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ExECuTIVE SuMMARY

THE NEED fOR POLICIES TO 
fuRTHER SuPPORT PV 
The European PV Parity project (started in June 2011 
and ended in November 2013) aimed to contribute 
to the achievement of further PV penetration in 
the EU electricity market, and the attainment 
of PV competitiveness at the lowest possible 
price for the community. The PV industry is now 
progressing towards price competitiveness with 
conventional energy. It is important to highlight 
that the achievement of PV competitiveness does 
not necessarily mean that further promotion of PV 
or setting of incentives for PV is no longer needed. 
Rather, intelligent tailor-made solutions are needed 
which match with an overall system of RES promotion 
and a general structure of electricity system. 

Over the past two years the PV Parity partners 
have worked together to understand how to further 
support PV penetration in the European electricity 
market. 

Electricity markets have been created to remunerate 
electricity producers. Originally they have been 
created to remunerate nuclear, coal, gas and hydro 
energy producers. Now variable sources of electricity, 
such as renewable energies, are increasing. So new 
ways to adapt electricity markets have to be found 
in order to better integrate high shares of variable 
and flexible renewable energy sources, such as wind 
and PV, and to let them develop in the best way. 
The PV Parity consortium has provided a strong 
contribution to reach this ambitious target. During 
the project, the PV Parity consortium has defined 
the steps necessary to ensure the competitiveness of 
photovoltaics in Europe and to define the relevance 
of PV electricity imports from MENA countries in the 
European wholesale electricity market. 

This was done by the identification of:

• A clear definition for PV competitiveness 

• The roadmaps towards PV competitiveness in 
Europe

• The relevance of PV electricity imports from 
MENA countries to Europe

• External costs & benefits related to electricity 
generation from photovoltaics 

• Policies for the further support of photovoltaics 
in Europe and in MENA countries

PV COMPETITIVENESS IN EuROPE
The PV Parity consortium has identified a clear 
definition of PV competitiveness for all market 
segments: residential, commercial, industrial 
and utility. Based on the developed definitions, 
simulation studies have been carried out to analyse 
PV competitiveness for all market segments in 
the 11 European target countries: Austria, Belgium, 
Czech Republic, France, Germany, Greece, Italy, 
the Netherlands, Portugal, Spain and the United 
Kingdom. The outcomes of the simulations show 
that PV is already competitive, or will be competitive 
in a few years, at residential and commercial level. 
This picture changes at utility scale, where the 
competitiveness of PV is still far from being achieved 
due to the “merit-order or cannibalism” effect of the 
PV generation in the wholesale market. 

PV ELECTRICITY IMPORTS fROM 
MENA COuNTRIES 
Producing solar electricity in the MENA countries, 
where solar resources are immense and exporting 
it to Europe, could be viable sense. Thus, the PV 
Parity consortium carried out an analysis to define 
the relevance of PV electricity imports from MENA 
countries to Europe. The analysis states that 
competitiveness of PV imports from MENA would 
be achieved between 2020 and 2026. However, 
with the additional cost of transporting electricity to 
Europe and the need to build new lines, it will not be 
until 2030 that such an option could be envisaged. 
Until then, solar energy should be developed in the 
MENA region to help meet the growing local and 
regional demand.
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ExTERNAL COSTS AND BENEfITS 
Of PV ELECTRICITY gENERATION 
‘External costs and benefits’ are associated with the 
costs and benefits related to PV grid integration, 
the costs and benefits on health and environment 
associated with PV electricity generation, as well as 
tax payments that subsidise producers of electricity 
or fuels, and their markets. All these costs are real, but 
often are not taken into account in the calculation of 
PV competitiveness. The PV Parity consortium has 
calculated these costs to provide policy makers with 
a transparent overview on all costs and benefits to 
be taken into account to define PV competitiveness. 

One needs to look at the financial impact of the 
electricity system upgrade that would be required 
to accommodate a large deployment of PV in 
Europe. This would entail several cost elements that 
must be considered 
in expanding the grid 
system. During the 
PV Parity project an 
analysis has been 
carried out in order 
to define the costs to 
integrate up to 485 GWp of PV into the grid until 
2030, which will cover 15% of electricity production 
in Europe. The analysis shows that the integration of 
this PV power capacity into the grid is technically 
feasible at a modest cost. 

The grid integration cost varies from country to 
country: 

• At 2% penetration of PV, the cost varies between 
- €50/MWh (in Greece) and €13/MWh

• At 15% penetration, the cost increases up to 
€26/MWh (Fig.11). It can be observed that in 
general the cost in Southern Europe is lower 
than the cost in Northern Europe. Applications of 
Demand Response (DR) or storage solutions can 
be effective to reduce the integration cost of PV, 
which could decrease by 20% thanks to DR. With 
DR, the cost at low penetration level varies between 
– €50/MWh and €9.5/MWh. The cost also reduces 
by 20% at 15% penetration level from €26/MWh to 
€21.5 €/MWh. The study carried out during the PV 
Parity project indicates also that PV reduces network 
losses. The losses reduction is between 0.25% and 

