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Abstract: The political goal of the European Union is to transform into a prosperous, modern,
competitive and climate-neutral economy by 2050. To accelerate this transition, the European
Commission has presented a European Green Deal in 2019. The aim is to reduce up to 55% the
greenhouse gas emissions by 2030. The paper looks at the role photovoltaic electricity generation can
play to achieve this and whether the required areas for the installation of the photovoltaicaic power
needed are available. Following a review of the existing literature, the paper concludes that better
use of the technology that has been largely neglected so far coupled with dual-use options would
generate much more PV capacity than required to achieve a neutral economy.

Keywords: greenhouse gas (GHG) reduction; power sector; photovoltaics; self-consumption;
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1. Introduction

The analysis document supporting the European Commission Communication “A European
long-term strategic vision for a prosperous, modern, competitive and climate-neutral economy” [1]
highlights the role of solar photovoltaic power generation as one of the pillars to decarbonise
the European Union’s (EU) power supply. Market growth and technology progress have made
photovoltaics (PV) one of the most cost-effective generation technologies. Over the past years,
an increasing number of European Union Member States have introduced auctions for solar power.
This trend has led to a decrease in the price levels for PV generated electricity, which currently average
between EUR 35 and 70/MWh across the European Union. The lowest bid in the second Portuguese
auction in August 2020 was EUR 11.14/MWh almost 25% less than the 14.76/MWh from the first auction
in July 2019 [2]. The total capacity of the auction was 670 MW, and projects with a combined capacity
of 483 MW include storage. These projects have to be realised by the end of June 2024. The number of
solar photovoltaic power plants, including some with storage [3], built without any subsidy is growing
every year in more and more countries. With the current industry upscaling and cost reduction in the
battery sector, residential PV systems with storage will follow very soon and provide electricity at
costs below retail prices not only in single markets.

2. Policy Background

Over 20 years ago, the European Council and the European Parliament adopted the “White Paper
for a Community Strategy and Action Plan” [4]. The Union’s aim at that time was to double the share
of renewable energy in the overall gross internal energy consumption, which accounted for 6% in 1996
to 12% by 2010. The level of ambition gradually increased over time, but the huge resource potential of
renewable energy in general and photovoltaics in particular still has not yet been tapped [5].

In December 2019, during the conference of parties (COP) 25, the EU Commission president
Ursula von der Leyen presented her agenda for a faster greenhouse gas (GHG) emission reduction in
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the European Union “A European Green Deal” [6]. Compared to the 40% GHG reduction target of the
Renewable Energy Directive (RED II) from 2018 [7], the Green Deal calls for up to a 55% reduction by
2030 relative to 1990. The Green Deal aims at climate-neutrality in the EU by 2050, ensure a just and
inclusive transition, as well as design measures to help European companies to become world leaders
in clean products and technologies.

In January 2020, the European Commission presented its plan to finance the Green Deal and
mobilise EUR 1 trillion of sustainable investments over the next decade [8]. The next step was the
proposal for a European Climate Law in March 2020 [9]. The European Parliaments rapporteur for the
Climate Law, Jytte Guteland, stated in April 2020 that she would back a 65% emission reduction target,
in line with the UN emission gap report from November 2019 [10].

To counter the economic consequences of the COVID-19 lockdown, a EUR 750 billion recovery
fund was agreed on by the European Council on 21 July 2020 [11]. The budget is now being discussed in
the European Parliament for approval. This fund aims to set the EU firmly on the path to a sustainable
and resilient recovery, creating jobs and repairing the immediate damage caused by the COVID-19
pandemic. At the same time, the fund should support the Union’s green and digital priorities. As a
next step, the Member States have to prepare national recovery and resilience plans to be examined by
the European Commission. In these plans, the Member States are required to outline their individual
reform and investment agenda for the years 2021–2023.

