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Abstract

This paper gives an overview of the status of implementation of photovoltaic

(PV) systems among 34 member countries involved in the COST Action PEARL PV in

the year 2018. Besides this, influencing factors that have an impact on the implemen-

tation of PV systems in each country have been assessed. The implementation of PV

systems varies in European countries due to differences in solar irradiation and

weather conditions, electricity consumption, national economic situation, and gov-

ernmental approaches to promote PV. For this paper, data sets covering, among

others, numbers installed PV systems, and the variables mentioned above, were col-

lected, processed, and synchronized. Subsequently, relations between data were ana-

lyzed by geographic mapping and mutual correlations. The 34 countries evaluated

produced together 120 TWh of PV electricity in 2018. It was notable that Germany

produced the highest amount (45 TWh) and has the highest share (8.4%) of PV in its

electricity generation. Weak correlations were found between the different variables

and the gross domestic product, annual global irradiation, number of subsidy

schemes, cumulative installed capacity, annual electricity generated by PV, the share

of RE, and share of PV. Logically, as expected, strong correlations (R2 = 0.9) were

found between the number of inhabitants and the annual electricity production and

consumption. From our analysis, we conclude that four different groups of countries

can be identified to categorize the usability of PV. One type covers countries with a

significant unused PV potential while local–global irradiation is redundantly available,

such as Turkey, Spain, Cyprus, Portugal, and Israel.
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electricity, PV share, PV systems, PV targets, subsidy schemes

1 | INTRODUCTION

Different countries across the EU have different potentials for solar

photovoltaic (PV) power due to different solar irradiation and weather

conditions, electricity consumption and production, countries'

economic situation, and their policies to promote PV (different acts,

laws, taxes, and support schemes). However, so far, a good overview

of these differences is not available; therefore, the objective of this

paper is to provide a detailed overview of the implementation status

of PV systems in countries in Europe. For our study, the members of
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COST Action PEARL PV were approached resulting in this list of

34 participating countries: Albania, Austria, Belgium, Bosnia and

Herzegovina, Bulgaria, Croatia, Cyprus, Denmark, Estonia, France,

Germany, Greece, Hungary, Ireland, Israel, Italy, Lithuania,

Luxembourg, Malta, Montenegro, the Netherlands, North Macedonia,

Norway, Poland, Portugal, Romania, Serbia, Slovenia, Spain,

Switzerland, Turkey, United Kingdom, Latvia, and Moldova; see

Figure 1A. Further, in this paper, the impact of the different parame-

ters, such as solar irradiation, gross domestic product (GDP), energy

consumption rate per capita, and number of inhabitants, on the imple-

mentation of PV systems will be investigated. In Section 2, the

method used for this research will be presented. Thereafter, in

Section 3, the results and findings will be presented with elaborated

analysis. Finally, in Section 4, the conclusions of this research will be

presented.

The reason for the execution of this study in the context of COST

Action PEARL PV is based on the fact that so far, no other organiza-

tion has done this. Namely, in recent years, the status of PV imple-

mentation in different countries has been reported excellently by

several agencies like, among others, the International Energy Agency

(IEA) in particular within its Photovoltaic Power Systems Programme

(PVPS),1 the European Technology and Innovation Platform for Photo-

voltaics (ETIP PV),2 the Joint Research Centre of the European Com-

mission (JCR),3 and International Renewable Energy Agency (IRENA).4

However, the detailed PV status of almost all European countries has

not yet been published in a report5 or paper. For instance, reports like

“Snapshot of global PV Markets,”6,7 “Trends reports (Trends in PV

Applications),”8 and the “National Survey Reports”9 by the IEA PVPS

cover only countries that are a member of the IEA PVPS. Out of

50 countries in Europe, only 13 are participating in the reports of the

IEA PVPS (Figure 1B), while 34 countries, which are a member of

COST Action PEARL PV, participated in this study. Further, ETIP PV

publishes since 2015 reports and white papers,10–12 none of which

are covering the status of PV in various countries in Europe. Since

2007, the JRC publishes nearly every year a PV Status Report13–17 in

which an overview is given of current trends in manufacturing, instal-

lations, and markets in Europe, Asia, and the Pacific Region, Americas,

Africa, Russia, and Turkey. Furthermore, IRENA yearly publishes

renewable energy reports (yearbook) which contain statistics of more

than 130 countries.18–21 These reports focus not only on PV systems

but on multiple other renewable energy technologies. Also, these data

sets do not contain information about national policies.

2 | METHOD

To collect data for our study, firstly, a questionnaire was compiled and

sent to all member countries of COST Action PEARL PV requesting

information regarding the following topics (Appendix B) for the year

2018,

• general country information, such as area, population, and GDP;

• climate data, such as average irradiation, temperature, and wind

speed;

• energy consumption and energy production data; and

• the nominal installed capacity of PV systems and electricity genera-

tion by PV systems.

Data have been collected from 34 member countries from

February 2019 until September 2020. The majority of the 34 partici-

pating countries (Figure 1) could provide detailed data on the

requested information, except for Latvia and Moldova.

During the data collection process, continuous rounds for check-

ing of data and discussions about the sources of data took place

between the representative countries and authors to improve and

standardize (or synchronize) the data set as far as possible, given the

data available and their existing formats. The table in Appendix A

shows the available and unavailable data for each country. Overall,

the data supply has been satisfactory but could be improved in the

future regarding some points that will be briefly addressed here.

It appeared to be rather challenging to collect complete data sets

on the nominal installed PV capacity in all countries. This resulted in a

certain level of inhomogeneity of data supplied by various countries.