0.75% depending on the 
characteristics of the 
distribution networks 
and the penetration level 
of PV. With the average 
wholesale electricity 
prices between €40/MWh 

and €60/MWh, the savings at 2% PV penetration 
at European level vary between €5/MWh and 
€7.5/MWh. For the first time the system impact 
of PV in Europe is analysed such details. The 
analysis confirms the increasing attractiveness of 
PV for the European economy

WE NEED POWER, WE NEED 
ElECTRICITy, AND FOR OUR FUTURE, 
WE NEED RENEWABlE ENERGIES.
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It is also important to look at positive benefits 
that photovoltaics are generating for the whole 
community which are not integrated into the price 
of electricity. In order to do so, the environmental 
impact of 1 kWh of photovoltaic electricity was 
calculated through a life Cycle Assessment (lCA) 
and compared to that of electricity generated from 
coal and natural gas. The lCA showed that PV-
generated electricity’s environmental and health 
impact is only about 5% that of conventional 
electricity, meaning a potential reduction of 95% 
of the pollution, toxicity, water and land effects by 
using PV.

POLICIES fOR PV DEPLOYMENT 
In the past decade the deployment of PV in Europe 
has been mainly facilitated by feed-in tariffs or 
similar schemes. Many countries were surprised by 
the dynamics of PV installations and they failed in 
some cases to adapt the level of financial support 
in due time. The existing support schemes have to 
be readjusted in order to integrate new alternative 
incentives such as self-consumption or net-metering 
in order to be in line with the latest developments 
of the PV sector. Some countries have done this 
already especially for small users, this can be a 
valuable solution. It is important to constitute the 
right to self-consume.

CONCLuSIONS 
The PV Parity project has clearly highlighted how 
renewable energies, with solar PV playing a major 
role, are stepping up to meet Europe’s energy 
demand in a sustainable way. PV is an increasingly 
competitive choice in many regions, and the number 
of installations continues to grow. With PV providing 
an ever greater share of electricity, policies are 
needed to address challenges with upgrading grid 
infrastructures and revamping energy markets. With 
the right framework, renewables will continue to 
increase their presence in the European electricity 
mix, while maintaining the stability and reliability of 
the power system, at a minimal cost.
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INTRODuCTION 

The PV PARITY project aimed at defining PV competitiveness, i.e. a stage of development of PV technology 
at which it is competitive with conventional electricity sources. It also provided relevant policy makers 
in the Eu Member States with a clear understanding of the necessary measures to support solar PV 
technology in achieving grid parity. The project also developed strategies for supporting the PV sector 
after PV competitiveness is reached. As a result, an increased PV penetration in Eu electricity markets and 
grid will be accomplished at the lowest possible price for the community.

The consortium was made up of knowledgeable 
partners from the research and academic sector, 
from the industry and from the energy production 
sector. The project focuses on 11 EU countries, namely 
Austria, Belgium, Czech Republic, France, Germany, 
Greece, Italy, the Netherlands, Portugal, Spain and 
the United Kingdom. The country selection aims 
to cover a large proportion of the EU electricity 
market and to be representative of various country 
configurations in terms of electricity prices, maturity 
of the national PV market and growth potential in the 
coming years. Some MENA countries have also been 
considered, in view of their high PV market potential.

The project started from the assumption that the goal 
of existing support schemes is to help PV technology 
become competitive with conventional electricity 
sources in the coming years. However, the support to 
PV from policy makers is under heavy pressure and 
some countries are already experiencing signs of a 
downturn in the level of support from policy makers 
as well as from public opinion. 

PROjECT STRATEgIC OBjECTIVES
The strategic objective in the long-term of the PV 
Parity project is to ensure an appropriate policy 
framework for photovoltaics in order to achieve 
the “20-20-20” binding targets of 20% of RES 
in energy consumption until 2020 [1], which 

corresponds to 30 - 35% of the electricity demand 
from RES, according the Renewable Energy Directive 
(2009/28/EC) and beyond, until 2050, to achieve the 
targets of the Energy Roadmap 2050 [2]. According 
to the High RES scenario of the Energy Roadmap 
2050, the share of RES in electricity should reach 
75% in gross final energy consumption and 97% in 
terms of electricity production until 2050. 

In order to achieve this aim, during the project the PV 
Parity consortium has defined the steps necessary 
to ensure the competitiveness of photovoltaics in 
Europe and to define the relevance of PV electricity 
imports from MENA countries in the European 
wholesale electricity market. This was done by the 
identification of:

• A clear definition for PV competitiveness 

• The roadmaps towards the PV competitiveness 
in Europe

• The relevance of PV electricity imports from 
MENA countries to Europe

• External costs & benefits related to the electricity 
generation from photovoltaics 

• Policies for the further support of photovoltaics 
in Europe and in MENA countries 

The methodology used to define PV competitiveness 
is shown in Figure 1. 
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Figure 1  Definition of PV competitiveness: the classical, limited approaches, which only look at PV generation and 
electricity prices, and the more sophisticated approaches used in the project. Source: ECN, Wim Sinke.

