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Abstract: The ongoing energy transition in Germany foresees significant increases in the share of renewable
energies in the country’s electricity mix until 2030. A share of 80% is targeted and photovoltaics should have
a major contribution with a total capacity of 215 Gigawatts aimed to be installed. Since the beginning of the
energy transition in Germany, the Renewable Energy Sources Act (EEG) has played a key role with its
regulations and support measures. The latest amendment of the EEG in January 2023 includes updated capacity
addition targets and regulatory measures. In recent years, the solar branch in Germany has experienced growth
after a period of drought from 2013 to 2017. The governmental plans are the basis to enable further growth, but
challenges and uncertainties remain if the targets can be reached under the present and anticipated future
constraints. This paper presents an evaluation of the feasibility of the capacity addition targets for photovoltaics
and outlines the potential contribution of different photovoltaics system types within the installation plans.
Through the conduction of semi-structured interviews with different stakeholders of the solar branch in
Germany, a large variety of knowledge, experiences, perspectives and assessments is combined to theory which
provides answers to the research questions. The results of the data analyses show, that the governmental targets
are theoretically feasible but it is doubtful whether they will be reached in practice. Two of the main challenges
which will need to be overcome are lacking installation capacities in form of skilled workers and hindering
bureaucratic processes regarding planning, approvals, operations and accounting of photovoltaics plants.
Moreover, the results indicate that the share of large-scale systems should increase, as scale-effects make them
more cost-efficient and more capacity can be installed in the same amount of time. Most of these systems will
be ground-mounted, but industrial roof-top systems will also contribute to a certain extent. Furthermore,
integrated photovoltaic applications will increase in importance, due to the scarcity of areas and potential
synergies. However, most of the stakeholders do not see a major contribution of such systems until 2030, as
costs are too high, specific regulations are missing and market awareness is still low. Despite the dominance of
large-scale systems, the segment of residential roof-top photovoltaic systems also has a high potential and
consumers will want to produce their own electricity due to high energy prices and supply uncertainties.

Keywords: German Energy Transition, Photovoltaics, Photovoltaics System Types, Renewable Energy Policies,
Stakeholder Interviews, Sustainable Development

Felix Risseler, Department of Earth Sciences, Uppsala University, Villavagen 16, SE- 752 36 Uppsala, Sweden
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Summary: Germany has ambitious plans to increase the share of renewable energies in their mix of electricity production
to 80% until 2030. As one of the renewable energy sources, solar energy should have a major contribution. More
precisely, the technology photovoltaics is meant in that context, through which electricity can be produced.

The governmental plans are included in the newest amendment of the Renewable Energy Sources Act called “EEG”,
which has been the central policy instrument for renewable energies in Germany. In this 2023 version, a capacity of 215
Gigawatts of photovoltaics plants is targeted to be installed until 2030 and different measures should support this
development.

However, it is unclear today whether this target is reachable in practice and also which of the different photovoltaics
power plants should contribute to what extent. In this paper, the feasibility of these targets and the anticipated contribution
of different photovoltaics plants is evaluated through the conduction of semi-structured interviews with stakeholders of
solar energy in Germany. These include representatives from different industry sectors, political- and academic
institutions.

The results of the study show that the targets could be reached in theory, but in reality, several challenges still need to be
overcome and the targets are not quite realistic. Two of the main challenges derived from the analyses are lacking skilled
workers, especially electricians and assemblers, as well as bureaucratic hurdles within planning, approvals, operations
and accounting of photovoltaics plants. Regarding the contribution of different system types, the importance of large-
scale plants is expected to increase, because of the scale-effects they provide. This means that more ground-mounted
photovoltaics plants on fields and large roof-top systems on industrial buildings will be built in the future. Besides, small-
scale residential roof-top plants will also remain important, as there is still a great potential and the financial attractiveness
of such systems for consumers is high. Furthermore, there are new integrated solutions that include building photovoltaics
plants on lakes, agricultural fields, parking lots or in facades. These are only expected to have small contributions until
2030, as they are still too expensive and no certain regulations are in place as of today.

Keywords: Photovoltaics, Renewable Energies, Renewable Energy Policies, Solar Energy, Stakeholder
Interviews, Sustainable Development
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1. Introduction

Transforming energy systems by increasing the share of renewable energy sources is part of the
global Sustainable Development Goals published by the United Nations and adopted by member
states in 2015. Within goal number seven, one of the three key targets is described as follows: “By
2030, increase substantially the share of renewable energy in the global energy mix” (United Nations,
2023).

The energy transition generally means a change from energy production and consumption based on
fossil fuels to a state of decarbonization, by applying natural resources to generate renewable energy
(S&P Global, 2020)

Germany has been at the forefront of this process early on. As a matter of fact, the term
“Energiewende”, which is the German word for energy transition, has become popular even outside
of Germany. There had been different actions before, but a milestone in the German energy transition
was the initiation of the Renewable Energy Sources Act (“Erneuerbare Energien Gesetz”,
abbreviation: EEG) in 2000. With that, Germany became the first country to have a governmental
law aimed at renewable energies (Morris and Jungjohann, 2016).

Renewable energies are called this way, because the natural resources they rely upon are
replenishable and, in contrast to fossil fuels, cannot be used up. Solar radiation causes the majority
of all these primary energy sources such as wind, water flows or biomass production. A direct usage
of solar energy is possible through solar thermal plants and photovoltaics (PV), a technology to
generate electricity from sunlight (Demirel, 2016).

As can be seen in figure 1 below, Germany reached a share of almost 50% regarding the energy

production from renewable sources in 2022. The second largest contributor with around 10% was PV
(Bundesnetzagentur, 2023).

Electricity mix in Germany (2022)

7% 5%
Wind
Others
22% .
RE : Photovoltaics
13% > w0l = Brown Coal Biomass
i = Gas L
u Water
= Black Coal 9%
Geothermal
Nuclear Energy 3%

0,1%
Fig 1. Electricity mix in Germany in 2022 (Own illustration based on Bundesnetzagentur, 2023)

Some of the key drivers of the energy transition are rising prices for fossil fuels, environmental
concerns, especially related to climate warming, and security concerns from the society regarding
nuclear power (Griindinger, 2017). Further dynamic comes from the significantly decreasing costs
for renewable energy technologies, as a matter of fact “renewables are increasingly becoming the
default source of least cost” (IRENA, 2022, p. 21).

In the past couple of years, energy security issues have also played a role in the acceleration of the
energy transition. Electricity prices had already risen in 2021 in Europe due to import shortages.
After the Ukraine war started in early 2022, the situation became even more intense, as energy



supplies from Russia were stopped (World Economic Forum, 2023). Renewable energy (RE)
produced in the regions where electricity is consumed can help to reduce import dependencies from
traditional fossil fuel supplying countries.

The EEG maintains its importance in the German energy transition in 2023. On January 1%, an
extensive amendment was published. With the overarching aim of becoming climate -neutral in order
to limit climate warming to 1,5°C, an accelerated expansion of renewable energies is emphasised.
Until 2030, renewables are planned to have a share of 80% in the electricity mix. For PV, there are
ambitious capacity addition targets as well. In 2022, a capacity of 7 GW was installed in Germany.
According to the EEG, this value should increase to 22 GW per year, a relative rise of roughly 300%,
and a total of 215 GW should be installed until 2030 (BMWK, 2022).

PV can be applied in different power plants. Traditional applications are ground-mounted and roof-
top systems. New concepts aim to integrate PV into sealed surfaces to prevent land-use conflicts, for
example Agriculture-PV (Agri-PV), Road-integrated PV (RIPV) or Floating PV (Wirth et al., 2021).

With this variety of different PV plants and the projected massive expansion of PV in the coming
years, two decisive questions remain. At first, it must be evaluated if these installation plans from
the government are actually reachable. Secondly, it is to be analysed to what extent the different PV
plants should contribute to this expansion. When evaluating the different PV plants, factors such as
the area potential, economic efficiency and environmental impact have to be taken into account. The
potential indicates the foundation with available areas, but costs and impacts on existing landscapes,
eco-systems and biodiversity of different PV systems can vary greatly on these areas. With the current
theoretical basis in literature, it is not possible to give a profound answer to the contribution of
different PV systems and to what grade the overall targets are reachable. However, for planning and
decision-making from key stakeholders within politics and the industry, this is crucial information.

This study therefore aims to gather data on the PV market and different PV systems, by interviewing
various stakeholders from the solar energy branch in Germany and support the data through literature
research. Appropriate literature includes recent scientific studies on PV systems and market
development as well as governmental publications.

The research is structured and guided with the following three research questions, focusing on the
key areas of the research task.

= Are the capacity addition targets by the German government of installing 215 GW of PV until
2030 reachable, with regards to policies and market structures?

=  How much will different PV systems contribute to the planned capacity additions until 2030?

»  What role will “integrated PV play in the German PV mix in 20307?

The results should provide an assessment of the governmental targets on the one hand, pointing out
constraints and challenges in the solar energy branch. On the other hand, a comparison between the
different PV plants based on the above-mentioned factors should also be enabled. This data can then
be used to derive and estimate the contribution of the different PV plants within the planned capacity
additions.

It must be noted, that this study is conducted under a set of limitations. The total available time for
this project is only a few months as part of the final thesis of the Master studies. Hence, there is
limited time for conducting the interviews, which also reduces the overall number of interviews held.
In addition to this, the outcome of the study heavily depends on the availability and contribution of
the interview partners. With the strategy, to interview a high variety of stakeholders of solar energy
in Germany, it is to some extent possible to compensate the limited total number of interviews.



2. Background

This section begins with a literature review, pointing out the status quo that the research topic,
constraint by the research questions, has in literature.

Furthermore, this chapter provides fundamental background information on which the research
questions are based. This includes a generic introduction of energy as well as electricity production
and usage, before the focus is put on renewable energies and solar energy in particular. A brief
technical foundation of photovoltaics and the different PV systems/PV plants is followed by an
overview of the historic development of energy production and consumption in Germany. In this
context, the regulatory framework and the characteristics of the energy transition are presented.

2.1. Literature Review

2.1.1. Global Studies

Today, the development of renewable energies supported by governmental policies is a global
phenomenon. Muhammed and Tekbiyik-Ersoy (2020) have analysed the relation between certain
policy instruments and their effects on renewable energies in three major industrial nations with
China, the USA and Brazil. Results show that a higher total amount of policies directly relates to a
higher installed capacity of renewable energies. The same conclusion was also drawn for the number
of corresponding patents. Two specific categories of energy policies were identified to have the most
significant positive impacts, which are policy support and regulatory instruments. Whereas policy
support measures ensure strategic planning and encourage the industry, regulatory instruments
“comprise of auditing, codes and standards, monitoring, obligation schemes, and other mandatory
requirements” (Muhammed and Tekbiyik-Ersoy, 2020, p. 12) aimed at an expansion of renewable
energies. Additionally, economic instruments, especially feed-in tariffs (FIT), are important to
incentivize investments.

A critique at RE targets is stated in the study by Rosenberg, Lind and Espegren (2013). The authors
argue that targets are often planned and calculated without analysing the variable of energy
consumption. But in reality, the impacts of an increasing or decreasing energy demand have a huge
impact on goal achievements. They also argue that because of the characteristics of renewable
energies, a higher share in the energy mix can usually be achieved with a decreasing demand, whereas
higher energy demand would probably mean a higher total installed capacity of RE, but the share
would be less. Due to these findings, the authors emphasise the importance of focusing on efficient
energy consumption in addition to expanding the energy production capacity (Rosenberg, Lind and
Espegren, 2013).

With their analysis of different nations, Muhammed and Tekbiyik-Ersoy (2020) point out that results
cannot be generalized among countries. On the other hand, they also conclude that the policies in
China are of particular interest for countries that plan to expand their solar energy capacities. A study
conducted by Ye, Rodrigues and Lin (2017) evaluates the impressive development of PV in China
by analysing Chinese energy policies, with particular focus on FIT. After introducing new FIT
regulations, China has managed to install 77 GW of PV capacity in a spell of five years. Furthermore,
China has become a key player in the PV market, exporting a huge amount of PV technology
components globally. FIT are nowadays a common policy instrument worldwide, but China has two
particularities that distinguish their regulations. To support an appropriate spatial development of PV
and avoid over-production in certain areas, China has introduced different FIT for different regions.
Secondly, FIT rates are frequently updated in accordance with market- and price developments, so



that return rates can be kept stable. Despite the conclusion that FIT policies have had successful
impacts on the PV development in China, especially for increasing installed capacities, the authors
also conclude that they pose high interferences in the free market (Ye, Rodrigues and Lin, 2017).

