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Clear Inrermnetion
Smart investments

In this whitepaper, we examine the status quo and prospects of photovoltaics
IN the energy supply, discuss the opportunities for photovoltaic parks as an
iInvestment and why we at Commerz Real have long regarded solar power as
an investment with a bright future.
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Spotlight on photovoltaics.

Photovoltaics is now one of the cheapest ways of
generating electricity. According to the Fraunhofer
Institute for Solar Energy Systems, a kilowatt hour
of electricity incurred costs of between 3 and

11 euro cents in Germany (2021 study). The costs
for brown coal-fired power plants were between
10 and 15 cents, and between 11 and 28 cents for
gasfired power plants.! The spectrum of installations
Is diverse and ranges from photovoltaic systems on
the roofs of residential and commercial properties
for self-sufficiency and/or feeding into the public
grid to the use of solar panels on let residential
properties to generate electricity for tenants and
large ground-mounted solar parks.
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Status Quo

Signs of growth.

The construction of new photovoltaic systems

IS progressing rapidly. According to the German
Environment Agency, almost twice as many new
solar installations were built in 2023 as in 2022.2
However, the newly installed capacity is more
important than the number of installations. In
Germany, this amounted to 14.3 GW in 2023,
significantly exceeding the federal government’s
expansion target of 9 GW and also breaking Italy’s
twelve-year record of 9.3 GW within the EU. Overall,
an annual growth rate of over 40% was achieved

in the EU for the third year in a row in 2023, with a
total of 55.9 GW newly installed.* Another record
that now needs to be broken if the targets set are to
be met.


https://www.ise.fraunhofer.de/de/veroeffentlichungen/studien/studie-stromgestehungskosten-erneuerbare-energien.html
https://www.bundesregierung.de/breg-de/aktuelles/solarpaket-photovoltaik-balkonkraftwerke-2213726
https://www.solarpowereurope.org/insights/outlooks/eu-market-outlook-for-solar-power-2023-2027
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Solar and wind are
replacing fossil fuels
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https://ember-climate.org/data-catalogue/yearly-electricity-data/
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o > Photovoltaic electricity currently contributes 20%
o of renewable electricity to the electricity mix and
L accounts for 12% of total net electricity generation.

Electricity from renewable energies in Germany in 2023.
Nuclear power 1.5% and fossil fuels 38.7%">

PHOTOVOLTAICS IN GERMANY

Net public electricity generation in Germany in 2023°

in %

Il 1.0 Renewable waste
Bl 45 Run-of-the-river
hydropower
N 0.2 Pump-storage
hydropower
B 0.6 Biomass
5.4  Wind (offshore)

With a record 59.8%, more than half of the total net electricity .
26.8 Wind (onshore)

generated in Germany was derived from renewable energies for the

first time. In Europe, this figure was 43%. And rising. The target is for . (S;'E‘g o] )
at least 80% of the electricity consumed in Germany to come from 0.3 Solar

(other grid feed-in)
1.6  Nuclear power

renewable sources by 2030, the aim being to achieve the goal of
becoming the first industrialised nation to be climate-neutral by 2045 :

i g W 179 Brown coal
and to assume a leading role on the road to Europe’s goal of climate 5 BEE 79  Black coal
neutrality by 2050. B 0.7 Oil

Up to now, wind turbines have made the biggest contribution to BN 10.2 Natural gas
electricity generation - especially onshore. The fossil fuels brown/black L Sther
y . Bl 1.2 Non-renewable waste

coal, along with nuclear power, only accounted for 27% in 2023. In
2013, this figure was 64%; in 2003, it was 81%.°

° Fraunhofer Institute for Solar Energy Systems, https://energy-charts.info/charts/energy_pie/chart.htm?l=de&c=DE&interval=year&year=2023. 9—44


https://energy-charts.info/charts/energy_pie/chart.htm?l=de&c=DE&interval=year&year=2023
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With its Solar Package I, the German federal government is seeking to reduce
bureaucracy in the construction and operation of photovoltaic systems and
further accelerate the construction of new systems. For example, so-called
‘balcony power plants’® will become much easier to install and operate for
private households. The annual expansion targets were also raised again: an
Increase Iin solar output of 13 GW is planned for 2024; this figure is then set to
rise to 18 GW in 2025 and 22 GW annually from 2026. By 2030, a total nominal
output of 215 GWp (‘gigawatt peak’) is scheduled to be achieved, of which
roughly half is to come from ground- and roof-mounted installations.’

power and feed it directly into their homes in order to reduce energy consumption from the public grid.