This can be partially explained by the different sources from which

and the purposes for which these data were curated. Namely, data on

solar PV capacity are administrated by governmental agencies or

F IGURE 1 (A) Map with countries
taking part in COST Action PEARL PV
by December 2020, indicated in
purple. Not shown on this map, but
participating in this study, is Israel,
and not shown on this map and also
not participating in this study, but a
member of COST Action PEARL PV
are Armenia, the United States, and

Australia. (B) Countries on the
European continent that are a
member of the IEA PVPS and Turkey
(also in IEA PVPS), indicated in green
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subregional organizations that collect such data. As such, the availabil-

ity of these data in various countries depends on the presence of

these administrative entities and the ease of access to these data.

From the obtained data, maps were created with Python programming

language and Geopandas library. More in-depth analyses were carried

out using derived variables for annual electricity production per

capita, Ecap in (kWh/cap), and the total annual electricity generated by

PV systems per capita, EPVcap in (kWh/cap).

Ecap ¼ Eproduced kWhð Þ
I

, ð1Þ

where Eproduced is the electrical energy production in (kWh) and

I stands for the number of inhabitants.

EPVcap ¼ EPVproduced kWhð Þ
I

, ð2Þ

where EPVproduced is the electrical energy produced by PV systems in

(kWh) and I stands for the number of inhabitants.

Further, the ratio of total annual PV electricity generated to

cumulative installed PV capacity (R1 [in %]) and the ratio of total

annual PV electricity generated to total annual electricity consumption

(R2 [in %]) are calculated.

R1 ¼ EPVproduced MWhð Þ
PPV-cum MWð Þ , ð3Þ

where EPVproduced is the electrical energy produced by PV systems

(in MWh) and PPV-cum stands for cumulative installed PV capacity

(in MW).

R2 ¼ EPVproduced MWhð Þ
Econsumed MWhð Þ , ð4Þ

where EPVproduced is the electrical energy produced by PV systems

(in MWh) and Econsumed stands for total annual electricity consumption

(in MWh).

Regression analysis is a statistical technique which can be used

to investigate and model the relationship between variables. For

this study, the correlation between the different variables (inhabi-

tants, GDP, irradiation, electricity consumption, electricity produc-

tion, cumulative installed PV capacity, electricity generated by PV

systems, share of RE, share of PV, RE targets, and the number of

subsidy schemes) has been evaluated with regression analysis. The

different regression methods which have been used for the analy-

sis were:

• Linear regression22

In linear regression, the relationship between two correlated vari-

ables (y, xÞ is modeled using the linear predictor function. x is the inde-

pendent variable and is also called the predictor or regressor variable.

y is the dependent variable and is also called the response variable.

The parameters of this model (α, βÞ are calculated using the dataset. ε

is a disturbance term or error variable which adds noise to the model.

The error can be the effects of other variables, for example, measure-

ment errors. The equation for the linear regression model is

y¼ αxþβþε: ð5Þ

• Logarithmic regression

In logarithmic regression, the relationship between two correlated

variables (y, xÞ is modeled using a logarithmic function. In this type of

regression, the growth or decay of a particular situation which accel-

erates rapidly at first and then slows over time is modeled. x is the

independent variable and is also called the predictor or regressor vari-

able. y is the dependent variable and is also called the response vari-

able. The parameters of this model (α, βÞ are calculated using the

dataset. ε is a disturbance term or error variable which adds noise to

the model. The equation for the logarithmic regression model is

y¼ α ln xð Þþβþ ε: ð6Þ

• Polynomial regression

In polynomial regression, the relationship between two correlated

variables (y, xÞ is modeled using an nth degree polynomial function.

This type of regression is a special case of multiple linear regression

and is used to fit a nonlinear relationship between the variables x and

y. x is the independent variable and is also called the predictor or

regressor variable. y is the dependent variable and is also called the

response variable. The parameters of this model (α, βÞ are calculated

using the dataset. ε is a disturbance term or error variable which adds

noise to the model. Different orders of this type of regression are pos-

sible, for example, second-order polynomial regression (Equation 7)

and third-order polynomial regression (Equation 8).

The equations for the second- and third-order polynomial regres-

sion models are presented in Equations (7) and (8), respectively:

y¼ αx2þβxþ γþε, ð7Þ

y¼ αx3þβx2þ γxþλþ ε: ð8Þ

3 | RESULTS

3.1 | Geographic mapping

In this section, an overview of the data collected will be presented in

a geographic context. As such, a part of the data collection results for

2018 will be presented in the following maps:

RAGHOEBARSING ET AL. 115
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1. Total annual electricity production, see Figure 2A.

2. Electricity production per capita, see Figure 2B.

3. Total annual electricity consumption, see Figure 2C.

4. Yearly global horizontal irradiation, see Figure 2D.

5. Total cumulative installed PV capacity, see Figure 3A.

6. Total annual electricity generated by the PV systems, see

Figure 3B.

7. PV production per capita, see Figure 4.

3.1.1 | Total annual electricity production

Figure 2A shows the total amount of annual electricity produced by

each country in this study in 2018. From this figure, it can be seen

that Germany (547.9 TWh) and France (548.8 TWh) produced the

highest amount of electricity, 34% (17% each) of the total electricity

of all the countries contributing to this paper, followed by Italy and

Turkey. The total electricity produced in all the countries mentioned

in this paper was 3165 TWh in 2018 (however, please notice that

data from Spain are lacking in this number). Malta produced

1.96 TWh, which was the lowest annual electricity production com-

pared to the other countries. The average electricity production of all

countries involved was 99 TWh.

