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giacimenti per realizzare gli obiettivi dell’accordo di Parigi?
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includes various GIS databases used to estimate the available rooftop
area, solar irradiance spatial data and statistical information of con-
sumption and prices at Member State-level. As described in section 3,
the most complex part of the developed methodology is the estimation
of the rooftop area. The harmonised geospatial datasets (items 1 to 5)
formed the basis for the spatial analysis and modelling the available
rooftop area for solar PV. The high-resolution solar irradiance data
(nr.6 in Table 1), provided detailed information of the expected PV
production of a given system over the analysed area. The country-level
statistical information on the current retail prices and total consump-
tion were used to assess the economic viability of the rooftop PV sys-
tems over EU.

The Appendix provides detailed information about the datasets to
enable reproducibility of the methodology.

4. Results

4.1. Technical and economic rooftop solar electricity potential

The described methodology systematically calculated the available
rooftop solar electricity potential for the full ◊m m100 100 raster across
the EU Member States. Fig. 6 shows the aggregated results for each of
the analysed countries. The column height indicates the total available
technical potential of rooftop solar PV systems. This is the expected
electricity output (GWh/year) if 100% of the suitable rooftop systems
were developed, independently of the cost. The di!erent colours of the
columns in Fig. 6 indicate the LCOE at which electricity is produced as
well as the proportion of each LCOE band (see the figure legend) in the
overall technical potential. The role of the solar irradiation incident per
country plays a major role and in the countries of south EU (Italy,
Spain, Portugal, Cyprus, Malta) where solar electricity can be produced
at 6–12 EURcent/kWh. This is mainly due to the high productivity of
PV systems (Fig. 4). France and Germany o!er significant opportunities

for production at a relatively low cost. Their large building stock and
the corresponding rooftop area result in a high technical potential
(>100 TWh/year for each country). Such a potential coupled with the
low cost of capital (Fig. 5a) allows the development of rooftop systems
under advantageous terms.

Fig. 7 provides a map with the technical potential of each country
and the total expected electricity output (GWh/year), if fully devel-
oped. Numbers in Fig. 7 show the share of the economic potential as a
proportion of the technical one for each country. They provide the
percentage of rooftop systems that are cost-competitive and produce
electricity at a lower cost than the latest available (2017) retail elec-
tricity prices in the analysed countries [49]. In that sense, national
retail electricity prices act as a reference for defining the economic
potential, making the assumption that the comparison of LCOE and
household electricity price defines the cost-competitive systems. De-
spite the limitations of such a simplification, retail electricity prices are,
to our knowledge, the best available indicator to assess the solar PV
systems’ competitiveness.

Specific countries such as Germany, France, Italy, Spain stand out in
the maps as they host the highest economic potential that translates to
more options for advantageous investments. Competitive LCOE in these
countries only partially comes from a favourable solar resource; lower
cost of finances (WACC) combined with higher retail electricity prices
are important cost-e"ciency drivers [49]. provides the 2017 prices for
Germany, Spain, Italy and France at 30.5, 23.0, 21.3 and 16.9 EURcent/
kWh, respectively [49]. Comparing these values to the output of the
developed model, it appears that PV-produced electricity is cheaper by
49%, 44%, 42% and 23%, respectively. Contrary to this case stand
countries of Eastern EU (Bulgaria, Hungary, Romania, Estonia) mainly
due to their low retail prices (9.5–12 EURcent/kWh).

The analysis points out that grid parity is not presently possible in
Eastern EU (Romania, Poland, Hungary, Czech Republic, Slovakia,
Croatia, Lithuania, Latvia, Estonia). This observation is surprising for

Table 1
Datasets used in the methodology and their source.

Name Acronym Type Year Description

1. European Settlement Map ESM raster data 2016 Spatial raster dataset that maps human settlements in Europe
2. European Urban Atlas EUA vector data 2012 High-resolution land cover map for urban areas >50 000 population
3. The CORINE Land Cover CLC raster data 2012 Inventory on land cover of the EU and other European countries
4. Reference digital cadastre PDOK vector data 2016 High-resolution, vector-based data for buildings in the Netherlands
5. Solar irradiance data CM SAF raster map 2016 Solar radiation estimates based on satellite images and re-analysis
6. Retail electricity prices Eurostat country statistics 2017 Average national price charged to medium size household including taxes and levies
7. Electricity consumption Eurostat country statistics info 2016 Annual final consumption of electrical energy per MS

Fig. 6. Technical potential of rooftop solar PV sys-
tems in each EU Member State expressed in GWh/
year. The colour of the columns shows what share of
the technical potential can be produced at each LCOE
band. (For interpretation of the references to colour
in this figure legend, the reader is referred to the
Web version of this article.)

K. Bódis, et al. 5HQHZDEOH�DQG�6XVWDLQDEOH�(QHUJ\�5HYLHZV������������������

�

countries having favourable solar resource (e.g. Romania, Croatia,
Bulgaria). The values in Fig. 8 show that solar irradiation is not the
primary factor in determining the economic competitiveness of rooftop
PV electricity. Neighbourhood countries with similar solar resources
have very di!erent economic potential. Between Netherlands and Bel-
gium, di!erences are clearly the result of retail prices since the WACC is
similar. Huge di!erences in the economic potential between Austria
and Hungary come from a combined e!ect. The similar technical po-
tential is reduced by Hungary's high cost of finance and low retail
electricity prices. An interesting di!erence is observed between Greece
and Bulgaria (Fig. 8), both having excellent solar resource. Despite the
high WACC in both countries, increased retail prices in Greece make PV
competitive. The opposite e!ect appears in Estonia where theWACC is
similar to that of Western Europe. However, low retail prices render PV
investment less attractive. The di!erent blocking factors obviously call
for di!erent policy options to increase rooftop PV competitiveness and
these are highlighted in the discussions section.

Table 2 provides aggregated country values of modelled rooftop
area available for PV deployment. It also includes values of the theo-
retic electricity output if the technical and economic potentials were
fully utilised. These values are compared to 2016 electricity consump-
tion values of each EU Member State (MS) clearly showing the im-
portant potential role of rooftop systems.

4.2. Potential share of rooftop PV in final electricity consumption

Fig. 8 shows the potential share in the countries’ final electricity
consumption if their economic potential is fully utilised. It is worth

Fig. 7. Technical electricity potential of rooftop PV in the current EU building stock and share (%) of the cost-competitive technical potential.

Fig. 8. Modelled rooftop solar PV share in the final electricity consumption
(2016 levels) with full exploitation of the economic potential for the assumed
WACC and retail electricity price values.
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The developed methodology estimates that almost
25% of current EU electricity consumption could be 
produced by rooftop systems (all PV-produced
electricity accounted for just 3.94% in 2016) 

A high-resolution geospatial assessment of the rooftop solar photovoltaic potential in the European Union 
https://doi.org/10.1016/j.rser.2019.109309 
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Ma davvero si può 
risparmiare

così tanto?



Un edificio del XX secolo



Un edificio del XXI secolo



Un edificio NZEB





Per un edificio monofamiliare nella zona climatica di Varese 
la ristrutturazione ottimale dal punto di vista dei costi 
porta a ridurre dell'85% i suoi consumi
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