10—44


https://www.rnd.de/wirtschaft/solarausbau-in-deutschland-ein-ueberblick-in-grafiken-H7GVN7B2W5EZZGQHLPCN4XUIQA.html
https://www.bundesregierung.de/breg-de/aktuelles/solarpaket-photovoltaik-balkonkraftwerke-2213726
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Market for installed PV capacity by size class

in MWp

Market total

Greater than 1,000 kWp
14,282 Greater than 750 kWp
B > 100 kWp = 1,000 kWp
BN > 100 kWp = 750 kWp
B > 30 kWp < 100 kWp
B > 10 kWp =< 30 kWp
I up to 10 kWp

7,648

7480
‘ /
5,726
4,885
|/
3,861
3,322 2
- 2,876
/
1,901 1,543 1,699
I ] l I

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

agentur, https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unterneh-
neuerbareEnergien/ZahlenDatenInformationen/EEStatistikMaStR.pdf?__blob=publicationFile&v=13.

dule-997412. M—44


https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/ErneuerbareEnergien/ZahlenDatenInformationen/EEStatistikMaStR.pdf?__blob=publicationFile&v=13
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Energie/Unternehmen_Institutionen/ErneuerbareEnergien/ZahlenDatenInformationen/EEStatistikMaStR.pdf?__blob=publicationFile&v=13
https://www.bundestag.de/dokumente/textarchiv/2024/kw15-de-aktuelle-stunde-solarmodule-997412
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Expansion targets
In Europe

icity generation™

Climate targets and energy security as
key drivers of the energy transition

é] @@

EU renewable energy target for 2030™

iz D OIn

heed to be invested annually by 2030, and another €100 billion
a year by 2040, to achieve 100% energy independence'

Many EU countries have revised their expansion targets upwards.

12—44


https://ember-climate.org/data/data-tools/european-renewables-target-tracker/
https://www.bundesregierung.de/breg-de/themen/europa/fit-for-55-eu-194240#:-:text=Europa
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~7 TO green

How Is solar power actually used to produce ‘green’ electricity and

why IS photovoltaics not just a cutting-edge technology, but a

cornerstone of the energy transition? The following section provides

an overview and answers to these questions.

13— 44
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‘This rapid growth confirms our
confidence In the enormous potential of
solar energy.

adri Simson, European Commissioner for Energy, 2023"

://www.solarpowereurope.org/insights/outlooks/eu-market-outlook-for-solar-power-2023-2027/detail. 14—44


https://www.solarpowereurope.org/insights/outlooks/eu-market-outlook-for-solar-power-2023-2027/detail
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Photovoltaics: technology,
design and function.

Solar radiation (photons)

Appliance

v

Front contact

—> n-doped silicon
Boundary layer

P Electron

+ ——— Hole

p-doped silicon

Rear contact

4 Solarenergie.de, ‘Kann die Sonne den Weltenergiebedarf decken?’ https://solarenergie.de/hintergrundwissen/solarenergie-nutzen/weltenergiebedarf.

Solar energy is the energy of solar radiation, which
IS generated by nuclear fusion inside the sun and
reaches the earth as electromagnetic radiation. This
more or less inexhaustible energy source is used to
generate electricity (photovoltaics) and heat (solar
thermal). It is the largest natural source of energy in
our solar system. Every year, many times the world’s
energy requirements reach the earth in the form of
sunlight."