2.1.2. Studies focusing on Germany

For Germany specifically, several previous studies have analysed their energy policies, the PV market
and expected future developments. In a study carried out by Moore and Gustafson (2018), the
achievements regarding installed capacity of RE are mentioned, but Germany’s energy policy is
criticized to only focus on increasing the share of renewable energies. The authors point out the lack
of attention towards economic efficiency, market prices and energy security related aspects. The
critique is similar to the above-mentioned arguments stated in the policy analysis on Norway
(Rosenberg, Lind and Espegren, 2013). Furthermore, the authors have identified a lack of regulations
on existing infrastructure and emphasise potential risks concerning grid stability, if different RE
sources are further expanded. In their opinion, “a sound energy policy should strike an even balance
between sustainability, energy security, and economic efficiency” (Moore and Gustafson, 2018, p.
2). In addition, the ecologic motivation of the policies is questioned, as Germany has missed its
carbon dioxide (CO:) emission targets. With increasing regulations, however, Germany will have
more urgency to reach these targets, which could move the focus more on efficient energy
consumption. This in turn could pose to be a limiting factor for reaching the capacity additions for
RE and PV in particular. On a positive note, the overwhelming public acceptance of the energy
transition in Germany is emphasised. At the same time, the government should be cautious to
maintain this level, as future issues such as drastic price increases could potentially limit the public
support (Moore and Gustafson, 2018).

Throughout literature, there are numerous studies about the PV market in Germany. Wirth (2023) has
collected a wide range of facts in a publication. The importance of the energy technology is pointed
out, stating that PV is already a significant contributor in the electricity mix, reaching a share of 10%
in 2022. Especially the dropped system prices are stated as a driver, emphasizing the fact that large-
scale PV systems can produce the cheapest electricity among all energy technologies. Besides, market
mechanisms alone are not enough to reach further addition plans and governmental support measures,
mostly within the EEG, are crucial for future development. On that behalf, declining FIT in recent
years are seen critically. This development, related to the so-called degression rule, is also pointed
out by Henning et al. (2021) in a similar study. Furthermore, regulatory aspects such as time-
consuming approval processes, guaranteed long-term electricity purchase prices and specific support
for integrated PV systems need to be tackled. These systems are expected to have a large contribution
in coming years, as they allow PV to be built in already used areas, which is said to reduce land-use
conflicts elsewhere. Especially a further expansion of traditional ground-mounted systems is seen
critical, as they are in direct conflict with agriculture and nature protection. However, such systems
could also have positive ecological impacts, if carried out projects engage in renaturation of the area
(Wirth, 2023).

In contrast, an analysis by Henning et al. (2021) points out the importance of roof-top PV systems
for Germany. By 2021, 70% of the installed PV capacity was contributed by roof-top systems,
amounting to approximately 40 GW. The highest share falls to small residential systems up to 10
kWp. Regarding the development until 2030, they see the possibility of installing 140 GW of PV on
roof tops. On the other hand, uncertainties regarding future economic feasibility and bureaucratic
requirements are mentioned as limiting factors. On top of that, tendering and restrictions for self-
usage of electricity could also lead to hesitations among investors.

The German government has recently published a new strategic plan for PV development in Germany.
In this study, they claim that a variety of measures have been implemented and further ones will



follow in the coming years to make sure the targets are reached. As an overall share, they aim for
30% PV in the electricity mix (BMWK, 2023). Similar to Wirth (2023), large-scale systems are
reckoned as important contributors going forward, because of the lower relative costs. However, the
governmental publication argues for a high share of classic ground-mounted systems. Other system
types such as Agri-PV, Floating PV and PV on parking lots are also mentioned to have increased
importance and new specific regulations are planned for these. Roof-top PV systems are said to be
important especially because of the possibility to consume the energy directly. It is also argued, that
public acceptance can be further increased by financial incentives and the enhancement of community
participation models (BMWK, 2023).

2.2. What is energy?

During the 18th century, scientists began using the term energy to describe "diverse phenomena as
the transfer of heat, the motion of bodies, the operation of machinery and the flow of electricity”
(Everett, 2012, p. 1). In science, energy is now described as “the capacity to do work” (Demirel,
2016, p. 13). To understand this concept, it is important to be aware that energy is present in various
forms. The potential energy contained in a system can be accessed through energy conversions, in
which the work releases the energy from the system in a specific form. As a result, usable energy
such as motion, light, heat or electricity becomes accessible. Energy is measured in different units,
depending on its form, but the most prominent unit used as a basis is Joule (J). With regards to
electricity, the unit of kilowatt hours (kWh) is used, with one Watt equal to one J/s (Demirel, 2016).

In the early stages, energy was used in simple processes and applications, especially through burning
material such as firewood to generate heat and facilitate cooking. The industrial revolution during
the 19" century accelerated the energy demand and, through the introduction of machinery like steam
engines, transformed the way that energy was used. Besides firewood, coal and later also oil became
much more prominent energy sources used for burning processes. In the 20" century, the energy
demand continued to rise drastically, closely linked to rises in population and economic growth. On
the downside, burning fossil fuels causes emissions, through which different gases are set free that
can cause severe environmental damage. The most notable issue is that atmospheric gases, such as
CO:, accelerate climate warming, which results in numerous negative consequences for the earth’s
ecosystems (Everett, 2012). Today, approximately 80% of the world’s energy supply is received from
fossil fuels (Ritchie, Roser and Rosado, 2022). But because of the environmental harm caused, their
ending availability and energy security concerns, the share of these energy resources in the global
energy mix should decrease and they are to be replaced by sustainable alternatives, so-called
renewable energy sources (Everett, 2012).

2.3. What is renewable energy?

As the term “renewable” suggests, renewable energy (RE) can be extracted from natural resources,
that can reproduce itself infinitely. Besides the unlimited availability, RE also causes much less
emissions compared to traditional fossil fuel energy (United Nations, 2022). As a matter of fact,
almost all the RE sources are referred back to the sun’s energy, with geothermal heat being the
exception. Because the sun’s radiation on the earth is unevenly distributed, climatic- and weather
patterns occur and wind and water flows are the consequence. Furthermore, sun light also enables
plants to grow, inevitable for biomass production. These types of renewable energies are referred to
as indirect solar energy usage. They always require more than one conversion of the energy. In
contrast, solar energy can also be used directly, requiring only one energy conversion. In general,
this is done with two main technologies which are solar thermal systems that use the sun light to
produce heat, and photovoltaics, through which electricity can be generated (Bhatnagar, 2021).



2.4. Photovoltaics

2.4.1. Technical background and functionality

The energy technology photovoltaics (PV) converts sun light into electricity. This is possible through
so-called solar cells, which are combined to larger units, the solar modules, as visible in figure 2
below. The modules in turn can also be connected to larger systems, depending on the targeted
maximum capacity of the power plant (Energy.gov, no date).

Incidence of light

Solar module
\

Solar cell

Fig. 2. Illustration of solar cells (Mertens, 2014, p.13)

Within the solar cells, physical procedures occur that are similar to a photodiode. As the sun light
hits the cell, a movement of electrons from one side to the other is caused. In parallel, electron holes,
which have the capacity to transport electrons, move to the opposite side. Simply speaking, an electric
current establishes within the cell. This current is then derived through electric contacts on both sides
(electric minus- and plus poles) of the cell. It should be noted, that this movement of electrons carries
on infinitely, as long as sun light penetrates the cell (Mertens, 2014).

The power that a PV system provides is measured in the unit Watts (W). Depending on the size of
the system, the larger units Kilowatts (kW), Megawatts (MW) and Gigawatts (GW) are used. With
regards to the power output, the efficiency number of PV plays a key role. Presently, PV systems
reach efficiencies of around 20%, meaning that this share of the energy input (sunlight) can be
converted into electricity output. Furthermore, the output of a PV system is highly dependent on
current outside conditions, such as sun radiation, weather and temperature. For calculations, ideal
outside conditions are assumed and the power value is then called Watt Peak (Wp) (Mertens, 2014).

To illustrate such a calculation of potential power output, the following example is presented. An

assumed roof-top PV plant is built in Germany on a size of 40 square meters and with modules having
an efficiency of 20%. The potential capacity of this solar PV system would be as follows:

w
1000 — x 40 m?x 0,2 = 8000 Wp = 8 kWp
m



2.4.2. Different solar PV power plants

In general, solar PV plants always use a certain number of solar modules, that consist of a certain
number of solar cells. What differs greatly between various PV plants is how, where and how many
of these modules are applied. PV can be used as stand-alone systems in local settings without
connection to the grid, to directly use the generated electricity. Relevant to this research task, how-
ever, are larger systems that are connected to the electricity grid (Weller et al., 2010). Hence, the
different grid-connected PV power plants that exist today are presented at this stage. The two most
common ones are roof-top PV systems and ground-mounted PV systems. Additionally, so-called
integrated PV systems are presented, as they have been becoming more prominent recently. The key
argumentation basis for such systems are land-use conflicts and additional benefits in form of
synergies. As a matter of fact, integrated systems aim to install PV in areas that are already sealed or
used for economic purposes (Wirth et al., 2021).

A brief overview of the different PV systems that are in scope for this research project, is given in
the following chapters below.

2.4.2.1. Roof-top PV

Roof-top PV plants are the most common PV systems in Germany, amounting to around 70% of all
installed PV plants (Wirth et al., 2021). A majority of these systems have installed capacities between
10 and 30 kWp, typical sizes for private households. In the past few years, larger roof-top systems
have increased in number. They have been installed on commercial buildings and can have sizes of
500 kWp and more. In the past, roof-top PV systems in Germany have been heavily subsidized
through feed-in tariffs, as installation costs were more expensive. Nowadays, the subsidies have been
reduced significantly, as the PV systems have become much more affordable and the electricity
market price has increased. Therefore, it is more common to directly use the produced electricity
from the individual roof-top system, instead of feeding into the grid (Held et al., 2019).

2.4.2.2. Ground-mounted PV

Ground-mounted PV systems typically have a greater installed capacity than roof-top PV systems, as
they are built on expansive areas in the countryside. Usually, quit fields that have been used for
economic, agricultural or even military purposes before, are taken into consideration for ground-
mounted PV systems. As PV can be mounted flexibly within these spaces, it has the advantage to
optimize the direction and angles of the modules to maximize the electricity output. In some cases,
PV systems that track the sun light during a day and therefore change its direction are used as well
(Solarenergie.de, no date). Hindering factors for such systems are land-use conflicts, environmental
protection areas and acceptancy problems from local residents. Due to necessary preparatory
procedures such as feasibility studies or approval processes, ground-mounted systems usually take
quite long to be readily installed (Wirth et al., 2021).

2.4.2.3. Agriculture PV (Agri-PV)

The technology of Agri-PV combines land usage for agricultural purposes with electricity generation
through photovoltaics. The basic concept is that existing fields are covered with PV modules at a
certain construction height and density, depending on the growth conditions that the cultures need.
Due to these different heights in which the PV modules are installed, Agri-PV is divided into category
1 systems, that have high mounting structures and category 2 systems with much lower constructions,
closer to the surface. Studies have found out that covering the fields with PV has positive effects on



some of the cultures, as heavy precipitation and direct sun light are shielded. Depending on the
complexity of the constructions, Agri-PV systems have significantly higher installation costs than
ground-mounted PV systems (Wirth et al., 2021).

2.4.2.4. Floating PV

This technology uses swimming substructures to enable PV modules to float at the surface of waters.
In Germany, it is applicable especially at former open pit mines or other artificially created lakes.
Due to the fact that the PV modules at the surface of the water reflect incoming sun light, overheating
of waters can be prevented. On the other hand, negative impacts on these ecosystems have to be
considered and especially the shore areas of the waters cannot be used, which limits the availability
of space for PV (Wirth et al., 2021).

2.4.2.5. Building-integrated PV (BIPV)

As PV modules are available in different forms and colours nowadays, it is possible to directly
integrate these modules in buildings, for example as elements in facades. By doing so, additional
areas of properties can be used for electricity generation and because no extra construction systems
are needed, less material than in roof-top PV systems is needed. However, the planning processes,
architectural constraints and potentially complex module structures can increase costs for such
applications (Wirth et al., 2021).

2.4.2.6. Road-integrated PV (RIPV)

Potential integration of PV systems into road infrastructure is possible through noise barriers,
canopies or with PV as the actual driving- or walking surface. The main advantage is, that already
sealed surfaces are used, so no additional land-use conflicts occur. Another advantage is that
overshadowing the driving surface can potentially increase its lifecycle time. However, high
construction costs, especially for canopies over roads, as well as safety standard that have to be met,
must be considered as drawbacks (Wirth et al., 2021).

2.4.2.7. Urban PV

Urban PV describes all PV systems that are installed in urban areas within already sealed surfaces.
Examples are PV systems above parking areas or garages for cars or bikes. In some of these
application areas, the shade provided can be a positive effect, especially in summer when urban areas
heat up drastically. Because already sealed surfaces are being used, no land has to be sacrificed that
provides natural habitat for species or can be used for other purposes. The relative costs to
conventional systems depend on the costs of the specific constructions (Wirth et al., 2021).