3.1.2 | Electricity production per capita

Figure 2B shows the annual electricity production per person. Norway

has the highest annual electricity production per capita (27,436 kWh/

F IGURE 2 (A) Total annual
electricity production: Eprod, tot
(MWh/year) (2018). Note: No data
available from Spain. (B) Annual
electricity production per capita
(kWh/capita) (2018). Note: No data
available from Spain. (C) Total annual
electricity consumption: Econ, tot
(MWh/year) (2018). Note: No data

available from Montenegro. (D) Yearly
global irradiation (kWh/m2/year)

F IGURE 3 (A) Total cumulative
installed PV capacity (MWp) (2018).
Note: No data available from Malta

and Montenegro. (B) Total annual
electricity generated by PV systems
(MWh/year) (2018). Note: No data
available from Bosnia and
Herzegovina, Ireland, and Poland

116 RAGHOEBARSING ET AL.

 1099159x, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pip.3613 by U

niversity O
f T

w
ente Finance D

epartm
ent, W

iley O
nline L

ibrary on [25/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



capita), followed by Estonia (10,618 kWh/capita) and France

(8094 kWh/capita). Norway exports about 15% of its electricity gen-

eration and the electricity generation rely heavily on hydropower

(about 95%). The average production of the member countries is

5700 kWh/capita electricity.

3.1.3 | Total annual electricity consumption

The total annual electricity consumed (2018) by each country in this

report is presented in Figure 2C. Germany had the highest annual

electricity consumption (584.4 TWh), followed by France, the

United Kingdom, and Italy. The annual electricity consumption of

Germany is 36.5 TWh, higher than the annual electricity production,

due to electricity import. This is also the case in other countries like

the United Kingdom, Poland, Italy, and Hungary. The total annual elec-

tricity consumption of all the countries mentioned in this paper was

3405 TWh (no data of Montenegro) in 2018. The average consump-

tion of all the countries was 106 TWh/country.

3.1.4 | Yearly global horizontal irradiation

Given the diversity of the climate in the member states, ranging from

ET (Tundra) to Bsh (hot semi-arid) according to the Köppen climate

classification, the average annual irradiation ranges from very low

values of 700 kWh/m2 in South Norway to very high values close to

2000 kWh/m2 for Southern Spain (Figure 2D).

3.1.5 | Total cumulative installed PV capacity

Figure 3A provides an overview of the total cumulative installed PV

capacity in each country of our study. The total cumulative installed

PV capacity was 120 GW (data of Montenegro and Malta were unfor-

tunately not available) in 2018. The nominal installed PV capacity in

countries ranges from 2 MWp for Latvia to 45 GWp for Germany.

The countries with the highest total cumulative installed PV capacities

are Germany, Italy, and the United Kingdom with values of 45.2, 20.1,

and 13 GWp respectively.

3.1.6 | Total annual electricity generated by PV
systems

The total annual electricity generated by the PV systems was

120 TWh (please notice that data from Bosnia and Herzegovina,

Ireland, Moldova, and Poland were not available) (Figure 3B).

Germany has the highest annual PV electricity production with

45.8 TWh followed by Italy with an annual PV electricity generation

of approximately 23 TWh. Further, the United Kingdom, Spain, and

Turkey annually produced electricity in the range of 8 to 13 TWh

from PV systems.

3.1.7 | PV production per capita (EPVcap)

Germany has the highest PV production per capita with 552 kWh/

capita, followed by Belgium, with 391 kWh/capita (see Figure 4). Also,

several countries, such as Malta (384 kWh/cap), Italy (375 kWh/cap),

and Austria (302 kWh/cap), are at the top of PV electricity produced

per capita as compared to other countries in Europe.

3.2 | Analysis of correlations between data
collected

In this section, we evaluate the correlation between different vari-

ables using monthly and annual data. The analysis has been con-

ducted with respect to the number of inhabitants, GDP, annual

global irradiation, electricity production and consumption, the ratio

of PV production, and the share of RE and PV in the electricity gen-

eration. As mentioned previously, different regression methods such

as linear, logarithmic, and polynomial have been used to calculate

the correlation. In Figure 5 and Table 1, the different types of

methods in order to calculate the correlation can be seen for the var-

iables: total number of inhabitants and total annual electricity

consumption.

As it can be seen, the correlation factor of the linear regression is

approximately the same compared to the second- and third-order

polynomial, while it is different from logarithmic regression.

As it is demonstrated in Figure 5, the logarithmic regression failed

to map two variables, which can also be concluded from the R2 value.

This was also the same for the other variables, that's why linear

regression was chosen for further analysis.

An overview of the correlation results of Section 3.2 is given in

Table 2.

F IGURE 4 PV production per capita (kWh/capita) (2018). Note:
No data available from Bosnia and Herzegovina, Ireland, and Poland
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3.2.1 | Analysis with respect to the number of
inhabitants

From Table 2, it can be seen that a strong correlation (R2 = 0.9) exists

between the electricity production and the number of inhabitants and

the electricity consumption and the number of inhabitants (Figure 6).

This graph is increasing linearly (the x-axis has a logarithmic scale, but

it is a linear regression); thus, a high number of inhabitants means

more electricity consumption. And countries like Germany that has

more industries has also high electricity consumption compared to

countries like Malta, Latvia, and Cyprus. These relations were also

found in other studies.23–25 Weak correlations (0.55 and below) were

found for the cumulative installed PV capacity, Figure 7, the total

annual electricity generated by PV systems (Table 2), and the share of

PV in the electricity generation, Figure 8.