Photovoltaic cells work using the ‘photoelectric
effect’ (or ‘photo effect’ for short). This occurs
In semiconductors such as silicon, which is used
in most photovoltaic cells. In this process, a light
particle (photon) moving in the form of an energy
packet is absorbed by an electron, thereby releasing
the electron from its bond. Due to the special
construction of a photovoltaic cell, with a positively
and negatively doped semiconductor layer and the
resulting electric field in the cell (at the boundary
layer between p- & n-doping), this electron is now
‘free’ and moves towards the negative pole. Here,
the electrons accumulate with increasing light

'S Solarserver, VDMA: Silicon and TOPCon solar cells dominate photovoltaics, https://www.solarserver.de/2024/06/04/vdma-silizium-und-topcon-solarzellen-dominieren-photovoltaik/.

COMMERZ REAL

intensity, creating an electrical voltage in the cell.
By connecting the metal contacts of the negatively
charged side (hegative pole) and the positive pole,
electrons flow - and direct current can now run.
Dieses technologische Grundprinzip wurde
im This basic technological principle has been
continuously developed over time, and today
there are many variants. The cell architecture that
currently dominates the market is the so-called
‘PERC’ technology. In its current forecast from
2023, however, the VDMA (German Mechanical and
Plant Engineering Association) expects TOPCon
technology to gain significant market shares in the
coming years and that heterojunction technology
will also expand its share, with the result that PERC
cells will gradually be pushed out of the market.”
In addition, tandem-cell architecture is an exciting
iInnovation with promising efficiencies, but this
technology is still in the research and development
phase. We will now summarise the most important
components of a photovoltaic system and how they
work. —>

15—44


https://solarenergie.de/hintergrundwissen/solarenergie-nutzen/weltenergiebedarf
https://www.solarserver.de/2024/06/04/vdma-silizium-und-topcon-solarzellen-dominieren-photovoltaik/
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In practice, 60 or 72 solar cells are usually connected to form larger units,

photovoltaic panels. Each panel is wrapped with films and covered with
a glass plate to protect it from environmental influences. A metal frame

provides an additional mounting option. Each panel generates a certain

aspects are the shading and rear ventilation of the
panels, as they lose efficiency the warmer they are
(@pprox. 0.2-0.4% per degree when the 25-degree
mark is exceeded). It is not the ambient temperature
that counts here, but the panel temperature, which
can reach up to 70 degrees Celsius on hot summer
days. Accordingly, the highest solar yields can be
expected in spring, when the sun is already higher in
the sky, but the temperatures are still milder.

In the area of home supply, the aim is to achieve
the highest possible self-consumption rate. Of
course, it always depends on the specific location,
building and consumption conditions, but an
east-west orientation can help to achieve a higher
level of self-consumption. In the case of a ground-

amount of direct current. To generate more energy, several panels can be
connected to form a photovoltaic system.

mounted installation, such an orientation would be
more beneficial to the grid, because generation
would be more steady throughout the day and

the simultaneity factor (midday peak) would be
equalised. In addition to orientation, the combination
with an electricity storage system as buffer storage
can also serve to achieve better market prices

than at the time of actual generation. In the home
sector, the use of an electricity storage system can
further increase the self~-consumption rate of the PV
electricity generated.

16 — 44
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Degradation

Due to ageing and material stress, the performance of PV panels
deteriorates over time, as they are permanently exposed to sunlight
and the effects of the weather. Nevertheless, ground-mounted instal-
lations usually still provide about 85% of their initial yield, even at the
end of their life. According to the Fraunhofer Institute for Solar Energy
Systems, degradation is around 0.15% per year, but operators often
make conservative calculations of up to 0.5%." The technology-
specific recommendations of scientific institutes should be taken into
account when making calculations.

Repowering

By repowering the system at the end of its calculated service life
(new, more effective panels can usually double the vield of the

same area), infrastructures can continue to be used cost-effectively
(following review and any necessary repairs/extensions). This requires
new calculations and the updating or renewal of existing contracts
(insurance, leases, technical operations, etc.), but at the same time
offers opportunities - via PPAs or by adding a storage system - to
generate higher returns and preserve the location.

If @ decision is made against retaining the site, the ground-
mounted installation will be dismantled. In this context, the European
WEEE Directive (Waste Electrical and Electronic Equipment Directive,
2012), which was implemented in Germany with the introduction
of the Electrical and Electronic Equipment Act (ElektroG, 2015), is
intended to regulate the return of panels and impose obligations on
both manufacturers and operators. It sets out a mandatory collection
rate of 85%, of which a recycling rate of 80% is to be achieved. In
general, 95% of a PV panel can be recycled. Nowadays, the aluminium
frame, the junction box (copper) and, in some cases, the glass of the
panels are already returned to the material cycle."” Recycling the cell
composites, which contain silver, silicon, copper and other valuable
resources, is technologically feasible, but not yet economically viable.