The PV Parity project started in June 2011 and ended 
in November 2013. It has been co-financed by the 
European Commission in the framework of the 
Intelligent Energy Europe (IEE) Program (Contract 
No. IEE/10/307/SI2.592205).

PROjECT PARTNERS
The list of the partners cooperating in this project 
are shown below. More information about them and 
the project is available under www.pvparity.eu.

Environmental
costs & benefits

Evolution of 
PV generation cost

Optional: 
other external costs 

& benefits

Grid-related costs 
& benefits

PV parity: 
grid parity/

investment parity, etc.

Evolution of 
electicity prices

Classical, limited definitions

WIP - Renewable Energies 
www.wip-munich.de

ECN  
www.ecn.nl

EPIA  
www.epia.org

Technische Universität Wien 
www.tuwien.ac.at

EDF Energies Nouvelles 
www.edf-energies- 
nouvelles.com

Enel Green Power  
www.enelgreenpower.com

GSE 
www.gse.it

Imperial College Consultants 
www.imperial-consultants. 
co.uk

IDAE 
www.idae.es

Stiftung Umweltenergierecht 
www.stiftung- 
umweltenegierecht.de

Technical University of Crete 
www.enveng.tuc.gr
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PHOTOVOLTAIC COMPETITIVENESS 

In the first part of the project the PV Parity consortium has identified a clear definition of PV competitiveness 
for all market segments: residential, commercial, industrial and utility. Based on this definition of PV 
competitiveness, simulations have been carried out to define the roadmaps for 11 European countries 
towards the PV competitiveness for all market segments. The competitiveness of PV electricity imports 
from MENA countries has also been investigated, in view of their high PV market potential. 

DEfINITION Of PV COMPETITIVENESS
The PV competitiveness concept has multiple 
definitions for the time being and that must be put 
together and simplified to deliver a coherent definition. 

Up until to PV competitiveness has been mostly 
referred to as the moment when the electricity 
produced by a PV system, named levelised Cost of 
Electricity (lCoE), is cheaper than the electricity one 
can buy from the grid. This is a “static” definition, 
since it is based on a snapshot of the competitive 
position of PV at a certain point in time. During the 
PV Parity project, it has been argued that especially 
from an investor’s point of view it is more relevant to 
compare the total revenues generated by operation 
of the PV system (rather than the lCoE) with the 
total costs of ownership of the system. Revenues, 
for example, can be composed of avoided purchase 
of electricity, “self consumption”, and sales to the 
grid at commercial or other rates. This approach is 
referred as “dynamic” PV competitiveness and has 
been adopted by the PV Parity consortium [3]. 

PARAMETERS INfLuENCINg  
PV COMPETITIVENESS
There are several key parameters that influence the 
achievement of PV competitiveness [4]: 

• Cost of electricity 

• Solar resources

• Cost of financing

• Cost of PV system 

Figure 2  Expected evolution of electricity prices in Europe 
(€/kWh)

It is clear that electricity prices from the electrical grid 
will increase in the future [5] (Fig.2). 

The most important parameter is the level of solar 
resources – the more sun, the better production. 
Next to that the cost of financing should also be 
taken into account as an important parameter for 
the cost of PV electricity produced. 

Another important parameter is the evolution of 
the PV system cost, which has been continuously 
decreasing over the last decades and is expected to 
further decrease in the future (Fig.3). 
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Figure 3  Evolution of PV system prices in Europe (€/kWp)

With the increase of grid electricity prices (Fig.2) 
and the decrease of PV system prices (Fig.3), PV will 
become more and more competitive with electricity 
from the electrical grid. 

ROADMAPS TO PV 
COMPETITIVENESS IN EuROPE 
Roadmaps towards PV competitiveness have been 
developed for the 11 target countries of the PV 
Parity project (Austria, Belgium, Czech Republic, 
France, Germany, Greece, Italy, Portugal, Spain, the 
Netherlands and the United Kingdom). The dynamic 
definition adopted by the PV Parity consortium has 
been applied to residential, commercial / industrial 
market segments and utility. The market segments 
are defined as follows: 

• “Residential” includes PV systems less than 5 kWp

• “Commercial” includes systems < 100 kWp

• “Industrial” describes systems < 500 kWp

• “Utility” segment applies to systems larger than 
500 kWp

The definition of dynamic PV competitiveness 
has been applied to each type of consumer. Three 
definitions have been elaborated: 

• Dynamic grid parity

• Dynamic wholesale parity

• Fuel-parity

Dynamic Grid Parity [6, 7] with grid integration 
features refers to installations where PV electricity 
production can partially or totally compensate the 
electricity consumption. This is what is usually called 
“grid parity” because of the comparison with “grid 
electricity prices”. The drivers of competitiveness 
are in this case the savings in the electricity bill and 
the earnings that PV electricity generates. 

Dynamic Wholesale Parity [8] refers to installations 
where PV electricity compensates little or no 
electricity production at all. In this case, PV cost 
must be compared with wholesale electricity prices. 