2.5. Solar PV in Germany

2.5.1. The energy transition

Already in the 1970’s, protests against nuclear energy in Germany have triggered political attention
for changes in the country’s energy system. In the 1990s, different federal laws were initiated that
introduced mandatory payments for renewably produced electricity, as part of the bid to increase
feed-ins from renewable energy sources. The breakthrough certainly was the adoption of the
Renewable Energy Sources Act (EEG) in the year 2000. This law, which since has been updated
many times, targets “reducing CO: emissions, increasing power production from renewable sources,
and promoting energy efficiency” (Moore and Gustafson, 2018, p. 1). Its main instruments are feed-
in tariffs and priority regulations for electricity produced by RE sources. The latest update has
become valid from January 1* 2023 and its regulations concerning PV will be discussed in chapter
2.5.3. With the governmental regulations included in the EEG, Germany has been able to significantly
increase its share of renewable energies, a value that was only 6% in 2000 (Moore and Gustafson,
2018). In 2022, the share of renewably produced electricity has reached a value of 44%. Photovoltaics
contributes with a total share of around 10%, with only wind power having a higher share with 22%
(Agentur fiir Erneuerbare Energien, 2023). Overall, Germany aims to increase the share of renewable
energies to 80% by 2030, with photovoltaics having a key role in achieving this target (BMWK,
2023).

Besides the focus on increasing the installed capacity of RE, improving the energy efficiency has
become another major target. Especially the achievement should be reached, that energy consumption
does not grow in parallel to GDP growth anymore. In that context, Germany has invested heavily in
energy efficiency improvement measures. Even though the overall energy consumption has remained
fairly constant since 2000 and GDP has increased significantly, this can only be described partly as
a success. This is because the majority of the improvements have been made within private
households, but the energy intensive sectors industry and transportations have remained more or less
the same (Moore and Gustafson, 2018).

The energy transition has also come with several problems, especially for the power grid. The nature
of RE to be dependent on outside conditions and the fact that they are very distributed location-wise,
are challenges for grid management. This also explains why Germany still has its second highest
share of primary energy production resulting from coal and is also dependent on electricity imports
from neighbouring countries. The high share of coal furthermore is a limiting factor why Germany
has not been reaching its emission targets (Moore and Gustafson, 2018).

2.5.2. The Up’s-and Down’s of the German PV market

The development of the PV market in Germany has faced significant fluctuations since the EEG first
became valid. Figure 3 below shows the annual installed capacity in Gigawatts. In 2022, a value of
7,2 GW has been reached, continuing the steep upward trend since 2018. The columns for the years
2023 until 2030 show the governmental targets, which see the annual installed capacity triple over
the next four years and then stabilize at 22 GW per year. Despite the positive recent development and
the promising outlook for PV, the graphic also shows a significant collapse of the PV market between
2013 and 2017. As a matter of fact, between 2010 and 2012 the capacity additions were already on a
higher level than last year (BMWK, 2023).
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Fig. 3. Annual installed PV capacity (Own illustration based on Quaschning, 2023 and BMWK, 2023)

The reason behind was an EEG update in 2012 which included monthly reductions of PV -related
subsidies and grants. This was initiated by the government, as PV system costs had decreased at that
time and the government felt that less support for the market was needed. However, it quickly became
evident that the decreases in system prices could not match the drastic decreases in subsidies, which
lowered the attractiveness of PV for consumers. As a result, the market collapsed by 55% in 2013
and the annual installed capacity remained constant on a low level until 2017 (BSW Solar, 2014).

The upward trend in the market since 2018, especially accelerating in the past two years, is down to
several reasons. On the one hand, system costs have continued to decrease greatly, as a matter of fact
by 75% in the past 12 years. Furthermore, feed-in tariffs have decreased as well. This has made it
less attractive for end consumers to feed-in the electricity produced into the grid, but with rising
energy prices, solar PV has become more and more attractive especially for private users, because
the energy can be used directly (Wirth et al., 2021).

Another driving factor was the governmental election in fall 2021. The new government with
contribution of the green party, agreed to develop the PV market in Germany with high urgency and
changed the targets for the share of renewable energy in the electricity mix to 80% until 2030 and
committed to reaching climate neutrality until 2045. In addition, the government has made several
adaptations to the EEG, with a large reform of the act having been published in January 2023
(Enkhardt, 2021).

The PV-related regulations of this new EEG version are discussed in chapter 2.5.3.
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2.5.3. The latest EEG and its regulations for PV

The latest version of the EEG, which became valid as of 1% January 2023, is seen as the biggest
amendment of the act in years. It is aligned to the targets from the Paris Agreement to limit climate
warming to 1,5°C and therefore has the overarching target of increasing the share of renewable
energies in Germanys electricity mix to 80% already by 2030. This should be achieved especially
through an acceleration of the installed capacity of solar PV and wind energy (Die Bundesregierung,
2022).

Already previous to releasing the new EEG, feed-in tariffs for solar PV system have been increased
for the first time in many years. Furthermore, the EEG includes less bureaucratic hurdles, especially
regarding grid connection. Before, it was the usual practice that a net operator had to be present for
the connection. This is now no longer the case for small systems up to 30 kWp and should speed up
the installation process. If PV systems cannot be installed on the roof, the EEG now also subsidizes
PV systems in gardens. Another measure is that the so-called EEG levy was cancelled. This had to
be paid by electricity consumers before in order to support the development of renewable energies.
Because of the cancellation of this levy, the government hopes to encourage electrification for private
and commercial players, which should reduce emissions (BMWK, 2022).

For small private systems there are additional new regulations. The 70% rule is not valid anymore,
that had limited feed-in before, so now it is possible for producers to feed-in 100% of their produced
electricity. Secondly, the EEG allows the operation of two different PV systems on one roof, offering
the possibility to have one system for own usage and one to feed into the grid. The EEG also features
tax improvements, as the earnings from grid feed-ins and also the self-used electricity now require
no value-added tax anymore. Additionally, no value-added tax needs to be paid for delivery and
installation of PV systems up until 30 kWp, instead of 10 kWp which was the boundary before
(Solarwatt, 2023).

There are several changes for larger systems, too. Public tendering, which had been carried out for
ground-mounted PV systems already, is now also possible for areas appropriate for integrated PV
systems such as Agri-PV or Floating PV. In addition, there are general improvements regarding
public tendering, which in the past has often been a hindering factor for PV installations. Commercial
roof-top systems that can be financed by market bonuses do not need to take part in tenders anymore.
There are also no tenders necessary anymore if a PV system between 300 and 750 kWp is built for
private usage. Finally, tendering omits if the PV project is carried out by public energy agencies.
Furthermore, privileged areas besides roads and tracks have been increased from 200 meters to 500
meters, providing additional possible areas for PV systems (Solarwatt, 2023).

2.5.4. PV electricity costs

There are several concepts to calculate the financial performance of a power plant for electricity
generation. One of the most prominent ones is the concept of Levelized Cost of Electricity (LCOE).
With the formula that can be seen below, it is possible to calculate the price of generated electricity
over time, in relation to the initial investment costs, annual operating costs (including maintenance
and fuel) and the estimated lifetime of the power plant. The final result is given in a currency value
per kWh, usually in Euro cents per kWh (Ragheb, 2017).
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Iy = Investment costs

A; = Annual total costs in year t

M, ¢ = Generated energy in the specific year in kWh
I = Interests

n = Economic lifetime in years

t = Year of usage

A study published by Fraunhofer in 2021 applied the LCOE concept and compared different
conventional and renewable energy technologies in Germany with each other.

LCOE of different technologies in Germany
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Fig. 4. LCOE of different energy technologies in Germany (Own illustration based on Kost et al., 2021)

The outcome, which can be viewed in figure 4, showed that large scale PV power plants are today
the cheapest from of electricity generation, with LCOE ranging between 3,5-6 cents/lkWh. Smaller
scale roof-top PV systems reach values from 6-11 cents/kWh. The LCOE for wind power range from
4-8 cents/kWh for onshore plants, but are with 7,5-12 cents/kWh significantly higher for offshore
wind power. The in Germany traditionally important conventional energy generation technologies
coal and gas have much higher LCOE. Coal reaches values from 10-20 cents/kWh and gas even
between 11-29 cents/kWh. However, what has to be kept in mind is that LCOE always assumes that
power plants are newly built from today. Of course, existing power plants could be more efficient
from a financial perspective, so the opportunity cost of shutting down an old power plant and
replacing it with a newly built one have to be considered. On the other hand, this study also shows
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that renewable energy technologies can now compete in economic terms with conventional
technologies (Kost et al., 2021).

2.5.5. PV environmental compatibility

In general, solar PV as a renewable energy source with zero carbon emissions in the energy generation
has a comparably high environmental compatibility. Furthermore, natural resources are not used up
within the electricity generation processes, which give the technology a clear advantage over
conventional fossil fuel technologies (Tsoutsos, Frantzeskakib and Gekas, 2005).

On the other hand, there are some negative impacts for the environment as well. With the space
needed for large ground-mounted systems, existing eco-systems in these areas can be negatively
influenced. Furthermore, a potential loss of chemicals from the components of the solar panels could
pollute soils and water in close proximity of the power plants. Another aspect is the visual distraction
from the solar modules and how this changes the landscape. Besides the environmental impact of the
actual solar PV plants, the impacts related to production and transportation of PV components should
also be considered. These cause carbon emissions through burning conventional fuels and use-up a
high amount of energy in general. Especially because of the global supply chains, high distances need
to be covered through transportation. Negative environmental impacts can also occur from the mining
processes, necessary to get the raw materials for the different components of a solar PV plant. These
excavation procedures come with significant interventions into local landscapes. Furthermore,
depending on the conduction of these processes, chemical pollution is a risk, too. Finally, towards
the end of the product lifecycles, waste is another issue. Hence, it is important to introduce waste
management systems and component recycling, especially to reduce mining processes in the future
(Tsoutsos, Frantzeskakib and Gekas, 2005).
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3. Methodology

3.1. Research problem and motivation for research

As presented in the literature review, the past development of photovoltaics is covered to a great
extent in previous studies. There is also a lot of research available on energy policies, both for
renewable energies in general and photovoltaics in particular. Case studies across the globe have
shown the effectiveness of such governmental support measures and the possibility to significantly
scale-up renewable energies. At the same time, short-comings are also pointed out.

For Germany, the targets and the approach for future development regarding PV is transparent.
Traditionally, the most important PV systems are small-scale residential roof-top PV systems and
large-scale ground-mounted systems. In addition, more recently, new concepts such as Agri-PV,
Floating PV and Road-integrated PV have emerged, which are summarized with the category of
integrated PV (Wirth et al., 2021).

To the authors’ best knowledge, there is no holistic analysis evaluating the feasibility of the capacity
addition targets by the German government and the contribution of different PV systems towards
these targets. For adequate strategic planning, both from politics and industry, it is important to know
the opportunities and problematics from these different system types in Germany.

In this study, both the policies and the market constraints are evaluated, in order to come to a
conclusion of the reachability of the capacity addition targets. Furthermore, the different above-
mentioned PV systems are analysed based on economic and ecological criteria. With the results, the
relative importance of the individual system types within the total capacity addition plans until 2030
can be stated. Additionally, potential actions can be pointed out that further support different system

types.

3.2. Data collection procedures

To address the research problem, data is collected through the qualitative methods of semi-structured
interviews and literature analysis.

The core empirical data generation of this research project is realised through semi-structured
interviews, conducted with stakeholders of the solar energy branch. Semi-structured interviews offer
the participants the flexibility to express their opinions and thoughts in detail and at the same time
give the researcher the possibility to somewhat steer the communication with a previously prepared
interview guide (Galletta and Cross, 2013). The use of pre-defined questions, focusing on the main
research tasks included in the research question, enable access to the thoughts and view-points of
different stakeholders, which are important for the generation of theory. Applying mostly open-ended
guestions also makes sense for this research, because it enables gathering the individual opinions and
experiences of the stakeholders to a high extent. That is especially important, as the main part of this
research is a future outlook and thoughts are often in conceptual or visionary state. Because of these
reasons, applying the data collection method of semi-structured interviews is a great fit for this
research project.

How exactly the interviews were prepared and conducted is documented in chapter 3.2.1.
Furthermore, the applied interview guide is included in Appendix A.

To support the data generated from the interviews, literature analysis is carried out. On the one hand,

this methodology is applied to provide a profound knowledge foundation of the energy transition in
Germany, including corresponding governmental regulations, and the key characteristics of renew-
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able energies in general and photovoltaics in particular. All this information is vital both for the
researcher to construct the research design and for the readers to obtain all necessary background
knowledge. To summarize, literature analysis in this context is the basis for “advancing knowledge
and facilitating theory development” (Snyder, 2019, p. 333) which will follow later in the research
process. The outcomes of this part of the research are presented in the Background chapter.

