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Here at Commerz Real, we ask ourselves the following fundamental question: what does a future look like in which we as
humans want to live? When viewed in its entirety, the topic of infrastructure represents one of the crucial aspects in terms of
ustainably networking and designing environments. It forms the basis of our communities and links the major issues of our
1e, such as energy supply, urban development and safeguarding prosperity.

Dear Readers,

ite the social, political and economic challenges of recent years, infrastructure transformation is increasingly gaining
tum - and in Germany, for example, there is currently a huge need for investment.

e expansion of roads, railways, waterways, electricity supply and telecommunication networks benefits
e state, citizens and companies.

lence and a network of strong partners are needed to make this happen. At Commerz Real, we focus on
ologies and assets. In recent decades, we have developed comprehensive expertise in the areas of property
gles - two key segments with exceptional relevance for all aspects of infrastructure. It has long been clear
wewable energies are inexplicably linked, which is why we need to develop holistic approaches tailored to
approaches support us on the journey to net zero and open up new income streams.

de a comprehensive picture of the global infrastructure market in this white paper, we have

S. This first part examines the changing market and the opportunities it offers to institutional and

olores the influence of infrastructures on the energy transition, whereas part three centres on
oS,

uctured insights.
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oo a successtul
energy transition

The transition to renewable energies requires development and
expansion In almost all areas of energy provision. We provide an

overview of the energy market in all its aspects and venture an outlook
on the future.
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You consume energy!

Without you even doing anything, your
body consumes 2,000 kilocalories just

to keep you alive. If you attempt to read
and understand this text, you consume a
little bit more energy; if you then do some
Internet research to check whether these
claims are true, your search requests on
global servers consume yet more energy.
You can find out how much online, but - as
explained - this also involves consuming
energy.

Taken from: Erneuerbare Energien zum Verstehen und
Mitreden, C. Holler et al., 2021
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is unfair.

gy infrastructure is becoming increasingly
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Strengthen
energy policy and
governance

Shape the
future of energy
systems

Innovations in
energy
technology

Build resilience
energy syste

COMMERZ REAL

New directio
energy polic

\

Release enerc
financing

Accelerate acce
to energy

Steer future

energy supply
and demand

Source: World Economic Forum/Strategic Intelligence
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2carbonise electricity generation by switching from fossil
energy generation has been further expanded in recent
es accounted for more than half of gross electricity
work to be done:

The share of renewables in energy
consumption for heating and in
transport is much lower.

Development of the share of renewable energies in the sectors
electricity, heating and transport

Of green energy in %

53.2 (2023) Electricity
B Heating
Bl Transport
18.8 (2023)
-
7.3 (2023)
T —

2015 2020
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Status quo of the
enhergy transition.

The forced electrification of road traffic and
heating supply will - alongside digitalisation
and Al - significantly increase electricity
consumption.

Global electricity consumption by sector,
sustained momentum

Thousand TWh

80 Current | Forecast Transport
| +3.5% p.a. W Data centres
| 5 B Hydrogen
: Bl Buildings
60 : B (ndustry
|
|
+3.0% p.a. |
40 :

CAGR, 2023-2050
10% Transport

31
/ 25

8% Data centres

20% Hydrogen
2% Buildings
3% Industry

18
20 13 I

2000 2010 2023 2030 2050

Source: McKinsey & Company, Global Energy Perspective 2024, September 2024
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Total investment

1,213,907

million euros

N4

82,515

investment.
er to

many.
austry
1 bil-
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ne targets of the energy transition by 2030 and 2035

Transport grids Distribution grids District heating Green gases Storage Core H, network
(electricity and gas) (electricity and gas) 71,808 million 45,901 million 34,125 million 19,787 million
250,844 million euros 222,465 million euros euros euros euros euros

141,129 139,950 32,219 22,625 17,063 14,735

77\
® © @ @

39,589 23,276 17,063 5,052
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Investment drives growth

Annual potential

52,206

million euros

Realised in 2023

28,157

million euros

Source: EY Deutschland und BDEW Bundesverband der Energie und Wasserwirtschaft e. V., Fortschrittsmonitor 2024 - Energiewende, April 2024

Investment drives growth.