Fuel-Parity [8] for island power generation refers 
to installations where PV electricity competes with 
one specific source of electricity but is not replacing 
it: diesel-based power generation on islands not 
connected to larger networks.
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Figure 4  Simulation tool to calculate PV competitiveness

After having worked on a commonly understood 
and agreed methodology to define various types 
of competitiveness for each type of consumer, the 
PV Parity consortium has “translated” the definition 
of dynamic competitiveness into mathematical 
equations and then implemented these in the 
simulation tool based on Matlab [9] in order to 
develop national competitiveness roadmaps for each 
market segment. The simulation tool is available to 
be downloaded for free at the PV Parity website 
(www.pvparity.eu). The user can calculate when and 
where in Europe PV will reach PV competitiveness 
by simply factoring in certain key parameters (Fig.4). 

The results of the project show that in the residential 
segment the time span between the first date of 
achieving PV competitiveness and the last one 
varies widely, depending on the maturity of each 
national PV market and the level of retail electricity 
prices in particular. According to the results, PV 
competitiveness has be largely achieved already 
in Germany, Italy, Netherlands and Spain in 2012 
(Fig.  5), they should be followed by Portugal and 
Austria in the next two years and then progressively 
other countries will follow.

Figure 5  Achievement of PV competitiveness in 2012 for 
the residential market segment - Target countries only

Figure 6  Achievement of PV competitiveness in 2020 for 
the residential market segment - Target countries only

By THE END OF THE DECADE, DEPENDING ON HOW PRICES 
EVOlVE BUT AlSO THE COST OF FINANCING, GRID PARITy 
COUlD BE ACHIEVED IN All TARGET COUNTRIES.



11PV PARITY PROJECT

This picture changes at commercial / industrial and 
utility scale, where the competitiveness of PV is far 
from being achieved also due to the “merit-order 
or cannibalism” effect of the PV generation in the 
wholesale market. The economic cannibalism effect 
is related to the fact that in the wholesale market 
the comparison between the levelised Cost of 
Electricity (lCoE) produced by a PV system and the 
electricity price is done on average price over the 
day instead of on hourly data. 

PV generates at its best during hours with highest 
irradiation. High share of PV generation during those 
hours of the day can decrease the electricity spot 
market prices. This is called the “Merit Order Effect” 
and leads to a decrease the competitiveness of the 
average lCoE from PV generation in comparison 
with the spot market prices. Therefore PV decreases 
its economic competitiveness at the markets which 
is often called the “Economic cannibalism of PV 
generation”. In order to avoid this effect, the hourly 
data related to the PV generation should be taken 
into account instead of the average lCoE.

PV ELECTRICITY IMPORTS fROM 
MENA COuNTRIES
During the project the relevance of PV electricity 
imports from MENA countries has also been 
analysed [12]. This was achieved by comparing 
the lCoE from ground-mounted PV systems in 
the selected MENA countries and the wholesale 
electricity prices in the European countries 
interconnected with the MENA countries. The 
interconnections, operating and planned, between 
Europe and the MENA countries are shown in Fig 7. 

The comparison between the lCoE from PV generation 
from the MENA countries and the wholesale electricity 
prices in Europe is shown in Fig. 8.

Operating Planned

Figure 7  Interconnections, planned or operating, between Europe and MENA countries

THE PV PARITy CONSORTIUM HAS FOUND OUT THAT PV 
ElECTRICITy IMPORTS FROM MENA COUNTRIES COUlD 
BECOME COMPETITIVE IN EUROPE BETWEEN 2026 AND 2030.
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Figure 8  Comparison between the PV LCoE from the MENA countries and the wholesale electricity prices in Europe 
(€/MWh)

The PV Parity consortium has found out that PV 
electricity imports from MENA countries could 
become competitive in Europe between 2026 
and 2030, but the cost of transmission of the PV 
electricity between MENA countries and Europe, 
which was not taken into account in the calculation, 
could change this picture. 

Also in this case the “merit-order or cannibalism” 
effect of PV generation in the wholesale European 
market will reduce the competitiveness of PV 
electricity imports from MENA countries.
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ExTERNAL COSTS AND BENEfITS Of  
PV ELECTRICITY gENERATION

‘External costs and benefits’ are associated with the costs and benefits related to PV grid integration, 
the costs and benefits on health and environment associated with PV electricity generation, as well as 
tax payments that subsidise producers of electricity or fuels, and their markets. All these costs are real, 
but often are not taken into account in the calculation of PV competitiveness. The PV Parity consortium 
has calculated these costs to provide policy makers with a transparent overview on all costs and benefits 
related to PV competitiveness. 

PV gRID INTEgRATION:  
COSTS AND BENEfITS
One needs to look at the cost of the electricity system 
upgrade that would be required to accommodate a 
large deployment of PV in Europe. This would entail 
several system costs that must be added to the PV 
levelised Cost of Electricity (PV lCoE) to calculate 
the total cost of PV according to the formula:

PV cost = PV LCoE + system costs

System costs are defined as:

• Backup cost also referred to as additional generation 
capacity cost

• Distribution cost

• Transmission cost

• Balancing cost 

• losses 

In order to evaluate the impact of PV technology on the 
capacity of the main European grids and the increased 
operating cost due to increased operating reserves to 
deal with the intermittency of PV, the Dynamic System 
Investment Model (DSIM) described in [10] has been 
used to calculate the system operating cost and the 
incremental network capacity needed to facilitate 
increase in the installed capacity of PV across Europe.