On the other hand, literature analysis is also used to evaluate characteristics of the different PV
systems types, to complement the data collected from the stakeholder interviews and to address the
research questions. Economic and ecological aspects of these system types are the main focus points.
More information about this part of the methodology is available in chapter 3.2.2.

3.2.1. Conducting the semi-structured interviews

Before the actual conduction of the interviews, a number of preparatory measures were undertaken.
At first, potential interview partners had to be defined. For the following search, organizations and
individuals had to fulfil some criteria, which qualify them as potential interview partners. These
criteria can be viewed in table 1 below.

Table 1. Criteria for interview partners (own illustration)

Criteria for interview partners

Criterion 1 Active stakeholder of solar energy in Germany (organizational)
Criterion 2 Several years of experience within photovoltaics (individual)

Criterion 3 Employed in a role with visionary/developmental view (individual)
Criterion 4 Awareness of market and regulatory framework in Germany (individual)

The second step was to create a list with the different key stakeholders of solar energy in Germany.
This list did not include any specific organizational or personal names at first, instead it was aimed
at defining categories for the stakeholders. The categories include experts from different academic,
political and industrial institutions.

In table 2 below, the stakeholder categories and the number of interview enquiries made per category
are listed.

Table 2. Stakeholder categorization (own illustration)

Stakeholder category Number of enquiries

Academic institution 2
Energy Provider 8
Industry — Manufacturing 10
Industry — Trade 11
Industry — Installation and Maintenance 3
Politics — Federal 1
Politics — Regional 3
Services and Consulting 2

Subsequently, the potential interview participants from the different stakeholder categories were
contacted. The approach was to contact persons directly per mail, providing a summary about the
research project and the framework of the interview. Overall, an interview acceptance rate of 28%
was reached.
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Another important preparation was the creation of an interview protocol, also referred to as interview
guide. As explained before, a guide with pre-defined questions is used in semi-structured interviews.
However, it has to be constructed and used carefully in order to achieve as much objective primary
data from the interview partners as possible. Reciprocity and reflexivity are two crucial factors to
consider during the interviewing process, which are further elaborated on in chapter 3.2.4. One
further consideration was about which language to use for the interviews. As this research project
was conducted in English and potential interview partners would have likely spoken English fluently,
it was first considered to do the interviews in English. However, there would have also been a risk
that the quality and the quantity of the collected data could have decreased and the set-up of having
an interview conducted between two native German speakers seemed more secure.

For the interviews in this study, it was decided to use Microsoft Power Point as a program for the
interview guide, because interviews were carried out in online meetings using Microsoft Teams and
Power Point offers the possibility to share some graphical information. The Power Point presentation
was constructed in a way, that it guides the researcher and the participant through the different
sections of the interview, including graphics that should be used as a starting point of discussions.
At the same time, it was paid close attention, that the graphics displayed and questions asked do not
influence the opinions and the answers of the participants in an unintended way. Therefore, only
widely available data which can be assumed as common knowledge within the solar energy branch
was used. Additionally, it was emphasised within the interviews that the information provided
represent actual facts. All the slides and questions from the interview guide can be found in the
Appendix in section A.

The interview guide was generally structured in three segments, increasing the specificity and theory-
orientation gradually during the interview (Galletta and Cross, 2013).

The opening-segment includes an introduction of the purpose of the research as well as an expression
of gratitude towards the participant. Furthermore, it has to be ensured that the participant has signed
a consent form and that the recording and transcription of the interview is agreed on. When the actual
interview begins, the questions within this segment are fairly open, but with clear relation towards
the research question. By doing so, a comfortable environment is created in the interview, as the
participant can narrate from his/her experience. It also provides the opportunity for the researcher to
take the time for notes and focus on details, that can be further probed later in the interview (Galletta
and Cross, 2013). In the case of this research project, open questions regarding the general state of
photovoltaics in Germany and personal takes on the past- and anticipated future development were
asked.

Within the middle segment of the interviews, the style of questioning changes towards more specific
guestions, increasing the theoretical depth. For this, a set of specific questions is prepared in the
interview guide that the researcher follows. It is also key for the researcher to actively probe for
meaning by engaging with the interviewee. Also, it should be paid attention to narratives already
derived in the opening segment and it is the responsibility of the researcher to bridge to these
thoughts, draw connections and probe for meanings. This segment is key for theory generation in
order to identify answers to the research questions (Galletta and Cross, 2013). Therefore, the
guestioning in this segment within the present research project focused on the following main aspects
of the research questions: the capacity addition targets and the legal framework of the German
government, different PV power plants and the future photovoltaics mix as well as ecologic and
economic benefits and drawbacks of the different PV plants.

Finally, the concluding segment does not address any questions on completely new topics. Instead,
the researcher and the participant look back to earlier narratives and pursue the targets of further
meaning-making and identifying theoretical connections. The researcher has to make sure that
theories can be derived from existing narratives and should use questions accordingly. If this process
is nearing the end, the participant can be asked to add any further comments, signalling the

16



termination of the interview. As the interview fades out, the valuable contribution of the interviewee
should be highlighted (Galletta and Cross, 2013). For this research task, a few questions with possible
theoretical connections were already incorporated in the interview guide. However, it depended
highly on the actual narratives of the previous segments of the individual interview, what questions
were actually asked in the concluding segment.

As the interviews were recorded (audio and video) and the transcribing function of Microsoft Teams
was used, the entire interview data had been available for the researcher afterwards. Subsequent to
the conduction of the interviews, the automatically generated transcripts were reviewed for
correctness with the audio recording. In the following, the transcripts were reworked to a simplified,
cleaned-up and anonymised version that was then used in the data analysis section which is further
elaborated on in chapter 3.3.

3.2.2. Literature analysis to support interviews

As stated in chapter 3.1, literature currently lacks information regarding the contribution of different
PV system types in the capacity addition plans.

Traditionally, literature analyses are often conducted to analyse and compare existing theory,
extensively looking through a complete set of literature. On the other hand, “literature reviews can
also be useful if the aim is to engage in theory development” (Snyder, 2019, p. 334). In such cases,
systematic literature analysis is not the right approach and instead so-called integrative literature
review can be applied. With the advancement of knowledge as a target in mind, this approach aims
to analyse meanings and perspectives from different publications. Compared to systematic reviews,
it is not required to analyse a complete set of literature, e.g. all articles available in a certain time
span. Instead, integrative literature reviewing comes with more creative researching procedures, to
find the most appropriate publications with high connection to the underlying research question
(Snyder, 2019).

Based on these theoretical guidelines provided by Snyder (2019), literature analysis as a qualitative
method was used in this study to complement the data from the stakeholder interviews, contributing
with quantitative and qualitative information regarding the key criteria of the different PV plants.
Especially concerning the more traditional PV systems such as roof-top- and ground-mounted PV,
literature offers a wide range of information that could be used for comparisons between the different
PV systems. Additionally, studies on anticipated future development of PV could be applied as well
as comparative studies from different countries.

At first, some inclusion criteria for potential publications were defined. They had to be either in
English or German language and with a publication date in 2018 or newer. Furthermore, only
publications that are peer-reviewed and scientific were taken into consideration. Lastly, publications
had to match certain keywords, which are: Roof-top PV, Ground-mounted PV, BIPV, Agri-PV, RIPV,
Floating PV, LCOE, potential, challenges, chances (all connected to PV). After the initial search, the
publications were roughly evaluated regarding their fit to the research project by reading through the
abstracts. The articles left over were then taken into further consideration for contributing to theory
development.
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3.2.3. Data analysis with Grounded Theory Methodology (GTM)

The empirical interview data was analysed applying the Grounded Theory Methodology (GTM). This
method is generally used for theory development and, as the name suggests, aims to do so by deriving
theory that is grounded in data. GTM consists of four key components which are “constant
comparison, theoretical sensitivity, theoretical sampling, and theoretical saturation” (Oktay, 2012, p.
16). Constant comparison denotes the core functionality of Grounded Theory. The aim during the
theory generation process is to constantly compare data with each other and derive concepts in the
process. Theoretical sensitivity is described as an attribute the researcher should have. It includes
analytic thinking in order to become aware of research strands available in literature. Additionally,
it is influenced by personal experience and individual characteristics. As the focus of GTM is to
generate theory, sampling should not be done in a systematic manner prior to the data collection.
“The aim instead is a sample that allows thorough exploration of the relevant concepts” (Oktay, 2012,
p. 7), and this can change during the data collection process. Finally, theoretical saturation means,
that a point is reached where newly collected data does not provide any new attributes towards theory
generation of a specific category. Data collection can then be terminated (Oktay, 2012).

GTM in practice is characterised by its iterative approach. This means that in the first steps of the
data collection, theory is derived inductively. However, as the data collection continues, so does the
data analysis. As a result, previously defined theoretical concepts are re-evaluated with newly
collected data, resulting in deductive theory testing. This multi-stage process continues as long as the
saturation point is not yet reached (Oktay, 2012).

Theory development within GTM is realised through coding data and identifying categories and
concepts from the codes. More concretely this means that the collected data should be examined for
frequently occurring themes and patterns. When these correspondences and similarities are identified
they can then be grouped together and be given a title, which then represents the specific code. Further
along the analysis process, more and more codes will be formed and the abstraction level increases.
This will then enable the researcher to define categories, also referred to as concepts, that consist of
several codes and form a group of generated theory (Bryant and Charmaz, 2007).

Overall, GTM is regarded as a great fit for this study, because real-world situations could be
examined through interviewing the solar branch stakeholders and the collected data could be used to
generate new theory. Furthermore, the iterative character of GTM strongly supported the inductive
theory generation process and helped to build-up theory already in parallel to the data collection from
the interviews.

Concretely in this research project, the procedural approach of coding, developed by Strauss and
Corbin, was used to rearrange the collected data and integrate it into categories, before ultimately
new theory was developed. As part of the coding, the following three steps were applied: Open
coding, axial coding and selective coding. In the first step, data was examined, broken down and
rough categories were formulated. Secondly, relations between the categories were searched and sub-
categorisation was applied to refine the data. Selective coding was actually carried out in parallel to
axial coding which helped to generate the final core categories by validating the relationships of the
categories with a high level of abstraction (Belgrave and Seide, 2019). A condensed overview of the
outcomes from the coding procedures can be viewed in the Appendix, section B.
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3.2.4. Comments on limitations, reciprocity and reflexivity

The research was limited due to time constraints. Therefore, only a certain number of interviews
could be conducted and the developed theory could only be tested to a small degree. As mitigation,
the variety of stakeholders interviewed was targeted to be as high as possible and criteria were
chosen, that were possible to evaluate within the time constraints.

Furthermore, the role of the researcher had to be acknowledged during the research. With personal
theoretical knowledge and work experience in the solar industry of the researcher, there was existing
bias regarding the research field. Due to that reason, it was paid close attention during the creation
of the interview guide, that personal opinions were not part of the sections and questions. This data
collection approach with applying semi-structured interviews also posed some challenges. To
maintain the objectivity as high as possible in the research and to make theory development
transparent, all interviews were transcribed electronically and transcripts were worked with closely
in the data analysis of the research.

During the actual interviews, it was crucial to acknowledge the terms reciprocity and reflexivity.
Often, the researcher is described as an instrument, emphasising the active role he or she has in the
generation of theory. Regarding reciprocity, it is the researcher’s responsibility to guide the flow and
direction of the interview and the unfolding theories. As a result, depending on the involvement of
the researcher during the conversations, the outcome can highly differ or is highly influenced by the
researcher’s actions. On the other hand, this is important as well, because the researcher always seeks
to answer the research question of the research project and therefore has to guide the interview
participant to a certain extent in order to focus on the main topic areas, connected to the research
questions. Of course, through the conduction of several interviews, past experiences help to improve
the interviewing skills. Within the process of coding the data from the transcripts, engagement of the
interviewer is analysed as well. This process is called reflexivity and should be included in the
outcome of the research (Galletta and Cross, 2013).

Overall, the interview protocol as an instrument to guide the researcher worked well. The most
important topics were touched with the same or very similar questions across the different interviews
that were held. Despite, a few anomalies were identified in the transcripts, where the researcher
actively influenced the conversation in an unintended way. In general, the open- and middle-segment
of the interviews were not much of a problem, as the number of follow-up questions was less. In
contrast, in the closing-segment, active probing for meaning often led to a higher involvement of the
researcher. In some of the interviews, this led to open discussions, and the personal opinions of the
researcher obviously became a part of the data, too. Whereas these impacts can be expected from
studies like this, it is still important to consider them as part of the results. For the coding, some of
the data impacted by high involvement of the researcher was evaluated critically and was left out in
a few cases, in which the connection to the personal opinion of the researcher was too high. At the
same time, it could also be detected that the previous knowledge of the researcher actually helped in
the data collection procedures, especially the interviews. Specific follow-up questions on different
narratives were only possible because of this previous knowledge. Furthermore, the flow of the
interview could be ensured at almost all times, for example by summarising already mentioned
aspects or by bridging the conversation to another topic. With more and more interviews conducted,
it also became noticeable, that already collected information from previous interviews was tested
with the current interview partners, even though this information was not originally included in the
interview guide.
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4. Results

The questioning in the interviews and the previously defined research questions provided a
structuring format for the results of the data collection. The application of coding as a part of the
grounded theory methodology (see chapter 3) enabled the creation of theoretical knowledge for the
different sections of this structure that provide answers to the research questions.