The investment needed by 2040 could trigger gross
value added of more than 52 billion euros per an-
num, which represents 1.5% of total value added in
Germany. The gross value added actually triggered
by the energy transition in 2023 is estimated at

over 28 billion euros. As a result, 54% of the annual
potential was realised, which is primarily due to the
expansion of electricity generation and grids com-
pleted in 2023.

More momentum is needed.

The actual/target comparison for 2023 shows that
the potential value added for the year was not fully
harnessed. In order to maximise existing potential,
what is needed most is increased investment in the
areas of electricity generation and grid expansion.
Further drivers are needed through the expansion
of district heating, the core hydrogen network and
energy storage.
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EPEX Spot Price Day Ahead
A ore Volume-weighted, not adjusted for inflation

Price (EUR/MWh, EUR/tCO,) B Day Ahead Auction (volume-weighted) 230.57
200
150
93.36 92.29
100
66.77
51.05 51.58
45.55 42.63___ 43.26___

T395613988—rl 37.85 258 345 5pq 207 I 36.64 29 =

2006 2009 2012 2015 2018 2021

Source: Fraunhofer ISE, Stromerzeugung in Deutschland im Jahr 2023, June 2024

eit to a high level when Price developments for emission allowances (EUA) since 2008

Overall, the market
volatile in recent Price per tonne of CO, equivalent in EUR B ICE EUA Front December

100 M
rtunities are A

Ironmen- € N
icity and
ific 50

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Source: ICE, Refinitiv Eikon, Darstellung Deutsche Emissionshandelsstelle (DEHSY), as of: 30 October 2023
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Sun,
wind and
future.

The energy transition needs to be
ramped up.

obally, solar and wind represent the

jor levers in terms of renewable energy
ation. In Germany, the construction
solar panels stands at 13.6 GW
erefore almost double that of the
and is well above the target

> expansion of onshore and
energy comes in at 3.3 GW
vectively; while this is also
5 year, it is well short of
S. In order to remain
e, new construction
needs to increase
a factor of 9 is

ergy.”©

Fresh legislative wind.

The underlying legal conditions in the
energy generation sector have improved
considerably compared with previous
years, leading to a more upbeat mood in
the ‘approvals climate index’, which is now
medium. The moderate increase in land
allocation for onshore wind turbines and a
steep climb in calls for tender and awarded
contracts point to a potential acceleration
of renewable energy expansion in the years
to come.”©

COMMERZ REAL

Expansion targets for wind power in Germany

1 2%
O (o]
By 2023, 2% of land in

Germany (7,168 km?)
should be allocated.

Source: Federal Foundation of Baukultur, June 2024

Step-by-step progress

Despite the current progress, there
remains substantial room for improvement,
especially when it comes to the lengthy
planning and approvals process, which

Is considerably slowing down the rate of
renewable energy expansion. It is equally
important to promote acceptance of

the energy transition through targeted
measures, thus effectively removing
hurdles at a local level.”®

10— 25
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Switching to
renewables - what now?

/ﬁ% [l ) <

. — Storage Increasing Decentralised
Switching to solutions energy supply
renewable efficiency Net zero
energies
Further increase in the Storage systems are Integration of Grid expansion must be
speed of expansion increasingly needed, fluctuating renewables accelerated. (focus on north-
required (solar and essential from 50% into the energy system south line) + EU grid integra-

wind) share of renewable and coupling with tion (interconnectors), joint
energy" other sectors (heating, electricity market design
mobility)

a New business models and innovations

To implement new technologies and applications in an economically attractive manner.

International cooperation

a To optimally harness the geographic suitability of individual energy sources, incl. the
settlement of energy-intensive industries in places favourable to green energy generation.

n—25
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7 Potential solutions

... and associated investment opportunities, which we
examine in more detail on the following pages:

Battery ( — 9

Hybridisation storage Hydrogen Repowering Offshore Grids Sector coupling

12— 25
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Hybridisation

Solar, wind and storage: greater hybrid productivity.