3.2.2 | Analysis with respect to annual global
irradiation

There exists a linear relationship with a correlation of R2 = 0.64 between

the average temperature and global irradiation. Further from Table 1, it can

be seen that a weak correlation of R2 < 0.2 was found between the annual

global irradiation and the following parameters: total cumulative installed PV

capacity, total annual electricity generated by PV systems, and the share of

PV in electricity generation in 2018. The amount of the annual global irradi-

ation is not a determining factor until now which leads to the installation of

additional PV capacity. Many countries (like Cyprus, Albania, and North

Macedonia) have annual global irradiation higher than 1000 kWh/m2, but

they had installed less than 2 GW until 2018. Only a few countries have

installed more than 5 GW of PV systems until 2018, for example, the

United Kingdom, France, Italy, Germany, Belgium, and Turkey. Countries like

Turkey, Spain, Croatia, Portugal, and Israel (Area 4 in Figure 9) have a lot of

potential to generate electricity using PV, as the global irradiation is high.

This can be used in the near future to increase the RE share and the PV

share in electricity generation. Countries like Germany, Italy, Turkey,

Bulgaria, Greece, and Malta have annual irradiation of higher than

1200 kWh/m2 and have a PV share of more than 5% (Area 2).

3.2.3 | Analysis with respect to electricity
production and consumption

The ratio of annual PV electricity generated to cumulative installed

PV capacity (R1)

Countries in the Southern part of Europe have a high annual global

irradiation, leading to a higher PV production per installed PV capac-

ity. Therefore, countries like Portugal, Spain, Turkey, Greece, Cyprus,

F IGURE 5 Different regression methods for
correlation analysis

TABLE 1 Correlation factors and equations for different regression methods

Method Linear regression Logarithmic regression
Second-order polynomial
regression Third-order polynomial regression

Equation y = 5.5262x + 2E+06 y = 9E+07ln(x) �
1E+09

y = 8E-09x2 + 4.9535x + 5E+06 y = �2E-16x3 + 4E-

08x2 + 4.142x + 8E+06

R2 0.9033 0.6686 0.9038 0.9041
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and Israel generated 1400 to 1825 MWh/MW of PV electricity per

PV capacity installed, while Northern countries like Latvia produced

less than half (638 MWh/MW) per PV capacity installed. This is

shown in Figure 10; values were determined with Equation (3). Some

countries are missing in this figure because of missing data.

The ratio of PV production to electricity consumption (R2)

Figure 11 shows the ratio of PV production to the annual electricity

consumption (2018) for each country and the values were determined

with Equation (4). As can be seen, Germany had the highest PV pro-

duction compared to the other countries, and it has also the highest

ratio of PV production to electricity consumption, with a value of 8%.

This means that 8% of Germany's electricity consumption is produced

by PV electricity. In addition, Greece, Italy, and Malta, each with a

ratio of 7%, fall in the range of countries with a high PV production as

compared to their electricity consumption.

A correlation of 0.5 was found between the total annual electric-

ity generation and the total annual electricity generated by PV sys-

tems (Table 1). Countries like Germany, Italy, the United Kingdom,

and Turkey had a high electricity production compared to other coun-

tries; also, these countries generated more PV electricity compared to

other countries. However, most countries annually produce less than

100 TWh of electricity and less than 5 TWh of PV electricity.

3.2.4 | RE/PV share and targets

RE share and PV share

Figure 12 shows the share of renewable energy (2018) and the share

of PV in the total electricity generation for each country. Norway had

the highest RE share of 98%, however with only 0.04% of

PV. Portugal, Denmark, and Germany have high RE shares of 53%,

49%, and 40%. The other countries had less than 40% of RE share in

their total energy generation. None of the countries has a PV share of

more than 8.4% in their electricity generation like Germany. Bulgaria,

Italy, and Malta also had a relatively high share of 7%. Further,

Cyprus, Greece, and Turkey had a 6% share. Some of the countries

had less than 1% of PV share in the electricity generation, for exam-

ple, Albania and Bosnia and Herzegovina.

In general, there exist a very weak correlation (R2 = 0.06)

between the RE share and the PV share of the countries. For instance,

Malta has a RE share of 8.0% and a PV share of 7.5%, which means

that most of the RE are produced by PV. On the other hand, the

Netherlands has a RE share of 7.4% and a PV share of 2.7%, while

countries like Albania, Bosnia and Herzegovina, Norway, and Serbia

have less than 0.5% of PV share in their electricity generation. A nega-

tive relationship was found between these two variables, which

means the higher the RE share, the lower the PV share.

