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Industrial Electricity Prices

(€/kWh), Excluding VAT and other recoverable taxes and levies

0.30
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In H1 2022, European industrial clients experienced a strong increase in the average cost of electricity

Source: Eurostat, 2022; Notes: Consumption > 150 000 MWh © GTAI 2



Germany: Energy Exchange Price Development

(€/MWh)
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After initial price peaks in August 2022, German energy exchange prices have shown a downwards trend

Source: Energy-Charts.info, Fraunhofer ISE, 2022
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European Legal Framework
Paving the way for investments in decarbonized production

Make the EU
GREEN DEAL g8
the first climate- emissions
neutral reduction:
continent by 2050
Py - 55% by 2030
&

CADMTYNDN

Source: European Commission 2021



German Industrial Emissions
Trends and Goals 2030- 2050- 2045

German Industrial Emissions (CO,e Produced Domestically)

300 284
Post Re-unification Efficiency Gai
ost Re-unification Efficiency Gains M Climate Neutral 2045 ® Industrial Emissions
250
Two Decade Trend = Climate Goals 2030
208 196
[\]
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Z 150 0
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0 T

1990 2000 2010 2015 2018 *2020 2030 2045

Source: Agora Energiewende und Wuppertal Institut (2019); * Umwelt Bundesamt 2021 © GTAI 5



Renewable Electricity in Germany
Renewables share of gross electricity consumption growing

beyond expectations
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Source: BDEW 2022

- Renewable share
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® Goals

2030
80%

Germany will heavily
increase the
renewable share of

gross electricity
consumption
by 2030
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Gross Electricity Generation in Germany
Renewables has increased almost tenfold since 1998

1998 2022

Oil, Pumped Renewables, Photovoltaic, )
Storage, / 5.0% 11.4% \ Nuclear, 6.0%

(o)
Other, 5.0%_ Offshore

Wind, 4.5%
Natural Gas, /

9.0%

Lignite, 19.9%
\

Nuclear, 29.0%

Onshore Wind
17.8%

Hard Coal,
11.0%

| -

Total: 547 TWh
Net Export: 28 TWh
Natural Gas,

13.7%

Hard Coal,

28.0% \

Hydro, 3.2%

Biomass;/
Waste, 8.9%  qil, Other

3.6%

Total: 557 TWh —_ Lignite, 25.0%
Net Export: 0.6 TWh

© GTAI 7

Source: BDEW, 2022



The German Electricity Market

Offshore wind recognized for its high potential

Installed Capacity By Source 2022

Full Load Hours by Plant Type 2020

Total: 230 GW Lignite, 8.0%
Wind & PV: 132 GW

Peak load: 80 GW

Photovoltaic;/

Nuclear, 1.8%_\

s

Hard Coal,
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0,
28.6% Natural Gas,
[ 13.6%
Offshore/ ~___0il, Others,
Wind, 4.8%
3.5%
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25.2% Hydro, 2.4%

Source: BDEW, 2022
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Massive Growth of PV Installations in Germany
>20% CAGR from 2022 to 2030 in annual installations needed in order

to meet NEW GOV TARGET of 215 GWp total capacity by 2030

Annually installed PV capacity in Germany
(in GWp p.a.)

by 2030

20

15

30 Forecast )
. | 215GWp
1
| 140GWp
1 11 o
e m m m N l I I l mn B I I I _J

20002001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

o

w

o

M Installed PV capacity p.a. M Business as usual = 10% CAGR W 200 GW by 2030 = 21% CAGR © GTAl 9
Source: GTAI analysis



Expansion of the Electricity Grid in Germany
An enormous expansion of the high voltage grid system is required

by 2035

Grid Expansion Distance in Km.

AC-New Construction 450
DC-New Construction 2,150
DC-Interconnections 250
AC-Interconnections 50
AC-Grid Reinforcement 3450

Total 6,650

Expansion and Reinforcement

Onshore grid estimated investment:
Total 72,5 bn €

- DC Network Expansion 13.9bn €
- AC Network Expansion 20 bn €

- Reinforcement (current DC and AC lines 38.7bn €
Offshore grid estimated investment:

Total 33bn €

Note: Data is based on the German Network Development Plan 2021-2035. Scenario A 2035 Fossil: 61,2 GW Renewable 233,4 GW / Offshore transmission capacity 28 GW.

The plan is re-evaluated and updated every two years, next update in 2021. Source: BNetzA April 2022
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Record Growth in Heat Pump Sales

250,000 -

B Air-water heat pump M Ground source heat pump

200,000 -

150,000 -

Record sales in 2022

(+53% compared to
previous year)

100,000 -

0 -

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: BWP 2023 © GTAI 11



Major Transformation of the German Energy
Market

2037*

Million
Heat pumps

GW installed battery storage™*
2037*

2037

Million Million

Electric Vehicles EV Charging Stations

Source: EEG 2021, BNetzA, 2022* Prognosis Scenario B Network Development Plan, **PV & industrial battery storage systems. Graph: GTAI © GTAI 12



Development of Renewable Energy Curtailment
Long-term energy storage technologies are needed

Disconnected energy for grid stabilization and compensation Redispatch development and compensation
2013-2019 2013-2021
25,000 25,000
20,000 20,000
15,000 15,000
10,000 10,000
5,000 5,000
0 0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2013 2014 2015 2016 2017 2018 2019 2020 2021
B GWh Mio. € B GWh Mio. €