Hybridisation of generation equipment.
The transmission grids currently constitute a
bottleneck in the continued expansion of renewable
energy generation. This doesn’t just apply to
high-voltage lines, so-called ‘electricity highways’
covering long distances, but also to local low- and
medium-voltage grid connections. On the other
hand, both wind and solar parks exhibit highly
fluctuating generation profiles, depending on the
time of day and the season, as well as the location
and weather conditions.

This means that the local grid connections
of the facility concerned are not used at their full
capacity for longer periods of the year and - at
other times - are overloaded and unable to fully
feed in the electricity generated. It therefore makes

sense to use the corresponding grid connections
more efficiently by combining multiple, non-
correlating generation methods, such as wind and
solar. By ‘levelling out’ generation profiles in this way,
overall grid stability is also improved and capacity
expansion opportunities are opened up that would
otherwise be hampered by a lack of grid capacity.

In addition, a more stable generation profile makes
it easier to market the electricity by means of long-
term power purchase agreements (PPAS).

An equally efficient version involves
supplementing an existing facility with a battery
storage system that absorbs generation peaks
and feeds them back into the grid when power
generation is low and/or the spot price is especially
high.

cOMMERZ REAL £

Schematic generation profiles of solar and
wind energy facilities

Day Year
Solar capacity Solar capacity
100 % 100 %
6h 12h 18h d d
Wind capacity Wind capacity
100 % 100 %
6h 12h 18h d d

Solar and wind capacity Solar and wind capacity

AR 100 % | A 100 %

6h 12h 18h d d

Source: own chart

13—25
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Storage solutions

First aid for fluctuating generation.

Planned large battery storage systems
Fivefold capacity increase expected in two years

Global price development for lithium-ion batteries in
selected years from 2013 to 2023

in GWh
) Hl (nstalled
10 x 5 approx. 8.6 capacity,
cumulative
- approx. 6.7 B Expected
installed
/ capacity,
5 / cumulative
(based on
approx 2.6 projects
55 announced)

0 1.4 I
0.6 0.7 .
- BN

2020 2021 2022 2023 2024 2025 2026

in USD/kWh

Source: Bundesverband Solarwirtschaft e.V., October 2024

649
600
420
400 324
202
200 I I i 150— 141 — 151

TIT}

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Source: Roland Berger and RWTH Aachen University, Battery Monitor 2023, 2023, Batteriemonitor_

2023 _digital.pdf
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Lowering volatility. Reducing electricity prices.

In future, battery storage systems will play a crucial role in terms of
feeding the power generation profiles of renewable energies into the
power grid more evenly, utilising grid capacities more efficiently, con-
tributing to a base load capacity of renewable energies and feeding in
and marketing the power generated in closer alignment with market
needs. Overall, they will lower the volatility of generation profiles and
electricity prices alike.

For a long period, battery storage systems for renewable ener-
gies were viewed as too complex, too intricate and, most of all, too
expensive to be used at scale. Thanks to technological advances and
the huge growth in production capacity, chiefly for the global use of
electric vehicles, prices per kWh have fallen sharply; for lithium-ion
batteries, for instance, they decreased by almost 80 per cent to $152
between 2013 and 2023.

Fitting solar and wind parks with battery storage systems not only
enables production peaks to be absorbed with great flexibility - and
fed back in during slack periods - but also makes it possible to wait
out low-price phases on spot markets and delay marketing the elec-
tricity until prices are higher. Unlike pumped-storage hydroelectricity,
for example, the required construction work and interference in nature
and the landscape are relatively minor, which also improves local
acceptance.

According to the German Solar Association (BSW-Solar), there
could be a fivefold increase in the installed capacity of large battery
storage systems in Germany in the next two years. This is based on the
most recent market analysis of consultancy firm Enervis, produced on
behalf of the association.

14 —25
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Hydrogen

Energy source of the future.

Great potential. Great need for investment.

It is widely expected that hydrogen will be a key
component of tomorrow’s energy mix. After

all, many large-scale industrial processes rely

on alternatives to fossil fuels such as oil and
natural gas, e.g. steel manufacturing and bulk
chemicals.