Share of RE and RE targets as per 2018

Regarding the EU's Directive on Renewable Energy (RE), each member

state has set its renewable energy targets ranging from 15% of the

total energy generation by 2020 for the United Kingdom to 100%T
A
B
L
E
2

(C
o
nt
in
ue

d)

In
ha

bi
ta
nt
s

G
D
P

(e
ur
o
/

ca
p/

ye
ar
)

Y
ea

rl
y

gl
o
ba

l
ir
ra
di
at
io
n

(k
W

h/
m

2
/

ye
ar
)

Y
ea

rl
y

av
er
ag

e

te
m
pe

ra
tu
re

(�
C
)

T
o
ta
la

nn
ua

l
el
ec

tr
ic
it
y

co
ns
um

pt
io
n

(M
W

h/
ye

ar
)

T
o
ta
la

nn
ua

l
el
ec

tr
ic
it
y

pr
o
du

ct
io
n

(M
W

h/
ye

ar
)

T
o
ta
l

cu
m
ul
at
iv
e

in
st
al
le
d
P
V

ca
pa

ci
ty

(M
W

p)

T
o
ta
la

nn
u
al

el
ec

tr
ic
it
y

ge
ne

ra
te
d
b
y
P
V

sy
st
em

s
(M

W
h/

ye
ar
)

Sh
ar
e
o
f
R
E

in
to
ta
l

en
er
gy

ge
n
er
at
io
n

(%
)

Sh
ar
e
o
f

P
V
in

el
ec

tr
ic
it
y

ge
n
er
at
io
n

(%
)

R
E

ta
rg
et
s

(%
)

N
u
m
b
er

o
f

su
b
si
d
y

sc
h
em

es

N
um

be
r
o
f

su
bs
id
y

sc
he

m
es

-
-

-
-

-
-

0
.1
4

-
-

-
-

1

120 RAGHOEBARSING ET AL.

 1099159x, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pip.3613 by U

niversity O
f T

w
ente Finance D

epartm
ent, W

iley O
nline L

ibrary on [25/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



renewable energy generation by 2030 for Austria. Most countries

have a RE share of less than 20% in their electricity generation, while

there are few countries like Norway, Portugal, Denmark, and Turkey,

that have a RE share of more than 40%. This is also the case for RE

targets; many countries have a RE target of less than 40%. Countries

with high RE targets (>40%) are Norway (98%), Portugal (88%), the

Netherlands (70%), Estonia, and Spain. Intriguingly, most European

countries have RE targets far below 40% in the era of climate change

and the urgency to meet the Paris agreement. Countries such as

Norway and Turkey have already achieved their RE targets of 67.5%

(2020) and 47%. The actual and target RE shares are shown in

Figure 13. Norway had exceeded its RE target by 30% in 2018. This is

also the case for Turkey. For some countries, either the RE share or

the RE target data was not available, for which reason, the blue or the

orange bar in this figure is missing. Portugal had a RE target of 88%,

and until 2018, they had reached already 53%. However, many coun-

tries had not reached their RE targets until 2018; hence, a weak corre-

lation of R2 = 0.35 is found between the RE share and the RE targets

for each country.

Figure 14 can be divided into four (4) areas, as visualized in

Figure 14. In Area 1, countries are shown, like The Netherlands and

Spain, which have high RE targets but low RE shares, while countries

in Area 2 (like Portugal and Norway) have high RE targets and high RE

share in the total energy generation. Further, Area 3, where most of

F IGURE 6 Red dots: annual electricity
consumption versus the number of inhabitants in
countries (2018) in this study, blue dotted line:
linear regression line, R2 = 0.90 (please notice the
logarithmic scale of the x-axis)

F IGURE 7 Red dots: the cumulative installed
PV capacity versus the number of inhabitants in
countries (2018) in this study, blue dotted line:
linear regression line, R2 = 0.55 (please notice the
logarithmic scale of the x-axis)

F IGURE 8 Red dots: the share of PV versus
the number of inhabitants in countries (2018) in
this study, blue dotted line: linear regression line,
R2 = 0.20
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the countries are concentrated, has low RE targets and low RE share.

Finally, there are no countries with a high RE share and low RE target

(Area 4).

The main drivers for Norway's success to achieve a RE share of

98% are a combination of high availability of hydropower resources

and the introduction of technology-neutral certificates known as the

green certificates. Surprisingly, most of the countries presented in this

paper do not have specific quantitative PV implementation targets or

targets for specific RE sources (such as wind or biomass) within their

renewable energy targets, for example, Bulgaria, Moldova,

Montenegro, and the United Kingdom.

3.3 | Policies

Each country has different schemes or subsidies for PV systems, such

as capital subsidies that enhance PV self-consumption and sustainable

F IGURE 9 Red dots: annual global irradiation
versus the share of PV (2018), blue dotted line:
linear regression line, R2 = 0.15.

F IGURE 10 Ratio of annual PV electricity
generated to cumulative installed PV capacity
(MWh/MWp) (2018)

F IGURE 11 Ratio of PV production to electricity consumption
(%) (2018). Note: No data available from Bosnia and Herzegovina,
Ireland, Montenegro, and Poland
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building constructions (with PV systems) and feed-in tariffs (FITs) and

specific incentives for PV facilities and commercial and industrial PV

market development. In various member states, tender-based

approaches exist for the installation of large solar PV plants with a

capacity above 1 MWp. Countries like Germany, Italy, Hungary,

Belgium, Norway, and Turkey have more than five subsidy schemes

for PV systems. A direct subsidy scheme for PV system research and

development is missing in most member states, for example, Greece,

Switzerland, Albania, Israel, and other countries. However, countries

like the United Kingdom, Italy, France, Turkey, Belgium, the

Netherlands, Hungary, Portugal, and Norway have subsidy schemes

for PV system research. In the United Kingdom, for instance, there is

a special research and development program of UKRI with funding for

both universities and industrial organizations. Also, in the

Netherlands, there are two subsidy schemes for PV research, namely,

National Science Foundation (NWO) and Topsector Energy. All coun-

tries, however, do have general research grants available, which can

be obtained on a competitive basis. Table 3 gives an overview of the

number of subsidy schemes available in member state countries for

PV implementation and PV research.