To summarize, solar PV is regarded as the cheapest and most environmentally compatible energy
technology and is expected to be the main contributor in the energy transition in Germany in the
coming years. The ambitious governmental targets, political measures and the enormous demand will
lead to significant growth. In principle, the governmental target to install 215 GW until 2030 is
reachable, but there remains serious doubt whether this value is realistic. The main challenges to
overcome are lacking installation capacities and bureaucratic hurdles. The 2030 PV mix will likely
consist mostly of ground-mounted and roof-top PV systems, with the share of large-scale systems
rising to make use of scale effects, however integrated PV systems can make an increasing
contribution if appropriately supported. The chapters below elaborate further on these theories.

4.1. Recent dynamics in the PV branch

4.1.1. Overall market development

The development of solar PV in Germany can be summarized as being dynamic, strong and positive.
Interviewed stakeholders see several drivers that have caused this rebound, because despite a
previous boom between 2009 and 2012, the market had collapsed, and it was not before 2018 that it
began to grow again. One of the main drivers originates from PV technology itself. As prices have
decreased significantly, PV is now often the cheapest form of electricity generation. This has
generated more interest from consumers and enabled new business cases and investment
opportunities. Additionally, the dependency on governmental support measures is not as high as it
used to be in the past. Despite the financial attractiveness, potentially rising interest rates remain a
concern, that could potentially eliminate economic benefits and slow-down market growth.

Another driver is from the political side. Since the new German government was formed in 2022,
renewable energies in general and PV in particular have been in great focus. The EEG and
corresponding support measures have been reworked and new ambitious targets were formulated to
underline the governmental plans to increase PV capacity drastically.

A further driver has been the energy crisis in the past couple of years, with rising electricity prices
and energy import concerns due to political tensions. With that, the desire to reduce import
dependencies and price uncertainties has increased among consumers and the government. There-
fore, market demand is extremely high, as more and more private and commercial consumers consider
using PV for their own electricity demand.

To summarize, these drivers have made PV the energy technology with the highest public acceptance.
In consequence, PV is expected to be the fastest growing energy technology in Germany in the
coming years, significantly increasing its share in the electricity mix. PV growth is expected to be
even faster than growth of wind power, although wind is said to be the second major contributor
going forward. The main advantages of PV in comparison to wind power are shorter installation times
and higher public acceptance.
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4.1.2. Impacts of the EEG amendment

The EEG remains an important instrument for PV development and the 2023 amendment will further
support the capacity installations and underlines the governmental ambitions, however there are still
adaptations necessary, especially to improve conditions for landlord-to-tenant electricity and
integrated PV concepts.

The newest version of the EEG has mainly been taken positively across the PV market. Especially
the governmental ambition to quickly and significantly increase the installed capacity of PV that
becomes clear with the annual installed capacity plans, has been very well received by stakeholders.
Furthermore, some of the concrete measures are expected to make a significant impact. For example,
the elimination of tendering for medium-scale PV systems is of great importance for the market
segment Commercial and Industrial (C&I), where a lot of potential systems will be below the limit
of 750 kWp. Without tendering, the planning phase of a potential PV system can be shortened and
the uncertainty with regards to the overall investment is reduced, as fixed feed-in tariffs can be
calculated with. Another frequently mentioned point is concerned with additional privileged areas
adjacent to rail tracks and motorways. Before, the areas with a proximity of 200 metres were
privileged for PV systems, but now the increase to 500 metres has offered the potential for more and
larger systems. Further key improvements seem to be specifically addressed at installation firms and
private customers, strengthening the segment of residential PV systems. For a majority of newly built
private roof-top PV systems, no grid operator has to be present anymore when the system is
connected, as the limit has been increased to 30 kWp. This should avoid the case that the PV systems
are completely built but operation has to be postponed because of the limited availability of grid
operating agents. The elimination of value added tax for private consumers with regards to purchasing
PV systems and using the own produced electricity is seen as another motivational aspect for
consumers and positively influences the demand in the residential roof-top PV segment.

Besides the praise for the EEG’s ambition and its various improved regulations, there remain critics
and suggestions for enhancements. It appears to be consented, that the current regulatory basis will
not be sufficient to reach the total installation target of 215 GW until 2030. It is also questioned
whether this value is actually enough, as the energy demand is expected to rise significantly due to
further electrification, for example with e-Mobility and electrified heat pumps. A repeated critique
of the EEG regulations is concerned with the unattractiveness for landlords to install a PV system on
a leased-out property. There are still complicated and bureaucratical obligations for the landlord to
account for the electricity consumption of the tenants and the associated earnings. Stakeholders
regard this landlord-to-tenant electricity as a very important segment with great potential as there are
still many areas available and electricity can be consumed directly by various parties living in the
property. Another factor that could hinder the capacity addition targets is the lack of EEG support
measures for large-scale systems, even though these are growingly realized today through Purchase
Power Agreements. PPAs are contracts between an energy producer and an energy buyer, which can
either be a corporation or a grid operator. These contracts usually have durations of five years or
more and secure a certain electricity price, however there are also flexible contracts in which the
price is related to current market prices (Next, 2023). The financing model of PPAs reduces the
influence of the EEG and increases the dependencies on market development only. There is also the
risk that large-scale systems are built outside of Germany, where the regulations are more beneficial.
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4.2. Feasibility of the capacity addition targets

It is expected that the PV market will grow significantly until 2030. The question remains though,
how large the growth will actually be and if the capacity addition plans by the German government
can be reached. As stated earlier, the EEG foresees total capacity additions of 215 GW until 2030,
ramping up the annual installed capacity from 7 GW in 2022 to 22 GW in 2026 and then keeping this
pace of installations until 2030.

The majority of the stakeholders are of the opinion that these targets will not be reached even though
theoretically it would be possible. Interestingly, there have been some interview partners that do not
think that the targets in the next few years can be reached because the market cannot grow so quickly,
whereas others reckon this ramp-up phase is indeed realistic, but they are sceptical about the
feasibility of managing the total amount of 22 GW per year. But despite the anticipation of missing
out on the targets, they are not said to be completely unrealistic and a high share of the overall
planned capacity could probably be reached. Surely, future regulatory measures, for example through
amendments of the EEG, could improve the situation. An interesting fact is, that there is a consent
that from the demand side, these targets could definitely be reached. There are even some arguments
that the demand for 22 GW is already present today. So, the challenges really lie on the supply side.
Table 3 below lists the most frequently mentioned challenges and their criticality of reaching the
installation targets. The criticality is assessed from both the likelihood and the magnitude of the
impact, as expressed by the interview partners.

Table 3. Major challenges to reach the governmental target of 215 GW installed capacity (Own illustration)

Challenge Stakeholder mentions Criticality

Installation capacities 73% High
Bureaucratic hurdles 64% High
Financing 27% Medium
Import dependencies/Supply Chain 27% High
Local acceptance 18% Low
Material scarcity 18% Medium

The most critical challenge standing in the way of the targets are lacking installation capacities. From
all interviewees, 73% mentioned this challenge. As the annual installations should triple, the amount
of installation companies and ultimately skilled workers should increase at a similar rate. However,
this is seen as highly challenging. One reason is that installation companies are growing much more
cautious, because they do not want to risk a situation like in 2013 again, where the market suddenly
collapsed and many people had to be released or businesses shut down. The other factor is the sheer
lack of skilled workers. Technicians and electricians are scarce in general and there is high
competition between different industrial sectors to secure the capacities. Within Germany, there are
nowhere near enough graduates to saturate the demand. Therefore, the dependence on skilled workers
from abroad is high. To some extent, the demand can be fulfilled with people from abroad. However,
immigration is a critical societal topic in Germany and the potential is therefore limited and
unpredictable. The most critical resource are electricians required to connect the plant once
completely mounted. Potentially, parts of the shortage could be compensated by workers from other
parts of the energy sector, in particular from nuclear energy and coal-fired energy. To what extent
this would actually be a relief is doubtable, because the overall amount of people is not too high and
qualifications and skills might not always be sufficient.

Secondly, bureaucratic hurdles represent hindering factors for reaching the targets. Especially
approval processes for large scale systems, landlord-to-tenant electricity and missing regulations for
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integrated PV solutions are mentioned. At the same time, progress with the latest EEG amendment
is recognizable which is why stakeholders are hopeful, that further hurdles can be eliminated in the
coming years.

The challenge of financing is on the one hand related to increasing interest rates. This imposes the
risks, that some investments for PV systems become less attractive or even not financially viable.
This challenge should be monitored closely by the responsible governmental ministries, as prompt
adaptions of regulations and support measures might be necessary to react to interests’ development
in order to ensure installation growth rates.

27% of the interviewed stakeholders mention possible supply chain issues, especially related to the
high dependence on Chinese imports. Obviously, the financial competitiveness of PV could to a high
extent be ensured only because of the decreased prices which are possible because of lower
production costs. But potential political decisions and conflicts could potentially lead to supply chain
issues and then there would be no plan B, as there are hardly any production capacities in Germany
and the rest of the EU today. Therefore, it is highly emphasised by some stakeholders to aim building
up such capacities again. As a matter of fact, in the previous PV boom around 2010, there were many
manufacturers in Germany, which was referred to in the interviews.

Local acceptance is generally seen as a less critical factor and is only mentioned by 18% of
interviewees. Actually, PV is argued to be the most accepted energy technology, even among
renewable energy sources. In comparison to wind energy and biomass, it does not influence the
environment and the landscape as much and can be integrated much better in existing areas. However,
it is still possible that there are local counterparts, especially concerning large ground-mounted
systems. The less area becomes available, the more this could turn out to be an issue.

Material scarcity is named as a challenge by 18% of the stakeholders, but is mostly seen as an issue
that will be resolved within the next year as the post-COVID supply chain problematics fade away.
On the other hand, material availability is also connected to the import dependencies and could
therefore potentially become an issue again in the future. Therefore, the overall criticality is medium,
as it is not a likely scenario in the coming years, but if it occurs then it would cause significant
damage to the market.

4.3. The role of Integrated PV

Overall, stakeholders regard integrated PV as a niche, at least until 2030. However, with regards to
the annual capacity addition target of 22 GW, integrated PV will have to play a part and potentially
contribute with 1-3 GW annually in the coming years. Interestingly, integrated PV is mostly not
regarded as necessary from the perspective of the availability of areas, which has been one of the
main arguments for this PV system type. But the majority of the interviewees see no shortage in
spaces, as they mention the still enormous potential on roof-tops in both the residential- and the C&lI
segment. Besides roof surfaces, the potential for ground-mounted systems is also still high and
expected to become higher as more areas will be authorised for PV systems, such as the privileged
areas adjacent to rail tracks and motorways. On the other hand, integrated PV can provide synergies
and attractive business cases for property owners. As a matter of fact, the interest for such concepts
has highly increased already, especially among industrial players and investors.

A summary of the main positive and negative aspects derived from the stakeholder interviews is
provided in table 4 below.
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Table 4. Comparison of positive and negative aspects of integrated PV (Own illustration, values for potential
based on Wirth et al., 2021)

Integrated PV Potential Main positive Main negative
system type aspects aspects
Agri-PV 1.700 GW = High area potential = Category 1 has high
= Synergies with agriculture, installation costs
e.g. prevent extreme = Business cases and
weather occurrences knowledge not present for
= Category 2 for lower farmers
growing cultures more cost
efficient
Building- 440 GW = Electricity can be consumed | = Less electricity output than
integrated PV directly and at lower costs roof-top PV
(BIPV) = Less seasonal fluctuations = Special, non-standardised
than roof-top systems modules necessary
= Approval procedures
Floating PV 44 GW = Relatively low LCOE = Low area potential
= Electricity can be used = Interest conflicts for lake
Yar directly, if lake still used by usage
[XRRR! industry
_ = Reduce overheating of
water
Road- 303 GW = Synergies with e-Mobility = |nstallation costs
integrated PV possible = Security concerns
f—_\& (RIPV) = Noise protection barriers (accidents, fires etc.)
have a double use if PV
modules are applied
Urban PV 59 GW = PV is built on sealed = Low area potential
surfaces = Missing business cases
= Direct electricity usage, e.g.
ooo o =
ooaq) on parking lots (synergies
with e-Mobility)

The value in the column potential is taken out of the study from Wirth et al. (2021) and was presented
to stakeholders during the interviews. The reason behind that was to find out, if it is perceived that
the PV mix in Germany will align with the area potential in the long-term future, especially because
reduced area conflicts are often a main argument for integrated PV solutions. The potential for roof-
top PV and ground-mounted PV as non-integrated systems was given at 26% and 6% respectively in
this study. At least until 2030, integrated PV will not make a major contribution in the overall
installations of PV, therefore the raw area potential will have only little influence on the overall PV
mix.