As the impacts of PV on European transmission depend 
on the reference case selected, two key target years 
have be used as reference cases, i.e. 2020 and 2030 
based on the EPIA scenarios. In these scenarios, 240 GW 
and 485 GW of PV will be installed across Europe by 
2020 and 2030 respectively. Installed capacity of PV 
will be increased incrementally and the changes in 
transmission investment proposed by DSIM are used 
to evaluate the network cost associated with increased 
PV. For a starting point, the study uses the ENTSO-E 
Ten-year Network Development Plan (TyNDP) 2020 
network capacity as a base-case (Fig. 9).

GW
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>30.0

Color Code

Figure 9  ENTSO-E Ten Year Network Development Plan (TYNDP) 2020 network capacity
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485 GW of PV until 2030 corresponds to 15% of 
European electricity demand. Today photovoltaic 
power covers about 3% of European electricity 
demand (Fig. 10). 

First, the backup cost, to ensure electricity is 
produced during peaks of demand when solar 
production is low, is the major component of the 
PV integration cost. This cost is expected to be at 
maximum €14,5/MWh in Northern Europe and much 
lower in the South for a PV installed capacity of 
485 GW until 2030. 

The second major component is the additional 
distribution network, needed to reinforce the 
grid. The additional distribution network cost for 
photovoltaics is the second largest cost component 
and it is about up to €9/MWh but at a very high 
penetration level of PV (15%) until 2030; at a low 
penetration the cost is also relatively small. This cost 
usually reduces when peak consumption coincides 
with peak PV production, as it would be the case in 
Southern Europe. Another cost element that needs 
to be considered is the cost of transmission at EU 
level. The transmission cost of photovoltaics is only 
about €0.5/MWh in 2020 up to €2.8/MWh in 2030 
so it is also still relatively small.

One final important cost component is balancing 
which enables PV providers to compensate for 
the variable nature of photovoltaic electricity. The 
balancing cost of PV in 2020 is relatively modest, 
circa €0.5/MWh. This remains modest, €1.04/MWh 
in 2030, assuming full integration of an EU balancing 
market. 

A benefit that PV can bring to the distribution 
network is the reduction in network losses. This 
occurs by reducing the electricity flows from the 
upstream electricity transmission system to the 
end-users as PV generates electricity at very close 
proximity to end-users’ electricity loads. The study 
carried out during the PV Parity project indicate that 
the losses reduction is between 0.25% and 0.75% 
depending on the characteristics of the distribution 
networks and the penetration level of PV. With 
the average wholesale electricity prices between 
€40/MWh and €60/MWh, the savings at 2% PV 
penetration at European level vary between €5/MWh 
and €7.5/MWh. This can partially compensate the 
grid integration cost of PV. However the savings 
diminish with the increased of penetration of PV. 
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15%

Figure 10  EPIA projections of European electricity demand covered by PV until 2030 (MW)
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Figure 11  Range of PV grid integration cost in Europe (€/MWh)

By adding together all components of PV grid 
integration cost of PV that have been described 
earlier, the total cost can be derived. This total cost 
includes maintaining the adequacy of generation 
capacity for security purposes, upgrading the EU grid 
main transmission system, reinforcing the distribution 
network, losses attributed to PV and increased 
operating reserve requirements due to increased PV 
generation. The analysis shows that high integration 
PV power capacity into the grid is technically 
feasible at a modest cost. The grid integration cost 
varies from country to country. At 2% penetration 
of PV, the cost varies between - €50/MWh (in 
Greece) and €13/MWh. At 15% penetration, the cost 
increases up to €26/MWh (Fig.11). It can be observed 
that in general the cost in Southern Europe is lower 
than the cost in Northern Europe. Applications of 
Demand Response (DR) or storage solutions can 
be effective to reduce the integration cost of PV, 
which could decrease by 20% thanks to DR. With 
DR, the cost at low penetration level varies between 
– €50/MWh and €9.5/MWh. The cost also reduces 
by 20% at 15% penetration level from €26/MWh to 
€21.5/MWh. This information confirms the increasing 
PV’s attractiveness for the European economy. 

ENVIRONMENTAL IMPACT:  
COSTS AND BENEfITS 
It is also important to look at the costs and benefits 
at the environmental level that photovoltaics 
are generating for the whole community which 
are not integrated into the price of electricity. In 
order to do so, the environmental impact of 1 kWh 
of photovoltaic electricity was calculated and 
compared to that of electricity generated from hard 
coal and natural gas [12]. 