In the Netherlands, there is net metering for residential installa-

tions (until 2023), abolishment will be gradually ending in 2031. A sus-

tainable energy transition subsidy scheme (“Stimulering Duurzame

Energietransitie,” SDE++) focuses on the large-scale roll-out of tech-

nologies for renewable energy production and other technologies that

reduce carbon dioxide (CO₂) emissions.26 The subsidy is for PV

systems >15 kWp. There are two categories regarding the PV genera-

tion, grid, and non-grid supply which are electricity fed into the grid

and electricity used on-site, respectively. Hence, there are two correc-

tive amounts in cents/kWh.

The subsidy schemes available in the six countries that have more

than five subsidy schemes will be elaborated on, in this section.

Germany was one of the pioneers in fostering PV installations by

various measures and schemes of subsidizing. In 1991, the first law

enforced utilities to buy and distribute electricity from renewable

energy sources. For the first time, the so-called 1000-roofs program

subsidized PV installations from 1990 to 1992, in this case, limited to

5 kWp each. Since 2000, the famous Renewable Energy Sources Act

(Erneuerbare-Energien-Gesetz EEG) defined the priority of electricity

produced from renewable sources, as well as FITs, fixed for 20 years

after the commissioning of the respective production site. Several

revisions of the EEG regularly reduced the tariffs, even monthly dur-

ing highly dynamic periods in 2012. Since 2015, the supporting

scheme changed from FITs to an auction/bidding scheme for large PV

installations. PV installations up to 100 kWp are still supported by

FITs below 0.1€/kWh. All supporting schemes have been subject to

an upper limit of 52 GWp total installed PV capacity since 2012. In

June 2020, the German parliament decided to withdraw this 52 GWp

cap. As of 2020, no explicit goals for PV capacity build-up are defined

for the coming decades.

Different subsidy schemes exist in Belgium for PV system installa-

tions depending on the region and the size of the system. The subsidy

F IGURE 12 RE share (blue bar) and PV share
(orange bar) (2018). Note: Countries with missing
data are not displayed in the figure.
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schemes for PV system research are put in place by, Innoviris

(Brussels-Capital Region), SPW DGO4 and DGO6 (Walloon Region),

VLAIO (Flemish Region), and Energy Transition Fund—SPF/FOD

Economy (Federal Level). Self-consumption is accessible for all PV sys-

tems. Only small systems benefit from a partial or total annual net

metering associated with a prosumer tariff in Flanders. PV systems

also benefit from Green Certificates (GC) on total production. This is

also the case for small systems in Brussels; however, there is a trend

to the phase-out of the net metering to a pure self-consumption

scheme.

Italy has also various subsidy schemes for PV systems installa-

tions. For PV plants below 500 kWp connected to a consumption

meter: “scambio sul posto” net billing is available, where the energy

which is not self-consumed and is injected into the grid is valorized.

F IGURE 13 Share of RE (orange bar) and RE
targets (blue bar) as per 2018

F IGURE 14 Green dots: the share of PV
versus RE targets (2018), blue dotted line: linear
regression line, R2 = 0.29
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For PV systems in buildings, 50% of CAPEX reimbursed via tax return

over 10 years is available. Under the “Ritiro Dedicato” (RID) scheme,

the electricity generated by a PV plant is sold to GSE (Gestore dei Ser-

vizi Energetici) and dispatched to the energy market. For PV plants

<100 kWp, 39.8€/MWh in 2019 as a guaranteed minimum price, oth-

erwise the price is calculated based on the zonal price. Under the

FER1 decree, seven tenders regarding PV would be made available

until the end of 2021. Furthermore, PV plants in the range of 20 kW

to 1 MW can access incentives via the “Registri” mechanisms. PV

plants with a capacity greater than 1 MW can access a tender-based

system. There are no specific competitive programs in Italy for PV

research. Part of the funding “Ricerca di Sistema” comes from the

energy bills and is given to three public research centers ENEA, RSE,

and CNR.

Italy's Ministry of Agricultural, Food, and Forestry Policies has

launched a new rebate scheme to help farming businesses install roof-

top PV systems on agricultural buildings. The scheme has a budget of

€1.5 billion ($1.6 billion) and is being financed with funds from the

post-Covid-19 recovery fund. The measure aims to support invest-

ments in the construction of PV systems on buildings for productive

use in the agricultural, livestock, and agro-industrial sectors.

In Hungary Renewable Energy Support Scheme (METÁR), came

into force on 1 January 2017, this is a FIT scheme for installations

with a capacity of 50–500 kW. A tendering scheme for the METAR

system to support renewable electricity has also been started where

applications can be submitted in two categories (0.3 MW and less

than 1 MW, and at least 1 MW to up to 20 MW). The first category

can claim up to a total of Hungarian Forint (HUF) 333 million, and the

TABLE 3 Overview of the number of subsidy schemes available in member countries for PV implementation and PV research

Country

code

Number of subsidy schemes

for PV implementation

Number of subsidy

schemes for PV research

Total number of subsidy schemes

for PV and PV research

Total cumulative installed PV

capacity (MWp) (2018)

DE 6 6 45,200.00

IT 6 1 7 20,108.00

UK 1 1 2 13,123.40

FR 1 2 3 8961.15

TR 4 2 6 5063.00

BE 2 4 6 4826.00

ES 2 Very few 2 4707.00

NL 2 2 4 4522.00

EL 3 3 2651.00

CH 4 4 2170.00

AT 5 5 1437.60

IL 1 1 1400.00

RO 2 2 1355.10

BG 1 1 1109.66

DK 0 998.00

HU 8 1 9 680.80

PT 3 1 4 559.00

PL 1 1 486.50

SI 0 260.00

LU 3 2 5 131.00

CY 1 1 122.55

EE 3 3 110.00

LT 0 84.00

NO 3 3 6 68.00

CR 0 67.70

IE 1 1 2 24.23

MK 1 1 2 23.99

BA 2 2 20.02

AL 2 2 15.00

RS 1 1 10.00

MD 0 5.00

LV 0 2.00
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second category can receive up to HUF 667 million. For installations

with a capacity of 500–1000 kW, the market premium (FIP) is avail-

able. Power plants with a capacity of over 1 MW are obliged to partic-

ipate in a tendering procedure in order to receive the green premium.