3. Status of Photovoltaics in the EU

Since the introduction of the first European Renewable Energy Directive in April 2009, the total
installed solar photovoltaic power capacity in the European Union (EU27) and the United Kingdom
had increased more than 10-fold from 11.3 GW at the end of 2008 to over 134 GW at the end of 2019
(Figure 1) [12,13]. Residential and commercial rooftop installations represented about 60% of this
capacity. In a worldwide comparison, the European Union and the United Kingdom had about 21% of
the cumulative installed capacity of 635 GW at the end of 2019 [14].
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The role of photovoltaics for a 55% GHG reduction by 2030 was analysed in a recent Joint Research
Centre (JRC) study [15]. The basis of the study were mainly the politically agreed long-term strategy
(LTS) options for 2050 [1] and resulted in a PV capacity range between 450 and 605 GWp by 2030.
Under the assumption of more rapid electrification of the tertiary, as well as the transport sector,
the required capacity needed could increase to 1.2 TWp in the European Union (EU27). This capacity
is close to the requirement needed to realise a 100% renewable energy supply for Europe by 2050 [16].
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4. The Potential of Where to Install Photovoltaics in the EU

One of the first questions, when looking at these capacity numbers, is: Where could these capacities
be installed and would space limitations make it possible?

Over the years, an increasing number of potential analysis has been conducted in various countries
and regions [17–20]. The aforementioned obstacles for the installation of PV capacities are related to
the current commercial availability of land, as well as land-use policies. The integration of variable
solar electricity into the electricity system is another category. However, there are several untapped
areas where PV systems can be installed with a significant potential to generate renewable and
sustainable electricity.

4.1. Rooftops

PV systems on rooftops do not occupy productive land, and their integration into the electricity
system is relatively easier, due to their proximity to the point of consumption. The utilisation of solar
PV electricity on rooftops also improves the overall efficiency of the energy system. The reason is that
no transformation losses occur, unlike in thermal power plants. In 2018, the transformation losses
attributed to electricity generation and the heat sector were 3639 TWh or 48% of the primary energy
input [21]. In addition, the electricity distribution system adds another 209 TWh of losses. The current
rooftop potential, calculated under conservative conditions, of at least 560 GW is capable of generating
680 TWh of electricity per year [19]. This is already almost half of PV capacity in the high case scenario
mentioned before. A substantial part of this capacity has to be installed by citizens, either on their
individual house rooftops or as co-owned systems on multi-apartment buildings. The interest for solar
electricity generation with and without storage for self-consumption, as well as systems on apartment
buildings, is gradually increasing [22,23]. Once the recast of the Energy Performance of Building
Directive including the concept of Nearly Zero-Energy Buildings (NZEBs) is adopted by the Member
States in national legislation, an additional PV rooftop potential will be created [24]. In addition,
several municipalities are currently discussing, or have already introduced, mandatory requirements
to install renewable energy systems in new buildings. If only 4 kWp are added to each of the 1.5 million
new buildings constructed in the EU every year, an additional 6 GWp would be added every year. By
2030, this would translate to an additional 60 GWp.

If the rooftop potential on existing and new buildings were utilised until 2030, between 485 and
545 GWp of PV systems would have to be installed. Such an installation wave would create a large
number of local jobs in the installation business. Despite the fact that the quantification of jobs for the
installation of rooftop PV systems is more complex than for large PV systems, the 3.5 full-time work
equivalent (FTE) per MW of the USA Solar Census 2018 were used as a lower bound benchmark to
calculate the number of jobs [25]. Within the next ten years, it is expected that the FTE will decrease
to 2.5 FTE per MW. Under these assumptions, the utilisation of the rooftop potential could provide
between 190,000 and 225,000 jobs in 2030. These numbers are close to those of a detailed study about
the importance of PV power to create new jobs [26].

4.2. Coal Mining Regions

The need to decarbonise the EU and the United Kingdom power sector has far-reaching
consequences for the 42 regions, where coal and lignite are still mined and used for power generation.
Despite the plans to close down coal mining and use in thermal power plants, this sector still accounts
for a significant economic activity [27]. The sector still provides about 240,000 jobs in coal and lignite
mining (180,000 jobs) and in power plants operation and maintenance (60,000 jobs). It is imperative to
find socially acceptable job alternatives for those employees.