The environmental impact of PV electricity generation 
was calculated through a life Cycle Assessment 
(lCA). Because the environmental impact of PV 
electricity generation is highly dependent on the 
electricity mix used in its fabrication, the life Cycle 
Assessment (lCA) of PV electricity generation has 
been calculated for three different PV modules:

• Fabricated using electricity produced by 100% 
coal generation in the European Union for the 
Coordination of the Transmission of Electricity 
(UCTE) power plants

• Manufactured using the average European (UCTE 
2000) electricity mix (47% conventional thermal, 
37% nuclear, 16% hydro)

• Produced using hydro power in the production of 
the silicon feedstook and natural gas electricity in 
the manufacturing of the cell and module 
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The manufacturing, based on recent 2011 processes, 
of the three modules are in every other way identical. 
The environmental impact of electricity generated 
by natural gas and by hard coal have also been 
calculated and compared with the environmental 
impact of the electricity generated by the three 
different PV systems described above. The electricity 
from hard coal represents the output at the busbar 
produced by the average hard coal plant in UCTE 
in 2000. The electricity from natural gas uses the 
average net efficiency of natural gas power plants 
in UCTE. The environmental impact of electricity 
generation from hard coal, natural gas and PV has 
focused on:

• Air pollutant emissions (Fig. 12)

• Water depletion & marine eutrophication (Fig. 13)

• Land transformation / occupation (Fig. 14)

The results of the study show that, as compared 
to coal, PV uses 89% - 86% less water, occupies 
or transforms over 80% less land, presents 95% 
less toxicity to humans, contributes 92 – 97% less 
terrestrial acidifications, 97% - 98% less to marine 
eutrophication, and 96% - 98% less to climate change. 
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Figure 13  Water depletion & marine eutrophication: electricity from coal, gas and PV

Figure 12  Air pollutant emissions: electricity from coal, gas and PV
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Figure 14  Land transformation / occupation: electricity from coal, gas and PV
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POLICIES fOR PV DEPLOYMENT 

In the past decade the deployment of PV in Europe has been mainly facilitated by feed-in tariffs or similar 
schemes. Many countries were surprised by the dynamics of PV (fig.15) and they failed in some cases to 
adapt the level of financial support in due time. 

Figure 15  Evolution of European PV cumulative installed capacity (MW)

The PV Parity consortium has carried out a deep 
analysis in order to provide an overview of the current 
support schemes in the PV Parity target countries 
(Austria, Belgium, Czech Republic, France, Germany, 
Greece, Italy, Portugal, Spain, the Netherlands and 
the United Kingdom) [13], to define the drawbacks 
of the current support schemes [14] and to propose 
alternative additional incentives in line with the fast 
developments of the PV sector [15]. 

CuRRENT POLICIES fOR  
PV DEPLOYMENT 
On first glance, on the corresponding regulatory 
framework in the PV Parity target countries shows 
the predominant use of the Feed-in tariff (FIT). 
However, there are still many other support schemes 
in use (Table 1).
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TABLE 1  Current support schemes in the PV Parity target countries

feed-in 
tariff

feed-in 
premium

Quota-
System

Tenders Tax 
incentives

Net 
metering

Self-
consumption

Austria yes

Belgium (yes) yes yes yes

Czech Republic yes yes

france yes yes yes

germany yes yes yes

greece yes yes

Italy yes yes1 yes2 yes yes

Netherlands yes yes yes yes

Portugal yes yes
yes (VAT 

reduction)

Spain yes3 yes

united Kingdom yes yes yes (yes)

In very broad terms, the main support schemes can 
be described as follows:

• Feed-in tariff (FIT) is a price regulation. It 
guarantees payment above the market rate paid 
to a producer of renewable energy by a large 
energy provider / net operator

• Under a Feed-In Premium (FIP) scheme, the 
remuneration for a renewable electricity producer 
consists of two elements: the general, electricity 
market price on the conventional power markets, and 
the premium which is paid on top of the electricity 
price. The premium can be fixed or flexible

• Quota systems impose on electricity suppliers 
the obligation to prove that a certain proportion 
of electricity supplied was generated from 
renewable sources

• Tax regulation mechanisms are mainly and in 
general a tax relief for electricity generated from 
renewable sources

• Tender: Generation-capacities are tendered for 
by electricity suppliers or the state

The various instruments differ to some extent much 
in their functionality. A comprehensive analysis of the 
various instruments shows large structural differences 
especially with regard to financing of the promotion 
and to the addressees of the norms. The following 
table sets the various support systems in comparison 
to funding, addressee and relevance to grid issues.

1.  In 2012 those mechanisms were suspended once the indicative annual cost of 6.7 billion euro was reached on 6th July 2013 
according to the Decree 5th July 2012.

2. However, promotion through the Conto Energia was far more advantageous.
3. Suspended by Real decreto-ley 1/2012 by the Spanish government.
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TABLE 2  Comparison of current support schemes 

Support 
schemes

funding
Addressees Is the priority to 

grid part of the 
support scheme?