German Federal Network Agency, Monitoring reports 2011-2022. © GTAI 13



Example: Energiepark Mainz
Power-to-gas plant with PEM electrolysis

Key Parameters

* 6.3 MWel (3 stacks, each 2.1 MW)

e Hydrogen production: 200 tons/a
e Start of construction: October2012
e Start of operation: December 2016

e Partners: Stadtwerke Mainz, Linde, Siemens, Hochschule RheinMain

* Local grid integration by storing fluctuating renewable power

e Provision of ancillary services in the electricity grid (including negative
control reserve)

e Intelligent and efficient hydrogen conditioning, storage, smart
management structure

© GTAI 14

Source: Energiepark Mainz



Germany'’s National Hydrogen Strategy

Make hydrogen competitive

2019: ——~—"" 3 June, 2020:
Stakeholder - Coalition decision
® dialogue on National on stimulus package,

Hydrogen Strategy :__:__ incl. €9 billion
across ministries 1 —! for hydrogen
T >

10 June, 2020:
Cabinet adopts

; 2019:
o Stakeholder dialogue

“Gas 2030” run by Federal | National
Ministry for Economic A Hydrogen
Affairs and Energy | Strategy

Source: Guidehouse 2020 based on BMWK 2020 © GTAl 15
Pictures: BMWK/BILDKRAFTWERK & BMWK/Andreas Mertens



Domestic Hydrogen Market and Import
Demand

Hydrogen (H,) volumes foreseen for 2030

Import demand
2030:

up to 82 TWh H2,

E—— ~ 45 TWh green H2
+ o -
55 TWh 90-110 TWh 10 GW 28 TWh

Germany’s H, demand Green H, production Green H, domestic

H, demand 2020 expected 2030 capacities planned for production 2030

Germany by 2030

Source: Guidehouse 2020 based on BReg 2020 & BMWK 2020 © GTAI 16



Hydrogen Demand in Various Sectors

165
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» Chemicals « Steel + Mobility = Refinery-NG-H, Grey H,
© GTAI 17

Source: German National Hydrogen Council



Green Steel Production
Green hydrogen can reduce CO, emissions by 97%

P 0.1tCo 1.4t CO, 0.2t CO,
£ Oxygen 1 Steel scrap
Iron ore belletise 1.7 t CO, per
=T — F = tonnecrude
ﬁ . > steel
Coking plant
Coal Blast furnace Pigiron Converter Crude steel
—Low-carbon technology: Direct reduction
Ea,__z Oxygen 11 Steel scrap
L=
Iron ore = o “1 ’/ _ 0.05-0.5t
& — L@ — — _ — If/ = €O, per tonne
Ho | | and/or crude steel
Green hydrogen Natural gas Shaft furnace Sponge iron Electric arc furnace  Crude steel

Source: Guidehouse 2021 based on BMU 2021 & Agora Energiewende & Wuppertal Institut 2019; Icons by flaticon.com
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New Hydrogen Infrastructure
A pipeline network to supply the German industry

H, starter network 2030

* The NG infrastructure will be repurposed for
hydrogen transport in connection with the
European hydrogen backbone

e Storage capacity and 2 H2 pipeline networks
already exist and will be further developed

* H2-ready LNG terminals are being built to import
gas and H2 from overseas

© GTAI 19
Source: BMWK 2021, FNB Gas 2021, Chemical Parks in Germany (qtai.de) 2022



https://www.gtai.de/gtai-en/invest/industries/industrial-production/chemicals-materials/chemical-parks-in-germany

Levelised cost of hydrogen imports to
Wilhelmshaven by 2030

EURMz H,

6

Pipeline would be the cheapest import
route if it was built by 2030, howeves,
Aurora doesn't expect a fully

5
dencioped pipriine detimark by 200 — !
4 / 'E’ - -

L ] ..

Despite conditioning and
transport costs, imports
can be cheaper than
domestically produced
renewable H2 in Germany

Spain Morocco Spain Morocco by 2030
=~ St .1 =l -l ) )
45" new ppeline 48" new pipeline Liquid H, Liquid H, Ammonia Ammonia Ammonia

Ml Production  Conditioning Il Transport Il Recondiioning 1 German renewable H; LOOH ange”
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ContaCt US GITI‘l '(f;;:l’;ﬂEA;IYNVEST

Germany Trade & Invest is the economic development agency of the Federal Republic of Germany.
The company helps create and secure extra employment opportunities, strengthening Germany as
a business location. With more than 50 offices in Germany and abroad and its network of partners
throughout the world, Germany Trade & Invest supports German companies setting up in foreign
markets, promotes Germany as a business location and assists foreign companies setting up in
Germany.

Contact
Heiko Staubitz FriedrichstraRe 60
+49 (0)30 200 099-226 10117 Berlin

‘- h heiko.staubitz@gtai.com www.gtai.com

Supported by the Federal Ministry for Economic Affairs and Energy
on the basis of a decision by the German Bundestag.
© Germany Trade & Invest

All market data provided is based on the most current market information available at the time of publication. © GTAI 21
Germany Trade & Invest accepts no liability for the actuality, accuracy, or completeness of the information provided.
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