The installation of PV power systems on the sites of closed mines and the surrounding area has
many advantages. First, it enables the redevelopment of the brownfields in an integrated manner; it
does not require extra environmental permitting, and it generates cash flow for the landowner [28].
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Second, the technical potential for solar photovoltaic power on the mines and surrounding land in these
42 regions was estimated at 580 GW [29]. Installing larger solar PV plants in parallel with the closure
of mines and power stations over the next 15 years would provide about 135,000 jobs annually for the
construction of PV plants. The installation of these PV systems will benefit from dedicated financial
instruments like the Just Transition Fund, as well as the recent agreed COVID-19 Recovery Fund [11,30].
The number of operation and maintenance (O&M) jobs could grow to 50,000 in the same time span,
even if the number of O&M jobs per MW halved, due to automation and digitalisation. However,
as mentioned before, rooftop PV installations would bring about the opportunity of additional jobs.

4.3. Dual-Use of Infrastructure

The dual-use of infrastructure, examples given below, offers additional potentials: To install PV
power systems often close to the place of electricity use, as well as to avoid the use of open land. So far,
the analysis of these potentials is still in its infancy, but first case studies have already been conducted.
In many instances, these applications provide not only electricity close to where it is consumed, but offer
additional advantages. More detailed potential analyses are still needed to quantify the total potential.
Some examples:

• Agricultural photovoltaics (Agri-PV): Agri-PV offers the possibility to optimise the use of
agricultural land, increase agricultural yields and generate electricity, which can either be used
locally or sold for extra revenue [31,32];

• Closed landfill sites: First, landfills are brownfields, and their use for PV plants will not affect
sensitive ecosystems [28]. Second, closed landfills are often connected to the electricity grid, and in
the case of landfill gas use, the PV system can improve the load factor of the plant;

• Façades with PV of buildings: PV Façades on buildings can reduce the heat load in the building
and reduce the power needed for cooling [33,34];

• Hydro dams: In the case of earthen dams, the PV installation can protect the surface and minimise
erosion caused by rain [35];

• Irrigation channels and floating PV: Both applications can help reduce water evaporation, which,
especially in arid regions, is of substantial importance [36,37];

• Parking lots: Covering parking lots with PV canopies enables sustainable electricity generation to
charge electric vehicles and provides shading for the automobiles [38,39];

• Sound barriers: Sound barriers along motorways and train lines can be used to generate electricity
not only when they are south facing; thanks to bifacial PV technology, east- and west-facing
barriers can also be utilised [40,41]. The electricity generated along train lines could be used
directly to power trains. In contrast, sound barriers on motorways could provide sustainable
electricity either to the municipalities they are shielding the noise from or to electric vehicle
charging stations in service areas.

5. Conclusions

To fully utilise these untapped potentials and realise a sustainable energy transition will require
additional adaptation measures in the power sector due to the variable nature of solar photovoltaic
electricity generation. The combination of PV with other renewable energy sources, different storage
options, demand management and sector coupling are some examples. However, this paper is not
about the energy transition, but what potential exists to install PV systems on yet not used areas.

The European Union is currently the largest political block, which has political targets in place
to establish a climate-neutral economy by 2050. The analysis of existing studies reveals that the
currently unused technical potentials on rooftops in coal mining regions and the dual-use of existing
infrastructure could provide more electricity from PV power systems than is needed to achieve the
political goal. PV installations on rooftops and brownfield of coal mining regions are sufficient to
install at least 1.2 TWp of PV power, without disrupting open land. Exploiting the mostly unused
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PV potential to make a dual-use of existing agricultural, traffic, and urban infrastructure can increase
capacity. However, to quantify this technical potential, more future analysis is needed.
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