Are the distribution 
costs relevant for the 

support schemes?Entitled party Obligated party

fIT Consumers through 
the electricity price

System operator Grid operator / 
governmental or 

quasi-government 
agency

Relevant Relevant

fIP Consumers through 
the electricity 

price (exemption 
Netherlands: State)

System operator Grid operator / 
governmental or 

quasi-government 
agency

Relevant Relevant

Tax 
incentives

Borne by the state 
in terms of lower tax 
revenue throughout 

tax reduction

Tax payers /  
Consumers

State No No

Quota 
systems

Consumers through 
the electricity price

Electricity 
suppliers that 

supply electricity 
to final consumers

No No

Tenders State State No No

The comparison of the various schemes shows 
that tax incentives, quota systems and tenders 
are relatively neglected for network access issues. 
In these cases, the network access issue does not 
arise, because addressees are not system operators, 
while a price regulation does poorly, if grid access is 
not regulated, as the grid access is a precondition 
for market access. Without market access, the price 
regulation could not work. 

Another very important aspect is to be seen in the 
different funding structure. The distinctive feature is 
placed in the FIT and FIP. They allow a promotion 
that does not burden the federal budget, so the total 
economic impact is not reduced.

The various support systems are also very different 
with regard to the addressees structure. This may 
lead to very different incentives. The advantage 
of the price system lies in the fact that a system 
operator can be sure that he will be promoted. At 
a quota model, however, the funding depends on a 
third party. Despite some similarities within the price 
control regime, there are differences in details. This is 
also due to the fact that each country links different 
goals with the promotion of PV. The following chart 
compares the legal structure and mechanisms 
in place in different countries in the frame of the 
promotion of PV as well as other objectives.

THE ExISTING SUPPORT SCHEMES HAVE TO BE 
READJUSTED IN ORDER TO INTEGRATE NEW AlTERNATIVE 
INCENTIVES, SUCH AS SElF-CONSUMPTION OR NET-
METERING, TO HIGHlIGHT THE SPECIFIC BENEFITS OF 
PHOTOVOlTAICS.
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TABLE 3  Requirement of current support schemes 

Main 
support 
scheme

Distinction by the system size Promotion of 
specific solar 
technologies

Preferred installation? 
(Rooftop installations, 
ground mounted etc.)

As an eligibility 
criteria

Criteria for the level 
of remuneration

Austria FIT yes yes On a building or a noise 
barrier

Belgium Quota 
system /  

obligations

yes

Czech Republic FIT yes yes Facade-integrated Roof-top and facade-
integrated

france FIT yes yes Building-
integrated, CPV 
systems, storage

Non-ground mounted

germany FIT yes On building or a noise 
barrier

greece FIT yes Roof-mounted PV 
systems (esp. residential 

sector)

Italy FIT / FIP4 yes Integrated PV 
systems with 

innovative 
characteristics /   

CPV systems

Roof-top installations

Netherlands FIP yes

Portugal FIT yes CPV systems Micro- and mini-
generation

Spain FIT yes yes Non-ground mounted

united Kingdom FIT yes yes Rooftop installations

The promotion of specific solar technologies is linked 
to two goals. First, because of path dependence it is 
necessary to promote specific solar technologies 
which are not yet well developed. This applies especially 
to concentrated PV. Second, the support is often linked 
to the hope that the domestic industry can benefit 
from this specific technology support. The distinction 
by size is correlated to the cost of PV. In general, larger 
plants can be operated more cost-effectively. This also 
means that a cost covering promotion can be lower. 
In addition, with the differentiation by size the support 
schemes pursue other specific steering goals. Thus, 
in many countries, only small facilities are supported. 
Other legislations set up a certain minimum size, so 
as not to encourage excessively inefficient structures. 
Often the size is associated with the precondition 
that the plant will be erected on a building or other 
constructions. The goal of this legislation is to preserve 
open spaces for reasons of environmental protection 
and protection of the landscape. Furthermore, the aim 
is to avoid an artificially increase of cost for the use of 
agricultural land.

With regard to PV competitiveness, it is important 
to realise that the funding regimes are often 
pursuing different goals. If in the development of 
PV competitiveness the support schemes lose their 
effective force, these goals must be revisited to 
avoid an unregulated expansion of PV.

Finally the last chart completes the analysis as it 
shows the legal indicator for support.

4.  In 2012 those mechanisms were suspended once the indicative annual cost of 6.7 billion euro was reached on 6th July 2013 
according to the Decree 5th July 2012.
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TABLE 4  Caps and degression rates for new installations with the current support schemes

New installations (only for installations with start-up date from 2012 onwards)

Main support 
schemes

Cap Degression

Support 
limited by law 
(strong cap)

Support limited 
by policy strategy 

(soft cap)

As instrument 
for the growth 

regulation

fixed degression rate 
or reviewed procedure 

(new installations)?