However, this hydrogen first needs to be
produced in a climate-neutral way, subsequent-
ly transported to consumers and safely stored.
This requires the development of a dedicated
infrastructure, which is still in its early days in
Germany. However, this process is gaining trac-
tion. As part of the National Hydrogen Strategy,
the German federal government set itself the
target of establishing 10 GW of electrolyser ca-
pacity by 2030. While this capacity currently (as

See page 23 for an explanation of references

RENEWABLE ENERGIES POTENTIAL SOLUTIONS

of July 2024) only stands at approx. 150 MW, Iin-
vestors and operators have announced planned
projects that amount to capacity of 13.4 GW
by 2030 (see Figure 5). As such, Germany is
leading the way in Europe. However, this will not
even come close to meeting demand of at least
18 GW, with other estimates as high as 89 GW.
There is also the required transport and
logistics infrastructure to consider. Pilot projects
are under way in salt caverns. It is important to
note that hydrogen, due to its low energy densi-
ty, requires about four times as much volume
as the same amount of energy in natural gas.
Overall, there is a mammoth need for invest-
ment in hydrogen, but there seems to be no
other option if Germany wishes to preserve its
status as an industrial nation for raw materials.

OUTLOOK

cOMMERZ REAL £

‘Hydrogen is hot an economic project,
but a political one. | don’t like that.’

Hans Fredrik Forssman, Skandia Mutual Life®

Electrolysis capacities

Announced electrolysis projects by current status, planned/installed output and their
(anticipated) first year of hydrogen production. Taken cumulatively, these output levels reflect
the entire electrolysis capacity included in the H2 Compass.

Capacity in MWel

Il Out of use
In use

B Under construction
In planning
Installed

Bl Cumulative

50000

10000
5000

1000
500

100

50 / ® o

2030 PAOKSS 2040

Source: ICE, Refinitiv Eikon, Darstellung Deutsche Emissionshandelsstelle (DEHSY), as of: 30 October 2023

15—25
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1 Repowering
l

Modernisation first.

Replacements that make sense. And boost output.

Since the boom years in the 2000s and 2010s. the construc-
tion of new onshore wind turbines in Germany has tailed off
considerably. The sharp fall from almost 1,800 new turbines in
2017 to 325 in 2019, the lowest level since the turn of the mil-
lennium, was chiefly due to changes in the German Renew-
able Energies Act (EEG). Since then, however, the pace has
only slowly increased again, with 745 new turbines in 2023.
There is another reason for the sluggish rate of expansion:
wind turbines have generally already been built on the sites
with the highest potential returns. In other cases, there is local
opposition to perceived damage to the landscape.

These developments coincide with another: the boom in
the industry prompted by the first EEE reached its 20th anni-
versary in 2020. This means that many wind turbines installed
in the early 2000s with the help of subsidies are no longer
covered by 20-year subsidies and are thus nearing the end of
their life cycle. They are often located at extremely high-yield

See page 23 for an explanation of references

RENEWABLE ENERGIES

POTENTIAL SOLUTIONS OUTLOOK

B6 IN15 47

Average equipment age and forecast end of life as per the
technical life cycle in years

On average, newly installed onshore
(/‘ 3 wind turbines are more than three
x times more powerful than their pre-

decessors of twenty years ago.”

sites, where it would make sense to replace them with newer
models, known as ‘repowering’. On average, newly installed
onshore wind turbines boast an output of 4.8 MW, making
them more than three times more powerful than their 1.4 MW
predecessors of twenty years ago. This also explains why the
level of newly installed output in 2023 is easily above that of
the early 2000s and is back to the level seen in 2015.

Whereas solar panels in Germany in 2023 represent the
latest model, onshore wind turbines already constitute the
oldest model five years before the forecast end of their twen-
ty-year life cycle. It is expected that panels with an installed
output of more than 54 GW - which is more than a third of
the capacity installed in 2023 - will reach the end of their life
cycle between 2034 and 2037. The majority of the output
that will exceed its technical service life during this period
stems from solar panels that were mainly installed between
2009 and 2012.

cOMMERZ REAL £

Wind turbines in Germany
Volume-weighted, not adjusted for inflation

Cumulative turbines New turbines built

50k 2,500

2,000

1,500

1,000

Source: WindGuard GmbH, as of: 16 January 2024

Installed wind energy output in Germany

Cumulative output in MW Newly added output in MW

75k okvv

60k 4.8k

45k 3.6k

2000

Source: WindGuard GmbH, as of: 16 January 2024

16 — 25
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POTENTIAL SOLUTIONS

Offshore wind

An energy boost from the coast.