Furthermore, household-sized PV systems up to 50 kW can benefit

from net metering. The major support scheme for using renewable

energy is a quota system supplemented by reimbursement of excise

duty in the transportation category. The Hungarian Development

Bank Ltd. (MFB) national loan program supports zero interest and

10% upfront loans which can be applied for up to 20 years. Further-

more, subsidy schemes such as National Research Development and

Innovation (NRDI) Fund are available for PV system research.

In Norway, residential systems may benefit from capital subsidies

and self-consumption, whereas commercial and industrial systems are

eligible for “green certificates.” A few municipalities have offered their

subsidy schemes for a limited time to encourage market development

and increase the share of renewable energy. Capital subsidies are

available for private house owners. Under this subsidy scheme, sup-

port from the state enterprise Enova (owned by the Ministry of Cli-

mate and Environment) is given to install PV systems up to 15 kWp.

The support consists of a fixed amount (currently Norwegian Krone

[NOK] 10,000, is reduced to NOK 7500 after 1 July 2020) and a

capacity-dependent amount (NOK 1250/kWp), in total up to a maxi-

mum of NOK 28,750. The so-called Plus Customer scheme (Self-Con-

sumption) requires utilities to buy power from PV system owners. The

electricity green certificate scheme is also available in Norway, and

this is a market-based support scheme. In this system, producers of

renewable electricity receive one certificate per MWh of electricity

they produce for a period of up to 15 years. Furthermore, competitive

grants for PV system research are available from governmental enter-

prises and organizations, and these are The Research Council of

Norway (RCN), Support for demonstration and pilot systems for

renewable energy/emission reduction (Enova), and Innovasjon Norge.

There are three models in the Turkish renewable energy market

regarding subsidies availability for PV systems: unlicensed, licensed,

and the RE-Zone (YEKA). However, the procedures and the subsidy

schemes for each model differ slightly. Unlicensed models are renew-

able energy systems having a capacity of up to 1 MW. Unlicensed

projects are eligible for the fixed RES Support FIT of 13.3 USD cents/

kWh for the first 10 years. Licensed models are applicable for renew-

able energy systems having a capacity greater than 1 MW. There is

also local content support for domestically manufactured equipment

used in the relevant licensed generation facility. RE-Zone (YEKA)

models are new investment models to support renewable energy

investments and incentivize local manufacturing of renewable genera-

tion assets. A new regulation has come into effect, in January 2018,

from which rooftop solar applications will benefit 11.22 cent euro/

kWh for the excess unutilized power. An additional amendment to

the Income Tax Law allows exemption from income tax for those sell-

ing the excess electricity generated from installations up to 10 kW.

Scientific and Technological Research Council of Turkey

(TÜB_ITAK) acts as an advisory agency to the Turkish Government on

science and research issues and is the secretariat of the Supreme

Council for Science and Technology (BTYK), the highest S&T policy-

making body in Turkey. TÜB_ITAK funds research projects carried out

in universities, industry, and public or state organizations. Various

funding opportunities are also available for academic researchers in

universities from early-career awards to funding for more advanced

R&D projects. National development agencies, supported by the Min-

istry of Industry and Technology and Directorate General of Develop-

ment Agencies10, also provide financial support for PV research and

applications.

To know the effect of subsidy- and PV research subsidy schemes

on the implementation of PV in a country, the correlation between

the subsidy schemes and the cumulative installed PV capacity has

been calculated. In Table 2, it can be seen that there is a weak correla-

tion (R2 = 0.14) between the subsidy schemes and cumulative

installed PV capacity. That means that the total number of available

subsidy schemes does not have a significant impact on the total num-

ber of PV installations.

4 | CONCLUSIONS

In this paper, an overview of PV system implementation and the cohe-

sion between the different variables (e.g., number of inhabitants,

GDP, electricity consumption and production, installed PV capacity,

and PV share) of 34 member countries of the COST Action is pre-

sented, for the year 2018.

Germany, Italy, the United Kingdom, and France are the largest

electricity consumers and producers while Norway has the highest

annual electricity production per capita (27,436 kWh/capita), followed

by Estonia (10,618 kWh/capita) and France (8094 kWh/capita). The

electricity consumption in some countries (e.g., Germany, the

United Kingdom, Poland, Italy, and Hungary) is higher compared to

the electricity production; therefore, they import electricity from

neighboring countries.

Most countries annually produce less than 100 TWh of electricity

and less than 5 TWh of PV electricity. The nominal installed PV capac-

ity ranges from 2 MWp for Latvia to 45 GWp for Germany. The coun-

try with the highest total cumulative installed PV capacity (45.2 GWp)

and the highest PV production per capita (552 kWh/capita) is

Germany followed by Italy (20.1 GWp) and the United Kingdom.