Austria FIT yes Reviewed every year

Belgium Quota systems /  
obligations

Fixed

Czech Republic FIT yes yes Reviewed every year

france FIT yes Partly Reviewed every quarter

germany FIT yes yes Fixed5

greece FIT Fixed

Italy FIP yes6 The annual cost cap was 
reached on 6th July 2013 
and the schemes has not 

been reviewed

Netherlands FIP yes Reviewed every year

Portugal FIT yes Fixed

Spain FIT yes yes Partly Fixed (temporary 
stopped by RD-l 1/2012)

united Kingdom FIT yes Partly Reviewed every year

The chart indicates a strong change in the design of 
the declining rates of remuneration. In the beginning 
of the support schemes, fixed degression rates 
worked quite well. However, due to unexpected cost 
reduction and as a consequence of a high growth 
of the PV market, the degression ratio seemed to 
be too slow. Nearly every country that is examined 
here reduced unscheduled tariffs. So even a fixed 
degression does not actually give good evidence for 
further tariff developments. 

ALTERNATIVE POLICIES fOR  
PV DEPLOYMENT 
The assessment of current support schemes carried 
out during the PV Parity project highlights that current 
support schemes for PV focus on direct financial 
support; either to buy the electricity production 
(feed-in-tariff, trading of green certificates) or to 
reduce the CAPEx expenditures at the project start 
(grants, tax rebates). 

So far, these support schemes could be used for any 
kind of power generation since they are independent 
of the characteristics of a decentralized PV system.

Some of the existing support schemes may have to 
be readjusted. New alternative incentives, such as 
self-consumption or net-metering, may have to be 
integrated in order to highlight the specific benefits 
of PV. 

Some countries have done this already and it can be 
stated by a best-practice approach that especially 
for small users this can be a real valuable solution. It 
is important to constitute the right to self-consume 
(Table 5).

5.  According to the EEG, a fixed degression rate is implemented which has to be determined every year pursuant to a “flexible 
ceiling” (growth corridors).

6. Yes, not in terms of capacity but in terms of annual cost.
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TABLE 5  Net-metering and self-consumption schemes implemented in the PV target countries

Country
Self-consumption

Net-metering
“Right to self-consumption”? Incentivised?

Austria yes No No

Belgium No No yes

Czech Republic yes No No

france yes No No

germany yes Indirectly No

greece yes No No

Italy yes yes yes

Portugal No No No

Spain yes No No

Netherlands yes No yes

united Kingdom yes Indirectly No

Self-consumption is defined as the possibility for any 
kind of electricity consumer to connect a PV system, 
with a capacity corresponding to his consumption, 
to his own system or to the grid, for his own or for 
on-site consumption feeding the non-consumed 
electricity to the grid and receiving a value for it. 

Net-metering is defined as a simple billing / calculation 
arrangement that ensures consumers who operate 
PV systems receive one for one credit for any 
electricity their systems generate in excess of the 
amount consumed, and which is fed in the grid, within 
a billing / calculation period. With net-metering and 
the promotion of self-consumption some European 
Member States enter new territory. These types of 
incentives seem of great importance for the goal of 
the achievement of PV competitiveness. With both 
instruments the production of solar electricity can be 
better linked to the direct consumption. The consumer 
produces electricity and becomes a prosumer. 

It is important to highlight that increased PV 
competitiveness does not necessarily mean that 
further promotion of PV or setting of incentives for 
PV is no longer needed. Rather, intelligent tailor-
made solutions are needed which match with the 
overall system of RES promotion and a general 
structure of electricity system. “Alternative” policies 
for PV deployment do not necessarily have to be 
understood as substitution for existing schemes. 
They can be seen as an additional support as well. 

THESE TyPES OF SUPPORT SCHEMES SEEM OF GREAT 
IMPORTANCE FOR THE GOAl OF THE ACHIEVEMENT OF 
PV COMPETITIVENESS. WITH BOTH INSTRUMENTS THE 
PRODUCTION OF SOlAR ElECTRICITy CAN BE BETTER 
lINKED TO DIRECT CONSUMPTION. THE CONSUMER 
PRODUCES ElECTRICITy AND BECOMES A PROSUMER.
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CONCLuSIONS 

The PV Parity project has clearly highlighted how 
renewable energies, with solar PV playing a major 
role, are stepping up to cleanly meet Europe’s energy 
demand. PV is an increasingly competitive choice in 
many regions, and the number of installations continues 
to grow. With PV providing an ever greater share of 

electricity, policies are needed to address challenges 
with upgrading grid infrastructures and revamping 
energy markets. With the right framework, renewables 
will continue to increase their presence in the European 
electricity mix, while maintaining the stability and 
reliability of the power system, at a minimal cost.

WE NEED POWER, WE NEED 
ElECTRICITy, AND FOR OUR 
FUTURE, WE NEED RENEWABlE 
ENERGIES.
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ACRONYMS 

DSIM Dynamic System Investment Model 

DR Demand Response

ENTSO-E European Network of Transmission System Operators for Electricity

EPIA European Photovoltaic Industry Association

fIP Feed-in Premium 

fIT Feed-in Tariff

LCA life Cycle Assessment 

LCoE levelised Cost of Electricity 

MENA Middle East and Northern Africa

PV Photovoltaics

RES Renewable Energy Sources

TYNDP Ten year Network Development Plan

uCTE Union for the Coordination of the Transmission of Electricity 
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