17 — 44


https://www.ise.fraunhofer.de/de/veroeffentlichungen/studien/aktuelle-fakten-zur-photovoltaik-in-deutschland.html
https://www.ise.fraunhofer.de/de/veroeffentlichungen/studien/aktuelle-fakten-zur-photovoltaik-in-deutschland.html
https://www.bmuv.de/gesetz/richtlinie-2012-19-eu-ueber-elektro-und-elektronik-altgeraete
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— What are the challenges when planning and
selecting the location of a solar park?

Increased requirements in terms of species
conservation, nature conservation, landscape
conservation, monument conservation, protection
of people and soil/water conservation are greatly
limiting the choice of possible locations. In addition,
we have to deal with closely defined municipal
criteria catalogues, a construction management
procedure that is long in practice and an increased
number of statements from the public. Even
locations that meet all the requirements can

often not be realised because connecting to the
grid is challenging and projects thus become
uneconomical.

Furthermore, the overloading of medium- and
high-voltage grids is a major obstacle to integration
into the power grid, which often means that solar
parks cannot be connected at all or can only be
connected at a great distance, which is associated
with enormous costs. In order to meet these
requirements, we at BELECTRIC focus on informing
and involving all project participants at an early
stage.

— How long do you currently expect the
construction of solar power plants to take in
Germany?

Two years can easily elapse from the municipality’s
decision to install the solar park and the decision to
apply for planning permission to grid connection
and the commissioning of the solar park. This is why
the costs of pre-financing the projects are extremely
high. In the case of larger ground-mounted plants,
which require the construction of a substation

to connect to the grid, implementation may take
another year or so.

COMMERZ REAL

— What are the technical challenges during the
construction phase of a solar park?

Some of the biggest challenges are hidden in the
ground. Nobody wants to bear the soil risk in solar
projects, which is why we at BELECTRIC determine
the condition of the subsoil in advance by means

of intensive geotechnical studies and pull-out tests.
This allows us to determine the materials to be used
and to define the installation process more precisely.
However, the greatest risk of late completion lies

in grid connection. The reasons are manifold:
specific requirements of the operators, long delivery
times for grid connection components, especially
transformers, and lengthy approval processes due to
staff shortages, amongst other things.

— How do you overcome operational and
maintenance challenges to ensure high
performance and efficiency of the solar park?

In Germany alone, four of our locations specialise
In operations and maintenance (O&M). At our
headquarters in Kolitzheim, we have an in-house
control room in which we closely monitor all our
power plants in Europe and Israel. This enables

us to minimise reaction times and downtimes. We
continuously train our highly specialised employees
in order to benefit from new developments and
trends. Thanks to our innovation teams, we always
bring the best out of the latest technologies for our
customers.

18 — 44
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Tonn SCLar [Pl
to iInvestment opportunity

Photovoltaics has established itself in the green energy supply and
has proven its mettle time and again as an investment over the years.
A brief overview explains how photovoltaic systems can pay off for
both operators and investors.

19— 44
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\ ) ‘By 2050, solar energy
will dominate the market.

Study 10/23, Nature Communications

20— 44
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V.

Diversify widely.
Safeguard returns.

The first solar funds were entrepreneurial investments On the other hand, new fund models such as the

In individual solar parks. With these fund models, ELTIF (European Long-Term Investment Fund) are
providers initially raise capital to invest in solar enjoying growing popularity. Here, investors can
projects that are already operational or yet to be invest in clean energy portfolios, some of which are
built. Investors receive repayments from the sale of extremely broadly diversified. The early redemption
electricity over a fixed term and, at the end of the of units to the fund is also possible and offers

term, from the sale of the parks. This model has investors a certain amount of liquidity.
proven to be quite robust over the years. However,

losed-end funds have fallen somewhat out of

shion for private investors due to new regulations.