Out of the different integrated PV systems, Agri-PV seems to be the concept that is regarded as the
most promising and influential one in coming years. Pilot projects have shown that competitive
LCOE can be reached for the so-called Agri-PV category 2. Extreme weather occurrences such as
heavy rainfall, hail or intense sun radiation are weakened by PV modules and therefore positive
effects for crops and other cultures are possible. And even though the overall yield is likely to be
lower with PV than without it, this does not necessarily mean lower income for the operating farmer.
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Instead, operating a PV plant is an additional revenue stream and even reduces the entrepreneurial
risk. On the other hand, Agri-PV still comes with high investment costs and LCOE are higher than
for traditional ground-mounted systems, especially related to superstructures necessary for category
1 Agri-PV systems. This reduces the attractiveness for different investors and limits the potential
contribution for the overall capacity installations in Germany. Potential improvements could be
achieved, if new regulations specifically for Agri-PV are integrated in the EEG. Especially separate
feed-in tariffs could make a difference to account for lower outputs and higher installation costs and
therefore increase the economic attractiveness of such systems. Furthermore, the development of new
system constructions could make Agri-PV more effective and less expensive. A suggestion is to
create systems in which PV modules are based on wire ropes instead of concreted pillars. This would
have the advantages that less construction material is necessary and also that less fixed points of the
mounting-structures disturb the agricultural land. Another access point is to increase awareness
among stakeholders, especially land-owners and farmers. Obviously, Agri-PV is a completely new
possibility of land-use for these stakeholders and knowledge is very limited. If advantages, synergies
and business cases are more present to these stakeholders, the demand can be expected to increase.
Of course, reaching financially attractive return rates is the baseline.

BIPV also comes with a high potential and without space conflicts, as facades on buildings are
typically not used for other purposes. It provides a possibility to significantly increase the energy
output that properties have, if roof-top PV is combined with additional PV systems on facades.
Another advantage is that such PV plants are not as sensitive to the current position of the sun, which
results in less seasonal fluctuations. Furthermore, if they are built on the east and west flank of a
building, these systems can use the sun’s daily radiation as long as possible. Own the downside, the
overall electricity output will always be lower than for roof-top- and ground-mounted PV systems,
as modules are not positioned in ideal angles and directions to the sun. The application of the actual
modules is another issue. In most cases, standardised modules will not be applicable for facades due
to safety reasons or design and architectural constraints. This means that specific modules and
mounting systems need to be developed and as of today, hardly any module manufacturer has such
products in their portfolio. Besides developing and introducing such products to the market, approval
procedures for these modules should also be taken into account and postpone the market-readiness
of BIPV. The higher costs and reduced efficiencies lead to the fact that such systems are usually not
worthy investments as of today, at least with the current support measures from the EEG. Specific
feed-in tariffs for BIPV systems could be a game changer for this technology, similar to Agri-PV.

Floating PV is regarded as the integrated PV solution that has the highest market-readiness already.
As a matter of fact, there are several plants installed in Germany today (gh, 2022). LCOE are similar
to ground-mounted systems and make this PV system type financially attractive. If Floating PV is
applied to lakes at which there is still industrial activity such as sediment excavation, the electricity
can be used directly on site. An ecological advantage is said to be related to the cover the PV modules
provide for the water surface. Many lakes have the problem in hot summer periods, that the water
overheats and the ecosystem collapses. If the PV modules provide shade and reflect more sunlight,
overheating could be limited. Despite these positive economic and ecologic aspects, the potential for
Floating PV in Germany is limited, as there are not many appropriate water areas available.
Furthermore, new regulations within the water resources act (German: “Wasserhaushaltsgesetz”)
have limited the availability even more. With the recent amendment, PV systems on waters must
have a minimum distance of 40 metres to the shore and cannot occupy more than 15% of the overall
surface area of the water (Bundesamt flir Justiz, 2023). This regulation has caused frustration among
the PV market stakeholders, as already planned projects had to be paused and the potential for new
projects has been limited highly. Even if it appears likely, that these regulations will be loosened
again in the future, the core problem of limited availability and also usage conflicts will remain for
Floating PV.

RIPV is overall regarded as the least influential PV system type among stakeholders. The main
concerns are high installation costs because of large superstructures and corresponding mounting
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systems as well as safety issues related to accidents. Maintenance would also be complicated and
connected with higher costs. Additionally, this is still a conceptional idea and hardly any first-hand
data could be collected from pilot projects yet. Besides covering the roads with PV however, it could
also be possible to apply PV in noise protection barriers. This is regarded as a more promising alter -
native, because there are no safety issues and costs would be much lower. If such barriers have to be
built anyways, applying PV modules instead of other usually applied materials is not seen to have a
significant impact on the costs, especially not if the added value of generated electricity is taken into
account. The possibility of capturing the sunlight from two sides could prove to be another advantage
of such installations. Finally, RIPV in general could possibly become more important in the future,
as synergies with electro mobility (e-Mobility) exist. Produced electricity could be used directly to
feed recharging facilities for vehicle batteries.

Urban PV is aimed to have no land-use conflicts, as already sealed surfaces that have no other purpose
than the one, they already have, are used. The most potential for such systems is seen with regards
to parking areas, which are covered by PV. This again would lead to synergies with charging facilities
for e-Mobility. Furthermore, shade that is created by such systems is beneficial in summers when
cities tend to heat up a lot. For other applications however, most stakeholders do not see a real
business case currently which makes the potential limited. It is emphasised that rather all possible
roof surfaces are targeted at first.

4.4. Contribution of different PV systems for 2030 PV mix

As the section on integrated PV suggests (chapter 4.3), these PV systems are expected to have a fairly
low contribution within the overall capacity addition plans of 215 GW until 2030. Despite their
potential regarding available area, synergies with for example agriculture and e-Mobility and new
business cases, their importance will only be secondary.

In a study conducted by Wirth et al. (2021), the area potential for different PV systems was evaluated.
Based on these findings, the PV mix in Germany would consist to two thirds of integrated PV and
only one third of ground-mounted and roof-top systems. Interview partners were asked, whether they
believe that the PV mix will align with this area potential in the long-term future, so even beyond
2030. As visible in figure 5 below, this is predominantly not expected to be the case, as roof-top- and
ground-mounted systems will continue to be the main contributors. However, the results also indicate
that almost half of the interview partners believe that integrated PV will increase in importance,
contributing a decent share in the overall mix. Nonetheless, a small share (18%) of the interview
partners reckons, that the PV mix will indeed align with the area potential in the future.
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Will the PV mix align with the area potential in the long-run?

No, but integrated PV will contribute
with a decent share.

45% Not at all. Integrated PV will only be a
peripheral phenomenon.

= Yes, definitely.

36%

Fig. 5. Stakeholder opinions on whether the long-term PV mix will align with the area potential for different
PV systems (Own illustration)

Based on the assessment of interviewed stakeholders, the two system types of ground-mounted
systems and roof-top systems will approximately have an equal share in the installations until 2030.
There are several reasons for this, which are listed below.

Large-scale ground-mounted PV systems have the cheapest LCOE today, not only within different
PV systems but compared to all energy technologies. For this reason, these plants are attractive for
investors and even though the EEG provides relatively little support measures, the growing business
model of PPAs is likely to ensure significant growth. These large-scale systems will be very
important to reach the addition targets, as scale effects apply and shortages of installers are mitigated.
Certainly, a high amount of PV can be installed faster with less but individually larger plants than
with a high amount of small-scale PV plants. The German government has already answered to the
discussion regarding available areas, by increasing privileged adjacent areas of rail tracks and roads
that will help to build more PV plants. It is also expected, that more spaces such as idle agricultural
fields or former waste disposal sites are released for PV purposes in the near future.

One often publicly discussed down-side of ground-mounted systems is that they, unlike basically all
other PV systems, are not using already sealed surfaces, and therefore negatively influence
landscapes and even have harming effects on eco-systems. For the majority of the stakeholders
interviewed, this issue is not confirmed. Of course, it depends on the specific environment that is
there prior to the construction of a PV system. But for example, it would not happen, that a plant is
approved to be built in an environmentally protected area, but rather already heavily used areas for
industrial or economic purposes are taken into consideration. As a matter of fact, some stakeholders
argue that the construction of a PV plant could actually lead to positive environmental impacts. Once
built, the area of a ground-mounted PV system is hardly touched by humans, allowing biodiversity
to develop. In comparison to monocultural crop fields, the biodiversity could therefore be
significantly higher. Furthermore, project operators increasingly introduce their own rules to make
such plants more environmentally-compatible, for example by leaving space for wild flowers and
bees or by having sheep graze on the area instead of using lawn-mowers.

An example is the initiative “Gute Planung” by the federal association for renewable energy
economy. Within this certificate (fig. 6), the association along with several players involved in
planning, constructing and operating ground-mounted PV systems, assures to fulfil certain
environmental requirements for PV plants.
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Fig. 6. Certificate "Gute Planung" as a best practice approach for ground-mounted systems (bne, 2023)

Precisely, it is structured in five core areas. Within section A, obligations towards local communities
are contained. Section B includes regulations and obligations towards farmers and part C comes with
certain requirements regarding the integration in the landscape. Furthermore, section D touches upon
obligations to conduct measures for biodiversity improvements and lastly in part E, regulations on
planning, realization, operating and technical requirements are elaborated on (bne, 2023).

For roof-top PV systems, there are also numerous reasons on why their importance will continue to
be high. The residential segment that includes the classic small-scale PV systems on private houses
with installed capacities of typically 10-30 kWp, is anticipated to continuously have strong growth.
Rising electricity prices, decreased system costs, charging of electric vehicles and the desire to have
an independent electricity supply are all driving factors. Besides private houses, rented properties
also still have a high potential and with possible adaptions in the EEG regarding landlord -to-tenant-
electricity, this segment could become dynamic very quickly. The largest impact however concerning
roof-top PV systems is expected to come from the C&I segment. Currently, this segment is still weak,
only contributing approximately one Gigawatt to the installed capacity in 2022. The reasons behind
this are seen in EEG regulations and corporate investment strategies. The EEG had prescribed
tendering for PV systems of this scale, which made the planning process complicated. Secondly,
amortization times have been a hindering factor for more installation. It has often not been perceived
as an attractive investment for commercial organizations to finance a PV plant, as periods of roughly
10 years to reach a return on investment are simply too long. However, change is anticipated now for
this segment. With the new EEG regulations, tendering is now no longer required for the majority of
PV plants built in the C&I market. Additionally, the attractiveness has increased as well, but more
from a consumption perspective, reason being the rising electricity prices and the general uncertainty
on the energy market. Therefore, consuming the self-produced electricity to fixed prices is of
increasing importance for the C&I sector. Another driver for the increased demand from this sector
is sustainability. Organizations are pushed either by governmental regulations or customer
expectancies to increase the sustainability of their operations. Producing carbon-free electricity with
PV systems on owned properties will be an important aspect in this context.
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5. Discussion

It becomes obvious from the results, that there is a positive outlook for the PV market in Germany
and significant growth can be expected in the coming years.

Despite the anticipated growth, it seems unlikely, that the capacity addition plans will be reached to
full extent. The market already has experienced massive growth in recent years to reach an annual
installed capacity value of 7,2 GW in 2022. The plan to triple this number until 2026 appears to be
too ambitious, particularly with the present challenges that are still in the way.

For most of the stated challenges it will depend on how quick those can be solved with appropriate
measures. From a policy perspective, it appears that the government is aware of that urgency and it
can be expected that further adaptions of the EEG through amendments will be released in the near
future. The PV strategy document, which was published very recently by the corresponding ministry
already addresses a number of the main challenges, such as landlord-to-tenant electricity and specific
regulations for IPV (BMWAK, 2023). On the other hand, it also appears that the EEG does not have
the primary control of PV development in Germany anymore. One reason is the economic
attractiveness of the technology, due to decreased system prices, which enables investments detached
from subsidies. This becomes obvious with the fact that a large share of new large-scale PV systems
is realized outside of the EEG regulations and with PPAs instead. Furthermore, it is seemingly out
of the EEG’s scope to address the most significant challenge, which are lacking installation capacities
in form of skilled workers. However, as a high number of additional workers needs to be established,
governmental actions at other flanks could prove to be important. For this, there should be three
access points. At first, controlled and well-managed immigration must be ensured to hire skilled
workers from abroad. Secondly, educational measures need to be undertaken in order to build up a
higher number of skilled workers within Germany. Finally, the corresponding jobs for PV assembling
and electric engineering must be made more attractive. These are definitely actions with time
pressure, as it can be expected that it will take several years until effects become visible.