Countries with a high PV generation for electricity consumption are

Germany (8%), Greece, Italy, and Malta (each 7%). In the member

countries, the total annual electricity generated by PV systems was

approximately 120 TWh. The average PV production per capita was

134.24 kWh/capita. Countries like Germany (552 kWh/capita),

Belgium (391 kWh/capita), Malta (384 kWh/capita), Italy (375 kWh/

capita), and Austria (301.84 kWh/capita) produced quite a lot of PV

electricity per capita compared to other countries in Europe. Further-

more, the amount of the annual global irradiation is not a determining

factor until now which leads to the installation of additional PV capac-

ity. Many countries (like Cyprus, Albania, and North Macedonia) have

annual global irradiation higher than 1000 kWh/m2, but they had

installed less than 2 GW until 2018. Countries like Turkey, Spain,
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Cyprus, Portugal, and Israel have many potentials to generate more

electricity using PV, as the global irradiation is high. This can be uti-

lized in the near future to increase the RE share and the PV share in

electricity generation.

To achieve the EU's Directive on Renewable Energy (RE) goal, each

member state has set its renewable energy targets ranging from 15%

RE of the total energy consumption by 2020 for the United Kingdom to

100% RE in the energy generation by 2030 for Austria. Some countries

have already achieved and exceeded their RE target, for example,

Norway and Turkey. However, many countries had not reached their

RE targets until 2018. Norway had the highest RE share of 98% (with

only 0.04% of PV), followed by Portugal, Denmark, and Germany. A

weak correlation (R2 = 0.35) was found between the RE share and the

RE targets of each country. Interestingly, most European countries have

RE targets far below 40% considering climate change and the urgency

to meet the Paris agreement. Furthermore, none of the countries has a

PV share of more than 8.4% (Germany) in their electricity generation.

Some of the countries had less than 1% of PV share in the electricity

generation, for example, Albania and Bosnia and Herzegovina. Malta

has a RE share of 8.0% and a PV share of 7.5%, which means that most

of its RE are produced by PV.

Surprisingly, the majority of the countries presented do not have

specific quantitative PV implementation targets or targets for specific RE

sources (such as wind or biomass) within their renewable energy targets.

Each country has different schemes or subsidies for PV systems,

such as capital subsidies that enhance PV self-consumption and sus-

tainable building constructions (with PV systems) as well as FIT and

specific incentives for PV facilities, commercial and industrial PV mar-

ket development. In addition to that, there are tender-based

approaches for the installation of large solar PV plants with a capacity

above 1 MWp. Missing in most member states, however, is a direct

subsidy scheme for PV system research and development.

Due to the weak correlations that were found during the analysis,

it can be said that the different parameters (such as GDP, annual

global irradiation, and the number of subsidy schemes) are not a

determining factor until now to install PV. Due to the correlation fac-

tor (R2) of 0.5, it can be concluded that the number of inhabitants,

total annual electricity generation, and consumption affect determin-

ing process to install PV in a country.
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APPENDIX B: QUESTIONNAIRE

Introduction

This report comprises the performance evaluation issues of solar pho-

tovoltaic energy covering the PEARL PV countries. As a starting point,

it includes the last 10-year period of time series data starting in 2009.

Later, it will be extended with yearly additions and updates. The coun-

try reports will be available on the project webpage preferably visual-

ized behind a map. Summarized performance graphs could be

provided based on the project countries. The planned data structure

to be collected is described in this information paper.

General data

Country name; Number of inhabitants of the country (#); Area of the

country (km2); GDP (euro/cap/year); Climate (code or codes [if more]

according to Köppen climate classification); Yearly global irradiation

(kWh/m2/year) along with monthly data profile (average for the

10 years of 2009–2018); Yearly average temperature: (�C) along with

monthly data profile (average for the 10 years of 2009–2018); Yearly

average wind speed (m/s) along with monthly data profile (average for

the 10 years of 2009–2018); Total annual electricity consumption

(MWh/year) along with monthly data profile for the year of 2018;

Total annual electricity production (MWh/year) along with monthly

data profile for the year of 2018; Total cumulative installed PV capac-

ity (MWp); Total annual electricity generated by PV systems

(MWh/year) along with monthly data profile for the year of 2018.

The country reports will be available on the project webpage

preferably visualized behind a map.

PV capacity for the period of 2009–2018 (maybe 2019 if available

yet)

For each category, four classes should be provided: (1) stand-alone

systems; (2) grid-connected systems (<10 kWp); (3) grid-connected

systems (10–250 kWp); and (4) grid-connected systems (>250 kWp);

Newly installed capacity in the given year (kWp).

Number of PV systems installed in the given year.

Total installed capacity in the given year (kWp).

Total number of PV systems installed in the given year.

National program

(Short description is required here for each item. Targets should be

given for the available period).

CO2 emission targets; Actual CO2 emissions in 2018 compared to

1990 level; RE targets; Share of RE in total energy mix in 2018; PV

targets; Share of PV in electricity mix in 2018; Subsidy schemes for

PV systems installations; Subsidy schemes for PV system research; PV

programs by the private sector; Activities in the field of quality control

for PV performance and reliability; Best practices with digital technol-

ogies for performance assessments of PV.

Zooming into PV research

Major PV system research groups (PI's name, number of group mem-

bers, affiliation); Main research projects; Publication list carried out

related to the project activity; PhD thesis defended related to the pro-

ject activity.

Future plan for PV performance

(Short description is required here).

Enclosed photos

(Maximum two photos of the most relevant typical applications).
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