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LBST - Ludwig-Bolkow-Systemtechnik GmbH @

Profile

Independent expert for sustainable energy
and mobility for over 30 years

Bridging technology, markets, and policy
Renewable energies, fuels, infrastructure

Technology-based strategy consulting,
System and technology studies,
Sustainability assessment

Global and long term perspective
Rigorous system approach — thinking outside the box
Serving international clients in industry, finance, politics, NGOs

References
Hydrogen Council — H, Decarbonization Pathways
World Energy Council (Germany) — International Hydrogen Strategies
\éﬁCertiny — European H, guarantees of origin system
Numerous PtX studies for industry, politics, and associations
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2020 has seen PtX announcements totalling gigawatts ' b

Locations/regions of major PtX projects announced in 2020
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S 77 ° ® ~35 PtX announcements with 50-200 MW each
7 11 PtX plants with 1-10 MW @ >10 PtX announcements with >250 MW each
A & il each in operation DE 2020
\ - ~30 MW installed since 2015
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Power-to-gas (PtH,, PtCH,) in Germany

— Taking-off in 2019 and further accelerating since
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Development of PtG plant capacity in Germany in 2019

2 ~50 MWel

PtG plants in operation/in planning
January 2019
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December 2019
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>1000 MW announced?

Discussions have broadened up
over the past ten years:

15t wave — Power-to-methane

2" wave — Power-to-hydrogen

3rd wave — Power-to-X (incl. liquids)
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Fhree Four drivers for PtX development @

Climate change policies start shaping the economy

Renewable power has become a low-cost option in many parts of the world
Opportunities from technology innovation, industry transformation and sector integration
COVID 19 green recovery funds e

The next years will be decisive for mainstreaming PtX through regulatory frameworks
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96 countries analysed 2020: Hydrogen activities are well spread around
the globe. Major interest in Europe, Asia & Pacific, and the Americas

National hydrogen

31 Europe ° strategy available

Asia National hydrogen

11 & the Pacific ' '
strategy in preparation

6 South America Support for pilot and
& the Caribbean demonstration projects

5 Middle East No. of counries 17 Initial policy discussions
& Africa analyzed policy
3 North Norel o
America o relevant activities
August 2020, World Energy Council, LEST
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Reference: International Hydrogen Strategies; LBST expertise for the World Energy Council (WEC) Germany, September 2020
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International status of hydrogen activities of national governments

von Bing

Uzt
Automated Stitching, Navinfo, Navteq Wikipadia

Just three strategies
until early 2019

(JP, FR, KR)
Most strategies since |
late 2019 (AU, NL, § WORLD k- | o
NO, DE, EU, ES) ? COUNCIL National hydrogen strategy available Initial policy discussions |
E L:“\CE:JPUC';WT\ National hydrogen strategy in preparation No relevant activities .
4 Status: August 2020 Support for pilot and demonstration projects Not assessed
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Reference: International Hydrogen Strategies; LBST expertise for the World Energy Council (WEC) Germany, September 2020



Many national H, strategies are motived by emissions reduction, (‘b
innovation and business opportunities, and renewables integration

EU cumulative market >40 G€ for green

Strategic goals H, production equipment until 2030
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Reduce emissions

oversty enegy sty [

Foster economic > EU, DE, NL, FR, NO, JP, KR, CH, AU, CA, MO ES, UK, CH,UA, RU
growth

> EU DE, NL, FR, ES, UK, NO, CH, JP, CN, CA, MO IT, UA, RU KR, AU

X X%

-@)- Support national ’ EU, DE, NL, FR, UK, NO, RU, JP, KR, CN, AU, CA, MO ES, CH, UA
= technology develop.
E-:i Integration of > EU,DE, NL, FR, ES, UK, UA,RU, JP, CN, CA, MO IT, NO, CH, KR, AU
renewables
» Develop hydrogen for > ES.UA RU. AU. MO
export
Bl mair goal less relevant not addressed all strategies
8
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Reference: International Hydrogen Strategies; LBST expertise for the World Energy Council (WEC) Germany, September 2020



Expected annual hydrogen consumption (TWh,, per year) @

max. min.
AN TWh,.,/a
AU *3 @& 11 @ 27 2 131 261
(L
NO Sl ®7 @38
. . Ca = ® 14 143
Scaling demand expectations — .
for 2050 indicates a global H, Mo 15 119
potential of up to 9000 TWh* | — 515
Initial applications focus on the
niti
PP : FR I I 33 41
transport & industry sectors
Countries with high energy pe HE & . 110 . 380
demand opt for H, imports KR i@ 17 65 175
e.g. KR, JP S22
g ) UK ,,3'5 & 19 270
2020 2030 2040 2050
9
* Subject to a range of sensitive assumptions; for comparison: the Hydrogen Council’s “Scaling Up” report (2017) indicates 21,800 TWh H, demand in 2050 J
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Reference: International Hydrogen Strategies; LBST expertise for the World Energy Council (WEC) Germany, September 2020



Where does the hydrogen come from? @

Almost all countries take renewable energy sources into account already in the short term

About half of the countries consider fossil with CCS as an option

A few countries consider methane pyrolysis, mostly for bridging

The majority of countries considers renewable sources as the main or even only option in the long term
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I _ ) [ e + ER .