A critical aspect going forward is how to proceed with integrated PV. From the results, one could
argue that this should not be prioritised, as those systems are only expected to make minor
contributions within the installation plans for the near future. Opposed to that, the high area potential,
the fact that no new areas need to be touched, synergies that could be realized and attractive
investment opportunities are strong arguments to emphasis the development of IPV more. In addition,
a more long-term perspective on PV development would be another argument for IPV. With the
electricity demand expected to rise significantly due to decarbonisation and electrification, one can
expect that PV will be expanded further beyond 2030. Considering the expected installations up until
then, free areas and also roof-tops could eventually become scarce. Against this backdrop, it is
important to lay the basis for a higher share of IPV as early as possible. For the practice this means
that awareness needs to be created and appropriate support measures defined, so that the market can
develop and incorporate products and solutions for IPV with higher pace. It has already been
concluded within the recent PV strategy from the government, that IPV systems, especially Agri-PV
and PV on parking lots, require specific policies (BMWK, 2023). This aspect has also been stated by
Wirth et al. (2021) and Wirth (2023) in previous publications. In the results of this study, IPV has
divided opinions. Despite, approximately two thirds of the interviewees believe that IPV will become
more important in the near future and contribute to the PV mix with significant shares. The argument
that separate measures for those systems are needed has also been frequently stated by interview
partners. One specific suggestion that appeared several times is the introduction of specific FIT for
different system types. As a matter of fact, this would bring back the EEG’s control for PV
development to some extent.

With regards to previous studies in the research area, a number of similarities and overlaps as well
as some differences and conflicts between the results have been identified.
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Rosenberg, Lind and Espegren (2013) argue, that targets for energy production capacities are often
inaccurate, because they do not consider the development of energy demand and consumption
patterns. Moore and Gustafson (2018) confirm this viewpoint by concluding that the focus in
Germany’s energy transition predominantly lays on increasing the production capacities. A similar
strand was mentioned by some of the interviewees in this study. There are arguments, that electricity
demand is expected to rise significantly until 2030, even values of up to 30% are regarded as possible.
Drivers for this are seen especially in the electrification of processes, that are carried out for
decarbonisation in order to reach emission targets. Electric vehicles and electric heating systems are
among the most popular applications. These arguments show that the capacity addition plans must
be closely assessed with different developments of future energy demand and according measures
need to be undertaken. If the electricity demand will rise as much as 30%, the capacity addition plans
of 215 GW until 2030 will likely not be enough to satisfy the demand. On the other hand, there is the
option to look at the consumption side and target efficiency improvements.

Stakeholders agree, that PV alongside wind power will be the main contributor in the electricity mix
in Germany. It is acknowledged, that PV alone is not enough, but the combination with wind power
will enable a good balance in the electricity production. A minor share can then be contributed by
biomass, water and geothermal electricity in the long-term future. Moore and Gustafson (2018)
outlined, that a major risk concerning future PV expansion is losing public acceptance. This however
could not be confirmed with the results from this study. Only 18% of the interview partners have
mentioned this as a challenge and many arguments go in the opposite direction, as PV is seen as the
energy source with the highest public acceptance. Several reasons for this also were identified. The
low LCOE make PV an attractive investment for a variety of stakeholders. Furthermore, the
simplicity and accessibility of the technology make it available for the majority of people. Thirdly,
PV is regarded to have less environmental impacts than other renewable energy sources as it does
not require interferences in landscapes to such a high magnitude.

Regarding the different PV system types, there is an agreement that large-scale system will become
more important and therefore significant growth is expected for this segment. This is also in line with
the remarks made in the PV strategy by the German government, in which ground-mounted systems
and C&l roof-top systems are said to be of particular importance within the installation plans
(BMWK, 2023). Besides this accordance, opinions on the contribution of different PV system types
vary widely. Whereas BMWK (2023) anticipates an even contribution of ground-mounted- and roof-
top systems, Henning et al. (2021) sees a dominant share of roof-top systems and Wirth (2023) argues
that ground-mounted systems should be the exception and instead areas like fields, lakes and sealed
surfaces in urban areas should be used for integrated PV solutions. A similar pattern is identifiable
in the results from the semi-structured interviews. Ground-mounted systems are generally a point of
conflict. There are some arguments, that regard this system type as crucial for the planned capacity
additions, due to cheap LCOE, a great scalability and the simplicity of construction. On the other
hand, land-use conflicts are mentioned from counterparts. They argue that a significant increase of
ground-mounted systems would take away important areas with rich soils that should rather be used
for agricultural purposes or as nature reservoirs. Further conflict on this system type is present
regarding the financing structures. Whereas some critics regarding the EEG are presented, other
arguments state that these systems are not dependent on the EEG anyways, because PPAs on the
market have been more profitable for a number of years already. As stated earlier though, this should
be regarded as a risk for the achievement of the capacity addition plans, as the government has only
little leverage or steering opportunity for this type of systems.

As mentioned, the contribution of IPV systems is also a conflict point. Whereas Wirth et al. (2021)
and some stakeholders argue that there is no way around IPV because of scarce areas and land-use
conflicts, others do not agree with this argument at all and state that roof-top PV and available areas
for ground-mounted PV will be good enough to reach the installation targets. They rather see IPV as
an add-on, which can be used if investments are attractive. Opinions also vary on the importance of
different IPV system types. The only agreement appears to be that RIPV is not feasible in the near
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future due to costly mounting structures and safety concerns. Though, if one looks at IPV from the
perspective of creating synergies, RIPV has one of the obvious synergies with e-Mobility, producing
electricity where it could be used directly by vehicles. On those grounds, integration possibilities
should be further pursued. Instead of a direct integration in roads, noise-barriers adjacent of roads
could be a better area of application. Agri-PV has a high area potential due to the magnitude of
agriculturally used areas in Germany and potentially yields attractive synergies, as cultures are
protected from extreme weather and additional revenue streams can be generated by farmers. For
these reasons, it is seen as the most promising IPV solutions among interview partners from this
study, generally agreeing with Wirth et al. (2021). However, it is not expected that Agri-PV will
become the most applied PV system type in Germany by any means. Besides Agri-PV, BIPV is
regarded to have great potential. When appropriate system solutions are found and regulations are
adapted for this system type, PV systems on facades could experience rapid growth. They provide an
attractive business case for property owners, as they have a more constant electricity production than
roof-top systems and could therefore be used in combination. By doing so, the overall electricity
output from buildings can also be scaled-up.

To generalize the finding, it can be stated that there is currently no agreement among PV stakeholders,
which system types should contribute to which extent. At the moment, this might not be as critical,
because PV is targeted to be expanded so heavily, that it does not matter as much, where the systems
are being built. However, looking into the future, this could pose problems. If areas become scarce,
investments for individual PV system types become less attractive or if unbalances in the electricity
production occur, an unsystematic installation strategy might be regretted. It has to be considered
that measures to develop and support individual system types take time and have to be planned well
in advance. Therefore, more research should be carried out to identify a future PV mix in Germany.
This can be based on the results of this study, where advantages and disadvantages of the different
system types as well as potential measures are pointed out.
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6. Conclusion

This study provides a thorough assessment of the installation plans by the German government for
PV. Through analysing existing literature and conducting semi-structured interviews with important
stakeholders of PV in Germany, the development of PV until 2030 can be estimated with higher
confidence. In addition, the results of the study are applicable for policymakers as well as industrial
players for strategic decision-making. It should be noted though, that this study was constrained by
a tight time frame and the availability of interview partners, so therefore deeper analyses will need
to be conducted in the future to refine the results. Comments on potential future studies are made in
chapter 6.1.

Even though the anticipated installed capacity of 215 GW until 2030 could theoretically be reached,
especially because of the high demand due to different drivers, some major challenges will likely
hinder that target. Limiting factors often mentioned in previous studies include public acceptance
issues and material shortages due to supply chain problematics. As the analysis of the interviews
shows, these two factors will likely not be as critical anymore going forward. With that result,
regulations and bureaucratic processes as well as lacking installation capacities remain as the two
major challenges derived from this study and with regards to previous publications.

Certain regulations regarding planning and approval stretch the implementation time of ground-
mounted systems, slowing-down the capacity expansion. Landlord-to-tenant electricity on rented
properties could become a major contributor as electricity can be used directly by residents and the
area potential is great, but complex regulations regarding the usage and accounting of the electricity
often scare away potential investors. These can be regarded as two important access points for policy
makers. Improved regulations concerning those PV system applications could have a high impact for
capacity additions and therefore contribute significantly towards reaching the targets.

As the annual installed capacity is aimed to be tripled in a few years, a much higher number of skilled
workers is also required. However, there is already a scarcity of electricians and assemblers on the
market, which raises the question how this work force should be build up in order to fulfil the demand.
It seems unlikely that the German market itself will be able to solve this issue. One possibility could
be to hire a larger number of skilled workers from abroad, for which the right legal constraints would
have to be put in place. Besides, there is no getting-around educating people in Germany. For this,
the corresponding jobs and apprenticeships need to be made more attractive.

The variety of PV systems has increased and will likely become more diverse in the future. Until
2030 however, the main contribution to installed capacities will come from the established roof-top-
and ground-mounted systems. This can mainly be reasoned due to low LCOE, investment
attractiveness, energy independency requirements and awareness for these system types and the
business cases from customers. The share of ground-mounted systems will increase, because plants
are usually large and therefore have a much higher output than roof-top systems. However, the
previously weak C&I segment for roof-top systems is also expected to make a much more significant
contribution within the capacity additions in the coming years.

Integrated PV systems divide opinions both in existing literature and among interview partners of
this study. Because the available areas within the segments ground-mounted PV and roof-top PV are
more than enough to reach the installation targets, there are some arguments that integrated PV is not
needed. On the other hand, there are arguments against a significant expansion of large-scale ground-
mounted systems, as they take away areas that could for example be used for agricultural purposes
or renaturation projects. Overall, with regards to the installation targets until 2030, the predominant
result is that integrated PV will not be a major contributor. At the same time, it appears realistic that
integrated PV systems will increase in importance and contribute with a small share, i.e. a few GW
annually, to the capacity additions. Apart from the additional areas that can be targeted, synergies
within agriculture and with e-Mobility as well as investment attractiveness are expected to be the
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main drivers. Opinions also differ regarding which integrated PV systems are more important than
others. The two most promising system types seem to be Agri-PV and BIPV. Floating PV is
economically attractive, but is limited due to a lack of appropriate waters.

However, in order to increase the amount of integrated PV systems, LCOE must decrease, awareness
must be generated and policy measures established that can compensate the economic disadvantages
that these systems still have compared to traditional systems. A specific measure could be to
introduce separate FIT for the different integrated PV system types.

6.1. Possible future work

The first suggestion for future work is to extend the study with regards to the interview partners and
include other more indirect stakeholders of PV as well. This would include for example energy
investors, farmers, architects and private consumers. Results could be used particularly to develop a
better understanding of the application possibilities for integrated PV, their feasibility and
appropriate support measures.

As land-use conflicts are an often-stated argument against a significant expansion of ground-mounted
PV, studies should be carried out in this direction. For this, analyses of available areas and anticipated
future area demand for agriculture are necessary to conclude whether Agri-PV is required from a
perspective of combined area usage. Another connection point in this context would be to consider
the ecological impact of ground-mounted systems in comparison with Agri-PV and also in
comparison to the previous state that different areas used for ground-mounted systems have.

Furthermore, it appears to be important to have quantified data to compare the performance of
different PV system types. On that behalf, case studies on different integrated PV systems could be
conducted, comparing values such as energy output and LCOE. Additionally, one could even go a
step further and aim to quantify non-economic factors such as emissions saved, biodiversity impact
or aesthetics. With these kinds of results, a ranking model could be created, comparing the different
PV systems in a transparent way and which can be used to accurately project an optimal long-term
PV mix based on all relevant economic and ecological criteria.

With one of the risks being the dependency on imports from outside of the EU, analyses for PV
development focusing on the realisation of capacity additions with a certain number of components
manufactured within the EU could be a reasonable research area. Special attention should be put on
the cost-competitiveness based on LCOE regarding the different origins of components.

If the focus is not solely put on PV but on the total energy mix, energy system modelling could be
applied to develop different scenarios for the energy mix in Germany and potentially challenge the
capacity addition targets for PV. In such scenarios, different estimates for the uncertain future energy
demand should also be taken into consideration and corresponding implications would need to be
pointed out.
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Appendix A — Interview Guide
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Fragen im Opening Segment:
1. Was ist ihr personlicher Bezug zur Solarenergie?
2. Wie sehen Sie die Entwicklung der Solarenergie in Deutschland in den letzten Jahren?
3. Welche Rolle spielt die Photovoltaik ihrer Meinung nach in der Energiewende in Deutschland?