(Expected) development of offshore wind energy output in Germany

OUTLOOK

Cumulative output in GW Output added and removed in MW

/

30 / 10,000

24 / 8,000

18 / 6,000

12 4000

2,000

2009 2011 2013 PAONRS) 2017 2019 2021 2023 2025 2027 2029 2030

B Cumulative existing
output
Output changes to
existing facilities
Expected additional
output

B Annual additional
output
Annual output
reduction

= Fxpected cumulative
output

Source: BWE, Ausbau der Offshore-Windenergie 2023: Die Projektrealisierung muss in den Fokus ricken!, January 2024

Huge potential on the high seas.

Despite all the repowering opportunities,
additional capacities for building new onshore
wind turbines in Germany are, for a variety

of reasons, limited. This is one of the reasons,
albeit not the only one, why offshore wind is
increasingly growing in importance. The natural
conditions are usually better. Here, the wind

Is generally more powerful, more frequent

and more reliable than on land, enabling more
stable electricity yields and higher outputs.
What’s more, the individual turbines are

much larger and more powerful. By way of
comparison: 27 new wind turbines went into
operation in 2023 with an output of 9.5 MW per
turbine, i.e. twice as high as on land. To enable
the greatest possible efficiency in the use of
the construction and grid infrastructure, these
individual turbines are consolidated to form
extremely large wind parks. Take the offshore
wind park ‘Veja Mate’, for instance, which spans
an area of roughly 50 km? in the North Sea,
making it roughly the size of Lake Starnberg.
The total output of the turbines installed here
amounts to more than 400 MW.

cOMMERZ REAL £

Overall, the importance of offshore wind in
Germany lags well behind onshore, but the
potential for expansion and the potential
output are far higher. According to estimates,
the cumulative output could climb to 30 GW
by 2030, which would roughly equate to the
electrical output of 25 Biblis nuclear reactor
blocks. To make this happen, however, a

huge and highly specialised infrastructure is
required alongside the turbines themselves; this
ranges from manufacturing and transport of
the rotors (up to 90 m long) and storage and
loading capacities in the ports to special ships
and platforms out at sea. The maintenance
requirements are also correspondingly

high. Therefore, there is not only a need

for investment in the offshore wind parks
themselves; their associated infrastructure also
represents a bottleneck and requires further
expansion, although it already constitutes a not
insignificant economic factor and employer in
the regions concerned.

17 — 25
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Energy grids

Electricity, gas and heating.

Number of additional grid users (in millions)

., B E05 29

Heat pumps
B Charging stations
I Solar panels

Source: EY Germany

Network(s) for a healthy climate.

Alongside the generation of electricity from sustain-
able resources, the expansion of electricity, gas and
district heating grids is a critical factor in low-emis-
sion energy supply.

Increasing consumption, coupled with new
purchasing profiles, results in greater demands and
considerable need for investment, with the roll-out
of intelligent metering systems still in its infancy.
High supply security, however, remains assured at all

times. In an overarching sense, there is a need to in-
tensify sector coupling between electricity, gas and
hydrogen.

To make this a reality, planning and approval
processes must be accelerated, and an economic
framework created for investments. This transforma-
tion requires close cooperation between all parties
involved. In addition to grid expansion, there is also
a need for more digitalisation, standardisation and
automation.

cOMMERZ REAL £

Two types of grid operator and annual investments needed in the electricity

grid (billions of euros)

¥

TNOs

Transmission system operators

operate the national power grid
and transport electricity over large
distances at high voltage. They are
responsible for the expansion of the
power grid, managing electricity
flows and for operation.

2023 4.5

2030 target 16.4

Source: EY Germany

o
nnno!

DSOs

Distribution system operators

ensure that electricity providers and
consumers are connected to the
grid at a regional level. At regional
level, they administer the distribution
infrastructure, including substations
and transformers.

2023 7.0

2030 target 15.4

18 — 25
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Sector coupling

All together now.