Main hydrogen sources - - I I I I Iﬂ _I_ . _— . .9, - ﬂ — -
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Renewable Faossil based with CCS Methane pyrolysis Fossil*

*In Russia in 2050 mainly based on nuclear power
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Reference: International Hydrogen Strategies; LBST expertise for the World Energy Council (WEC) Germany, September 2020



Technical renewable electricity generation potentials EU @

14000 I Ranges
Potential already exploited 2017*
12000 X
@ Assumption in this study: 14,000 TWh/yr
10000 >4 times today‘s EU-28
._Additional potential electricity demand
of floating offshore
8000 wind power in deep water
6000 —— —

. Additional potential
4000 - —on-other surface

areas Electriciﬂ c:}nsumEti:}n EU-28 in2017: 3,100 TWh

2000 [ Rooftopliacads g
along autobahn & railway

SOT potentials could also

Technical potential renewable electricity (TWh/yr)

Ludwig-Bélkow-Systemtechnik GmbH (LBST), 2019

0 X . X , X | bat N e | % = be realised using PV
Wind onshore Wind offshore Photovoltaics Hydropower Geothermal Ocean Energy Solarthermal 1
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Reference: Trinomics/LBST/E3M, Impact of the use of the biomethane and hydrogen potential on trans-European infrastructure, November 2019



Conclusions (‘b

Wind and solar are about to become the pillars of global primary electricity supply
Power-to-H, and derivatives are considered key enablers for renewable power
integration and sector transformation to achieve a carbon-neutral world

Some questions are timely to debate:

— What support instruments are suited to bridge the economic gap and drive industrialisation?

— Which sustainability requirements and certification are needed to safeguard multiple benefits?
— What is the right level of domestic production versus energy imports?
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* Extending the economic lifetime of fossil-based value chains that would otherwise be decommissioned
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Reference

Hydrogen Council with analytical support from LBST and McKinsey
Hydrogen decarbonization pathways

January 2021 i
Hydrogen W\
decarboniza ‘{
pathways Hydrogen %
Reports piooris st | decarbonization
, pathways | &
Executive summary , (] Eotontalsueely sconaric S

LCA part
Scenario part

Download
https://hydrogencouncil.com/en/hydrogen-decarbonization-pathways/

ounci
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Reference (‘b

World Energy Council (WEC) Germany [ viton  gon
Ludwig-Bolkow-Systemtechnik GmbH (LBST) WREIEEES R
INTERNATIONAL HYDROGEN STRATEGIES
Septem ber 2020 H lw

Report

https://www.weltenergierat.de/wp-content/uploads/2020/10/WEC H2 Strategies finalreport.pdf

Executive summary
https://www.weltenergierat.de/wp-content/uploads/2020/10/WEC H2 Strategies Executive-Summary final.pdf
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https://www.weltenergierat.de/wp-content/uploads/2020/10/WEC_H2_Strategies_finalreport.pdf
https://www.weltenergierat.de/wp-content/uploads/2020/10/WEC_H2_Strategies_Executive-Summary_final.pdf

Reference

PtX database

LBST information tool
10 years of collected experience

8 March 2021

LBST_PtX_
1]

project name

9 H2 Herten - 2

67 Jupiter 1000

88 Hypos LocalHY

97 Store&Go-Puglia

104 HyBalance

112 Windgas Haurup (NEW 4.0)
1

AYBRIIHydrogen
157 Ducalitbuniioh boonosalina
16

170 ALIGN-CCUSWP4

Database
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continent country

start of H2- end date
production  operation or
(planned) _ end funding

project start
date

type of electrolyser

status electrolysls manufacturer

Involved companys (project) website

in operation Apr-18 Apr-18 Dec-18 Asahi Kasei htpi/wasserstoffstad-herten de/ AEL Asahi Kasel
in operation Jul-14 Jun-19 Dec-19 v 0o OO, © | IpSWWWUpITerfOedengh xp) | pey McPhy

o
R
N
o D
EU DK
EU DE

18

-
o

-
E=S

l

| |
L

-
N
|

13 Anlagen in Betrieb

—_

o
[
s
]
2
H
&

E

|
I I
- 29
-
s

Installierte Elektrolyseleistung in MWel

o N S~ o0
I

nnnnnnnnnn

I N | I 5

PtH2  PtCH4 PiL PtH2
in Betrieb 2014 ¥te .

| 4 - ‘ Desten P Reilou
Statistical evaluations - - 2 2

Ui
» L ko (‘/, ludwig bélkow
\ systemtechnik

Q S Wikisers B (¢) Ludwig-Bolkow-Systemtechnik Dezember 2019
oy 'S
§ 4 0
............. 2
a
e
B r
OO B a5 pr2crate eneraion
2 KBy aar 4 Powe
¢
.
°

Map visualisations

LBST.de

16