21— 44
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Regulated marketing.
Numerous options.

In addition to power generation, the decisive investment case for a PV
iInvestment is also the marketing of the solar power, which should not
only cover the investment costs, but also generate an adequate return
for investors.

USE CASES

cOMMERZ REAL £

There are various options for
marketing electricity:

( Utilisation of statutory funding mechanisms, depending

on the performance class:
.—

GERMAN RENEWABLE ENERGY SOURCES ACT - EEG

Sale and direct marketing of
electricity:
.—

ELECTRICITY EXCHANGE

Individual electricity supply contracts with

industrial customers:
.—

POWER PURCHASE AGREEMENTS - PPAS

22— 44
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Statutory feed-in.
Guaranteed prices.

*—— GERMAN RENEWABLE ENERGY SOURCES ACT - EEG

Germany passed the Renewable Energy Sources Act (EEG) back in 2000.
This piece of legislation regulates the priority feed-in of renewable energies
into the power grid and guaranteed producers fixed purchase prices for a long
time. The aim was to support the expansion of renewable electricity generation.
Over the years, the EEG has been revised and developed again and again.

For a long time, the statutory feed-in tariff was well above the market
price. This is why many solar funds in Germany relied entirely on feed-in at
the statutory feed-in tariff. For large-scale plants, however, the fixed feed-in
tariff was practically abolished a few years ago and gave way to a tendering
procedure with its market premium model.

In this case, the difference is calculated between the so-called ‘market
value’ (on a monthly basis) achieved by direct marketing on the electricity
exchange and the amount of subsidy awarded in the specific tendering
procedure for the installation, the so-called ‘fair value’, and the subsidy amount
IS adjusted accordingly on a monthly basis. Today, due to market prices that
are regularly higher than the feed-in tariff, the tariff should be seen as a lower
hedging limit. Smaller systems or private system operators can continue to
receive a guaranteed feed-in tariff for their electricity in accordance with the
EEG; this tariff is staggered according to the power class and feed-in variant
of the system. However, since this is now much lower than the operator’s own
electricity procurement costs, it is more worthwhile to use the electricity for self-
sufficiency as far as possible.

23— 44
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Fluctuating prices.
Increasing opportunities.

As feed-in tariff rates fall, commercial electricity producers such as solar funds
are increasingly keen to market their electricity directly on the electricity
exchange. If the electricity is only marketed directly, it is sold at flexible prices,
which can sometimes lead to higher returns than the feed-in tariff. In practice,
however, there is little focus on direct marketing alone and the feed-in tariff

is used as a ‘floor’, i.e. downward price hedging, to mitigate price risks. This is
because prices on the electricity market fluctuate depending on the time of
day and the weather, very much in accordance with the principle of supply and
demand. While they are usually lower on summer days, for example, when
large amounts of photovoltaic electricity are fed in, they often increase when
the fluctuating supply of renewable energies decreases due to weather
influences. In terms of marketing, battery storage offers good opportunities
to feed some of the electricity generated from renewable energy into the grid
at a later date in order to achieve higher prices. In addition to higher market
prices, this also contributes to grid stability by better distributing the feed-in
throughout the day.

24—44
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On-site PPA:

Electricity is supplied via a

iIrect connection between
> plant and the customer
ind the meter, without

ort through the grid).
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3 *—— POWER PURCHASE AGREEMENTS - PPAS

Physical PPA:

Electricity is transported via
the grid, so there is no need
for the plant and the customer
to be in the immediate vicinity
of each other.

Synthetic PPA:

Indirect electricity purchasing;
here, the focus is on financial
compensation payments in

the form of a contract for
difference (CFD), the aim being
to maximise price hedging on
both sides.

