nominal Power:

Power of a photovoltaic system that can be installed:

Pn= r*A*Gstc

Gstc= irradiation under standard conditions (1000 W/sqm)

Energy yield [kWh/kW] Y= Pr*H

Electricity production [kWh]   E*= Pn* Y



SUITABLE AREA IN TRENTINO

TOTAL
(ROOFS AND 

ELIGIBLE AREAS)

ROOFS ELIGIBLE AREAS AREAS WITH 
INSTALLED PLANTS

m2 80.301.324,50 38.657.174,76 50.891.107,00 1.111.530,00

km2 80,30 38,66 50,89 1,11

Surface of suitable areas in Trentino

To succeed in meeting the target, we will need to install the same area of panels 
each year until 2030 as we do today;



Total potential power in Trentino

TOTAL ROOFS ELIGIBLE AREAS

Pn [GWh] Pn [GWh] Pn [GWh]

kW 9.502.775,34

7884,51

4.505.477,37

3869,79

6.047.105,40

4817,29MW 9.502,78 4.505,48 6.047,11

GW 9,50 4,51 6,05

With the identified areas we would have about 10 times the power we need. Taking into 
account the simplifications and the fact that not all areas are immediately usable, the 
figure allows us to be confident that we can achieve the goal.



Results for Municipalities (TABELLA)

https://docs.google.com/spreadsheets/d/1VBpJje1BvTcEbQ_yZfGl9BnDsDk6nRCl/edit?usp=sharing&ouid=116504409652185911082&rtpof=true&sd=true


3 MUNICIPALITIES WITH HIGHER POTENTIAL POWER 

COMUNE solar 
irradiation
[kWh/m2]

Production
[kWh/m2]

Area
[m2]

Pn [kW] Performance 
[kWh/kW]

[MWh]

TRENTO 1.170,48 187,28 4.701.464 550.094,82 936,38 515.098,75

ROVERETO 1.103,02 176,48 3.965.451 469.098,12 882,42 413.940,20

PREDAIA 995,08 159,21 2.428.056 287.963,88 796,06 229.237,83

3 MUNICIPALITIES WITH LOWEST POTENTIAL POWER

COMUNE Irraggiame
nto Solare
[kWh/m2]V

Producibili
tà
[kWh/m2]

Area
[m2]

Potenza 
Nominale 
[kW]

Resa 
Energetica 
[kWh/kW]

Produzione 
Elettricità
[MWh]

MASSIMENO 914,30 146,29 21.107 2.526,72 731,44 1,85

SAGRON MIS 862,50 138,00 32.288 3.851,28 690,00 2,66

CAVIZZANA 899,97 144,00 37.750 4.517,40 719,98 3,25

Visualization of results
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www.webgis.provincia.tn.it

Map on public WEBGIS

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94


20

Map on public WEBGIS

irradiation map

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

suitable areas

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94


22

Map on public WEBGIS

not suitable areas
buildings
direct cultural constraints
indirect cultural constraints

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

“drawing on map” tool

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

Line

draw a shapegeometrical results

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

energetical result

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

activating other layers

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

hazard map 

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94
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Map on public WEBGIS

landscape constraints 

https://webgis.provincia.tn.it/wgt/?lang=it&topic=19&bgLayer=orto2015&layers=ammcom&layers_visibility=false&X=5112932.25&Y=674063.69&zoom=2&catalogNodes=94


CONCLUSIONS

Even considering some simplifications, the Province of Trento (with the areas and suitable 
areas already identified with a theoretical 9.5 GW of power) proved to fulfill the energy 
production requirements from renewable sources, presumably meeting the objectives of the 
PNIEC without the need to add further areas.

Making the results of this unique analysis in Italy available in the public webgis helps:

● citizens to identify the potential production of their building stock;
● technicians to compare irradiation values, to support the planning and the identification of 

constraints for the installation of solar energy systems;
● the municipalities to support the development of punctual energy policies;  
● the provincial services that, through overlapping layers, can immediately identify areas 

subject to Integrated Energy Authorisation 



Thank you!
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