Interconnected energy.

Sector coupling describes the process of connecting
electricity, heating and gas grids, as well as the transport
sector as a key technology, in order to holistically decarbonise
and thus achieve carbon neutrality. In Germany, one challenge
lies in the current focus on the electricity transition as the
basis for the energy transition, Due to the increasing use

of renewable energies, however, the positive and negative
residual load is also rising, leading to insufficient/excess
coverage of electricity needs during load periods.

Moreover, problems within the sectors are generally
considered in isolation and there is no holistic solution in
terms of how sector advantages can be harnessed to solve
problems. Sector coupling aims to bring about improvement
in this regard, with green hydrogen having the potential to act
as a key technology for the speedy implementation of sector
coupling. ‘Power-to-X’ solutions represent a current driver in
this area, with renewable energies as the starting point.

POTENTIAL SOLUTIONS

Electricity

7

Direct
electrification
(heat pumps)

Heating

OUTLOOK

s

Vehicle to grid

Direct
electrification
(EVs)
Electrolysis
Reconversion
Hydrogen

Gy

Admixtures in
the gas grid

3

Process heat
Exhaust heat

E-fuels

I

Exhaust heat as an
industrial output

Transport

Industry

Power to X

cOMMERZ REAL £

Gas

By means of electrolysis,
hydrogen can be produced as
surplus green energy; it can
then be distributed via the
existing gas infrastructure as
natural gas following sulbse-
guent methanisation.

Heat

Surplus electricity can be con-
verted into heat (heat pumps).
Surplus heat can also be used
as district heating.

Valuable

Surplus energy for industry, e.g.
melting metals.

Mobility

Surplus electricity is temporarily
stored in car batteries and then

released into the grid when not

enough energy is available.

Liquids

In the form of excess manufac-
turing of synthetic hydrocar-
bons (kerosene, etc.).

19 —25
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=G,

Some of the seven potential solutions are still a long
way off, whereas others are already gaining ground.
The expansion of offshore wind energy and re-
powering are already picking up noticeable momen-
tum, even though major investments are still needed
in the offshore segment and no suitable approach
to repowering has yet prevailed. Battery storage
systems will soon emerge and expand away from
their previous niche in the next two to three years,
allowing the production and availability of wind and
solar power to be further improved.
It will be imperative to expand and optimise
the grid infrastructure for transporting electrici-
ty, gas and heating in the years ahead in order to
ensure blanket energy coverage. It remains to be
een whether facility hybridisation will become a
s phenomenon by the end of this decade; in
em with battery storage systems, however, it
at least be widespread by 2030. The pace at
wer grids are expanded, modernised and

NIEC

COMMERZ REAL

O 3

digitalised needs to be accelerated at all levels if the
targets set are to be achieved.

There is more uncertainty when it comes to the
development of hydrogen, as some unknowns still
apply and certain technical challenges still need to
be overcome. First and foremost: where will electrol-
ysis be carried out and using what energy? And how
will the hydrogen reach the consumer? The current
political standpoint on electric vehicles also makes it
harder to continue developing hydrogen as an alter-
native fuel in road traffic. Solving these challenges,
however, enables holistic sector coupling that could
unlock further potential and enable further steps
towards achieving the climate targets set.

Overall, the aforementioned developments
are set to shape the continuation of the German
and European energy transition in the second half
of this decade. Therefore, investors should keep an
eye on them in the years ahead.

20— 25
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e Is King.
5 key.

design our infrastructure with intelligence
Ire us to think and cooperate at an
tional investors are indispensable in
lon. Innovative technologies and

ich we will develop an efficiently
ands of tomorrow.

yone serious about genuine
INg an integrated approach
1gs and look forward to

COMMERZ REAL

Henning Koch
Chief Executive Officer,
Commerz Real AG
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efficiency

e reduction of consumption and resource
gh the use of efficient and environmen-
nologies and processes. Although
ergy efficiency, it nonetheless

e concept. In particular, resource
dematerialisation, i.e. the reduc-
ile still maintaining the quality
and circularity. The latter
terial cycles, e.g. by means
ecycling, reuse, repair, re-
processing of materials.

COMMERZ REAL
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