25— 44


https://www.dena.de/newsroom/meldungen/2023/ppa-markt-hat-potenzial-bis-zu-25-prozent-des-strombedarf/

WORKS INVESTMENT INNOVATIONS CONCLUSION USE CASES

QJUESTIONS ABOUT THE CURRENT CHALLENGES AND
PORTUNITIES IN THE SOLAR INDUSTRY FOR
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— Which technological developments do you
consider to be the most important at the moment?
Continuous cost reduction in panel production. Ex-
perts expect manufacturing costs to come down by
a further third by the end of the decade™ Another
important factor will be improving cell efficiency.
The silicon panels that currently dominate the mar-
ket for commmercial PV systems are constantly being
enhanced through gradual improvements in materi-
als, manufacturing processes and cell architectures.
Further market penetration of n-type and bifacial
panels will further increase efficiency in the future.
Further research in the field of thin-film technol-
ogy and different material combinations (tandem
cells) will lead to major efficiency gains in the me-
dium term due to better utilisation of the frequen-

COMMERZ REAL

cy spectrum, sunlight, longer service lives and cost
reductions in manufacturing. One example is per-
ovskite solar cells, which are expected to increase
efficiency by up to 29% in the medium to long term
(currently around 19-22%).

— How do you assess the long-term profitability of
photovoltaics for producers and investors?

This depends on a number of factors. It is clear

that falling feed-in tariffs and increasing market
saturation, particularly due to the high simultaneity
factor of PV @all installations generate electricity

at the same time), have a negative impact on PV
profitability when these factors are considered

in isolation. However, there are numerous
developments that are counteracting this. The

26— 44
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ical Another driver lies in the conditions for producing green hydrogen
in the EU. The required high temporal and geographical correlation
between electricity and hydrogen production forces operators of
electrolysers in Germany to conclude a PPA for the generation of
ewable hydrogen.

Over the next few years, we expect PPAs for hydrogen

ction to continue to establish themselves on the market. With the
Ing number of wind turbines whose (EEG) subsidies are coming
we expect a further increase in the number of post-EEG

ing wind turbine operators to secure their income once the
e expired.

1er hand, we are seeing a decline in short-term PPAs,
ators of tariff-subsidised plants to increase their

ne fall in market prices, the tariffs awarded in the

ave recently mostly been higher than the PPA

ontinued strong growth in the market, as
including price stability, long-term revenue
stainability goals and an easing of the
payers caused by unnecessary tariff
oility for outside financing, they are

1g up the renewable energy market
lon targets.
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‘Power purchase agreements have
become an important pillar of growth in
the photovoltaic sector in Europe.’

27 — 44
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that radiate promise
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A look at innovations In PV and how space can be used even more
efficiently. Integrated PV solutions, In particular, are currently being

promoted. They make it possible to open up previously
unused areas for solar power generation.
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Transport-integrated PV
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https://solar-distribution.baywa-re.lu/de/ueber-uns/news/details/erste-erkenntnisse-zu-umweltauswirkungen-von-floating-pv
https://solar-distribution.baywa-re.lu/de/ueber-uns/news/details/erste-erkenntnisse-zu-umweltauswirkungen-von-floating-pv
https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/schwimmende-photovoltaik-fpv.html
https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/schwimmende-photovoltaik-fpv.html
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AGRIVOLTAICS

CONCEPT

23 Fraunhofer Institute for Solar Energy Systems, ‘AgriPhotovoltaik: Doppelt ernten’, https://www.ise.fraunhofer.de/content/dam/ise/de/documents/
infomaterial/brochures/23 _de_ ISE_Flyer_Agri-PV_Doppelt_ernten.pdf.

24 Fraunhofer Institute for Solar Energy Systems, ‘Agri-Photovoltaik: Chance fur Landwirtschaft und Energiewende’, https://www.ise.fraunhofer.de/
content/dam/ise/de/documents/publications/studies/APV-Leitfaden.pdf.

COMMERZ REAL

Good
agricultural sense

Agrivoltaics refers to the dual use of agricultural land. Farmers can use
framed photovoltaic systems to produce energy, reducing farm costs by
generating additional income. As a result, the space is used more efficiently.
Targeted planning ensures that crops underneath the PV systems are not
exposed to too much shade. On the contrary: especially in hot and dry
summers, the shade protects the plants from excessive sunlight and reduces
the amount of water needed. The systems also offer additional protection in the
event of severe weather events such as storms or hail.?