Questions Opening Segment (translated):
1. What is your personal connection to solar energy?
2. How do you see the development of solar energy and in particular photovoltaics in Germany in
recent years?
3. What role do you think photovoltaics plays in the energy transition in Germany?
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Fragen im Opening Segment:
4. Was ist ihre Meinung zum neuen EEG in Bezug auf die Solarenergie bzw. Photovoltaik?

Questions Opening Segment (translated):
4. What is your personal take on the new EEG law (2023) with regards to photovoltaics?
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Fragen im Middle Segment:
1. Halten Sie die von der Bundesregierung vorgestellten Ausbauziele fir die Photovoltaik fir
realistisch?
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2. Was sind fir Sie die grofiten Herausforderungen die es zu bewaltigen gilt, um die Ausbauziele zu
erreichen?

Questions Middle Segment (translated):
1. Do you regard the capacity addition targets for photovoltaics by the German government as realistic?
2. What do you think are the biggest challenges to overcome in order to reach these targets?
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Quaschning, V. (2023) Installierte Photovoltaikleistung in Deutschland seit 1990, Volker
Quaschning - Erneuerbare Energien und Klimaschutz. Available at: https://www.volker-
guaschning.de/datserv/pv-deu/index.php (Accessed: 30 March 2023).

BMWK (2023) ‘Photovoltaik-Strategie’. Bundesministerium fiir Wirtschaft und Klimaschutz

(BMWK. Available at: https://www.bmwk.de/Redaktion/DE/Publikationen/Energie/photovoltaik-
stategie-2023.pdf?__blob=publicationFile&v=6 (Accessed: 30 March 2023).
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Quelle: Eigene Darstellung basierend auf. Agentur fiir erneuerbare Energien (2023) .

Fragen im Middle Segment:
3. Welchen Anteil wird die Solarenergie ihrer Meinung nach langfristig im Energiemix von
Deutschland einnehmen?

Questions Middle Segment (translated):
3. From your perspective, which will be the long-term share of photovoltaics in the German energy
mix? Please give reasons!

References

Own illustration based on  Agentur fir Erneuerbare Energien (2023).  Grafik-
Dossier%3A+Der+Strommix+in+Deutschland+2018-2022. Agentur flir  Erneuerbare  Energien.
Available from: https://www.unendlich-vielenergie.de/mediathek/grafiken/grafik-dossier-strommix-
2015-2022 [Accessed 30.03.2023]
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No questions on this slide.
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No questions on this slide.
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Fragen im Middle Segment:

4. Die Bundesregierung hat angekindigt zusétzliche Flachen fur neue PV-Konzepte wie Agri-PV,
Floating PV oder RIPV freizugeben. Welche Bedeutung messen Sie dieser sogenannten ,,integrierten
PV*“in der Erreichung der Ausbauziele bei?

5. Wie schatzen Sie diese Konzepte in Bezug auf deren Installationskosten und Betriebskosten ein?

6. Wie wirden Sie die technische Reife dieser Technologien beurteilen?

Questions Middle Segment (translated):

4. The German government wants to provide more spaces for new PV concepts such as Agri-PV,
Floating PV or RIPV. How important do you think these ,,integrated PV plants“ are to reach the
capacity addition targets?

5. How performant are these concepts in installation costs and operating costs compared to traditional
PV systems?

6. How would you rate the technological maturity of these concepts?

References
Fraunhofer ISE (no date). Agri-Photovoltaik: Chance fir Landwirtschaft und Energiewende. Agri-PV.
Available from: https://agri-pv.org/de/ [Accessed 21.04.2023]

HIS (no date). Schwimmende Photovoltaik-Anlagen: kein Problem!. HIS Renewables GmbH. Available
from: https://mww.his-solar.com/blog/floatingpvholland [Accessed 21.04.2023]
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photovoltaik-ripv.html [Accessed 21.04.2023]
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Fragen im Middle Segment:
7. Basierend auf dem technisch realisierbaren Potenzial séhe der Photovoltaik-Mix in Deutschland wie
folgt aus. Wie schétzen Sie den tatséchlichen Mix 2030 ein?
8. Wie begriinden Sie den jeweiligen Anteil im PV-Mix?

Questions Middle Segment (translated):
7. Based on the technical potential, the PV mix in Germany would look as follows. How would you
estimate the actual mix in 2030?
8. What are your reasons for the specific shares in the mix?

References
Wirth, H. et al. (2021) °‘Solaroffensive fiir Deutschland’. Greenpeace. Available at:
https://www.greenpeace.de/publikationen/20210806-greenpeace-kurzstudie-solaroffensive.pdf
(Accessed: 13 February 2023).
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Fragen im Middle Segment:
9. Wie beurteilen Sie die Auswirkungen der verschiedenen PVV-Anlagen auf die Biodiversitét?
10. Denken Sie, PV wird sich langfristig als glinstigste Alternative zur Stromgewinnung etablieren?

Questions Middle Segment (translated):
9. How would you assess the biodiversity impact of the different PV plants?
10. Do you think, PV will establish itself as the cheapest technology for electricity generation on a long-
term basis?

Fragen im Concluding Segment:
It must be noted, that questions in this segment varied highly between the interviews, based on the
trajectory the narrative of the interview had taken in the previous segments.

1. Hat die Photovoltaik Vorteile gegeniiber anderen erneuerbaren Energien, da sie in bestehende
versiegelte Flachen integriert werden kann?

2. Kann man festhalten, dass integrierte PVV-Anlagen in den kommenden Jahren eine deutlich groRere
Rolle in den Ausbauplénen spielen werden?

3. Aufgrund Faktoren wie des techn. Potenzials und positiven Auswirkungen fur die Kulturen scheint
Agri-PV viele Vorteile zu haben. Wird diese Technologie langfristig die am meisten verbreitetste
PV-Anlagenart sein?

4. Haben Sie noch weitere Anmerkungen?

Questions Concluding Segment (translated):
It must be noted, that questions in this segment varied highly between the interviews, based on the
trajectory the narrative of the interview had taken in the previous segments.

1. Does PV have a comparative advantage to other renewable energy technologies because it can be
integrated in the environment without land-use conflicts?

2. Can it be said that integrated PV will become a much bigger contributor to PV capacity additions in
the coming years?

3. Will Agri-PV, because of its various benefits become the most important and widely used PV power
plant?

4. Do you have any more additions or comments?



Appendix B — Coding Documentation

First step: Open Coding

Category Code # ‘ Code Components of the code
OoC1 Germany could be much = Massive boom already 2010-2012
further already in PV = Regulations/policies destroyed the
development market
= Same annual installation in 2022 as 2010
ocC 2 Market has recently shown = 2013-2017 poor, since then massive
strong rebound and dynamic growth
= New government in 2021
= New and updated policies/EEG
= Ukraine war and energy independence as
drivers
oC3 Acceptance of PV higher than | = Everyone wants to do it
ever = Investment to make money
= Use own electricity, be independent
= Sustainable, clean energy
OoC4 Cheap energy technology = System prices have dropped
PV which has enabled various significantly
development business cases = Own usage or selling to grid possible
OC5 PV will play the central role = Quickest installation
for the energy transition in = Cheapest technology
the coming years = Highest acceptance
= Great potential
OoC6 PV and wind power will = PV growth will be faster than wind
become the two major = But only PV is not enough
contributors in Germanys = Wind has advantage of more hours of
energy mix, PV reaching 30% production
in 2030 = The two can reach 60-90% in the long
run
oCc7 High interest rates could be a | = Rising interest can decrease demand
risk for capacity additions as = Tax reductions etc. can be compensated
investments become less
attractive
ocs Political direction and new = Ambition of the government positive
EEG is a positive = Key improvements, less bureaucracy
development, but we need = Not so positive/important for large-scale
more to reach the targets of systems
EEG and 215 GW
installation
targets OC9 | 2030 Targets could be = Regarding demand we could already

realistic, especially because
the market is there, but there
remain challenges

build 20 GW per year

= Questionable whether
market/industry/regulations can adapt so
quickly
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Category Code # ‘ Code Components of the code
OC 10 | A lack of installation = Almost everyone mentioned lack of
capacities appears to be the installers and are uncertain where people
main obstacle, with other should come from
challenges seemingly not so = Too much immigration might be a risk
critical = Material availability not a major concern
ifgllaz?c(ijon OC 11 | Landlord-to-tenant electricity | = Too complicated to operate the system
still a big issue under current regulations
targets
= Investments are therefore usually not
carried out
OC 12 | Dependence on China is still a | = Large dependency for components from
risk, building up production China
capacity in Germany and EU = Political crises could shut down the
should be the target market
= Sustainability in the supply chain
OC 13 | Traditional roof-top systems = Best LCOEs
(RTS) and ground-mounted = Profitable investments
systems (GMS) will remain = Functioning policy constraints
the major contributors in the
coming years
OC 14 | In order to reach 22 GW = Areas could become scarce in the future
annual installed capacity, = Synergies can be used
integrated PV will have to
play a supporting role
Integrated OC 15 | IPV is not necessarily needed | = Small share of roof-tops with PV so far
PV (IPV) from the perspective of = Additional areas for ground-mounted
available area systems will be released
OC 16 | For IPV to work, costs have = Often complex mounting structures
to decrease, regulations need = Lower energy output, but the same feed-
to be adapted and new support in tariffs make investment unattractive
measures created = Too little knowledge and awareness of
potential customers like farmers
ocC 17 In general, more large-scale = More effective usage of installers and
systems should be installed to electricians
reach the 22 GW annual = Lower number of systems needed
targets = Scale effects
OC 18 | PV isseen as a highly = Sealed surfaces are used
ecologically-compatible = Ground-mounted systems can increase
Erivfrae energy technology ] blodlv_ersnyd
el No noise and movement
IR OC 19 | PV can be integrated into » No new natural areas need to be taken

existing sealed surfaces like
roof-tops or parking lots

away for PV
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OC 20 | PV has ecological advantages | = Optical obstruction not as high
over wind power and biomass | = No noise and movement
= Biodiversity can be higher for a ground-
mounted system compared to a biomass
production crop field
OC 21 | Ground-mounted systems can | = Depends what the area was before
create higher biodiversity = Compared to agriculture better, no
monoculture, not as frequent human
impact, higher energy output
= Regulations to actively support
biodiversity in GBS
OC 22 | Higher emphasise should be = Not only focus on carbon-free
put on value creation- and production of electricity
supply chains in order to = Life cycle analyses
improve the sustainability of
the life cycle of PV
0oC 23 Integrated PV will not make a | = LCOE comparably bad
major contribution until 2030 | = Regulations and policies
= Awareness
= Business Cases
= Products and services
OC 24 | The main contributors to the = "Running system"
PV mix will be roof-top = Still high area potential
systems (especially medium = Energy independency as driver
C&l scale) and ground-
mounted systems
OC 25 | Opinions on whether GMS or | = GMS: scalability, LCOE
Contribution RTS will be the most = RTS: Shorter implementation times, no
of different important differ highly lack of areas
system types between stakeholders
OC 26 IPV will be growing because = Synergies, no new areas are taken, new
it has various advantages, and business cases e.g. Agri-PV
22 GW cannot be done alone = Synergy with e-Mobility and applying
with RTS and GMS PV in urban areas like parking lots
OC 27 | Agri-PV and BIPV seem to be | = Agri-PV huge area potential

the most promising
technologies whereas RIPV
and Floating PV will not be
major contributors in
Germany

BIPV as well and as addition to RTS
Floating PV not enough space available
in Germany

RIPV comes with security concerns and
high costs
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Second step: Axial Coding

Code #
AC 1

Code

Market development, decreasing prices and
political attention has made PV the fastest growing
energy technology in Germany and will be the most
important contributor in the energy transition until
2030

Open codes

1-6

AC 2

The EEG remains an important instrument for PV
development and the 2023 amendment will further
support the capacity installations and underlines the
governmental ambitions, however there are still
adaptations necessary, especially to improve
conditions for landlord-to-tenant electricity and
integrated PV concepts

8-11

AC 3

The demand is easily there to reach the capacity
addition targets, but the main challenge is the lack
of enough installation capacities

9,10

AC 4

The biggest contributors will be roof-top and
ground-mounted PV systems, especially large-scale
ones, with integrated PV systems growing and
contributing with smaller shares to reach the 22
GW per year target

13, 17, 23-26

AC5

Integrated PV, especially Agri-PV and BIPV, can
be important, not necessarily regarding space
availability, but because of synergies. However, for
their share to increase, costs need to decrease and
new support measures must be defined

14-16, 23, 26, 27

AC 6

PV is an environmentally-compatible energy
technology and has advantages over other
renewable energy technologies like wind power and
biomass, as it can be better integrated in landscapes
and positive biodiversity impacts are possible. The
value creation process though is criticised and
should be focused on regarding sustainability
improvements

12, 18-22
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