At present, approval procedures are even more complex than for other PV
systems and yields are more difficult to estimate. The authorisation situation,
at least, could improve in the long term from a regulatory perspective, as the
efficient dual use of space is also politically desired.?*

The potential is certainly there:
It is calculated that up to 1,700 GWp could be harnessed by agrivoltaics.?*
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https://www.ise.fraunhofer.de/content/dam/ise/de/documents/infomaterial/brochures/23_de_ISE_Flyer_Agri-PV_Doppelt_ernten.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/infomaterial/brochures/23_de_ISE_Flyer_Agri-PV_Doppelt_ernten.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/APV-Leitfaden.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/APV-Leitfaden.pdf
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https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/bauwerkintegrierte-photovoltaik-bipv.html
https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/bauwerkintegrierte-photovoltaik-bipv.html
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Transport-integrated PV:
From km/h to kWh
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The dual use of transport areas such as motorways, car parks, motorway service
stations, shopping centres, multi-storey car parks and noise barriers not only
offers efficiency benefits, but also great potential: transport routes account

for 5% of the total area in Germany.?® The potential in generation for transport
routes alone is thus up to 300 GWp, while noise barriers on motorways and

rail lines could deliver around 5 GWp and parking spaces around 59 GWp.?¢
With PV systems integrated into transport, it would be possible to supply the
surrounding transport infrastructure (service stations, charging infrastructure
for EVs, communication infrastructure) and nearby consumers with green
electricity. Other benefits include the surface’s effective weather protection
function, which extends its service life. In addition, an integrated solution for
noise protection would also be conceivable. However, installation is complex: the
systems require both particularly stable substructures that can withstand traffic
accidents and integration into existing operational processes. The demands
placed on the panels are also increasing: they must be non-glare and sound-
absorbent.?’
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https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/verkehrswege-photovoltaik-ripv.html>;
https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/verkehrswege-photovoltaik-ripv.html>;
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/infomaterial/brochures/21_de_ISE_RIPV.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/infomaterial/brochures/21_de_ISE_RIPV.pdf
https://www.ise.fraunhofer.de/de/leitthemen/integrierte-photovoltaik/verkehrswege-photovoltaik-ripv.html
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Light

In our conclusion, we highlight the strengths and weaknesses,
opportunities and risks of photovoltaics.
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cenhouse gas

during operation
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Sustainable investment attractive for
investors and the environment

Versatile use possible on various areas,
some of which were previously unused (PV
on agricultural, water, transport and facade
areas)

Increasing global demand

High level of acceptance amongst
companies and consumers

Low-cost (re)financing possible when
interest rates fall

Low electricity generation costs

Dependence on international suppliers,
especially China

Internationalised supply chain causes solar
projects to be delayed

Fluctuating electricity prices (depending on
marketing model)

Partly opaque supply chains through
international suppliers/manufacturers
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ic CO,e upstream emission factors of the German Environment Agency. Avoidance factors will decline in the future due to the expected increase in
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Real 0rojects

CJ

We present three innovative solar parks from Commerz Real’s renewables
portfolio as best practices that demonstrate in different ways how we can

benefit from PV as a technology and investment in equal measure, today
and In the future.
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KING’S ROAR -
solar park in Vasteras,
Sweden

The King’s Roar solar park in Vasteras, central Sweden,

was commissioned in February 2024 and, with a capacity

of 22 MWp, is an important building block in the region’s
sustainable energy generation. The power plant covers a
25-hectare site and is equipped with 32,500 solar panels
and is designed to meet the annual electricity needs of
around 2,300 average Swedish households.?' The solar

park was added to Commerz Real’s renewables portfolio in
April 2022, with Helios Nordic Energy responsible for project
development.
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O, the solar industry in Europe is expected
to four times its current size’

Power Europe, 2024
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Solar cell
casurement for the A solar cell is the basic building block of a solar panel.
ns under standard The conversion of light into electricity takes place in the

cell.

Solar panel

s of gen- A solar panel connects several solar cells to
rces or form a larger module. A panel usually consists of 60 to
entional- 72 cells.

Power storage

Power storage systems can be battery or accumulator
systems that store surpluses in order to feed them into
the grid when production is low or non-existent.

verter
erters convert the direct current generated by PV

oms into alternating current, allowing private house-
O consume it.
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