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The Energiewende challenge @

Federal German climate action target 2050:

Industry . Housing / Trade&commerce

,Greenhouse gas neutrality by 2050 to the widest ¢

possible extent". i '

By 2050 virtually only manufacturing industry and -

agriculture may emit any greenhouse gases.
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The Energiewende challenge

European obligation for 2050 GHG policy:
-80% GHG emission reduction no longer viable
Instead -95% are earmarked on average

Measures for compensating non-avoidable
(= residual) GHG emissions:

Virtual zero GHG emissions for power sector, industry and
mobility and

Negative GHG emissions by e.g. LULUC and CCS
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Hydrogen for ... mobility: not only cars and buses C‘

Wide fuel cell applications to make full use of ...

... efficient hydrogen infrastructure roll-out (heavy-duty, fleet operations) ... and fuel cell cost reduction from large series (mass markets)

Source: @
CAETANOBUS

@ "
. A
http://caetanobus.pt/pt/'vem-ai-o-fuel- https:/Mww.pv-  anGie
cell-bus/ magazine.com/201Y/
10/11/hydrogen-
Toyota Sora, 2020 > 100 FC-buses in Tokyo, 200 km range powered_mining-
Coradia LINT 54, new design___ trucks-are-coming/

Hydrogen powered mine truck

Source: Alstom

Source: Holbach (E4shi
project ELEKTRA) :

-battery hybrid ship
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Hydrogen for ... mobility: not only cars and buses C‘

Multiple arguments for the introduction of fuel cells in mobility:

City buses: Zero CO,-, pollutant and noise emissions in inner-city traffic
BUT (all shrinking): competition with battery only, costs of buses, missing hydrogen , habituation”

Inland water transport: long product life-cycles and pollution control along major shipping routes, product
innovation
BUT: challenges for costs3, bunkering and missing EU wide regulation, ...

Heavy-duty trucks: EU regulation to control CO,-footprint and local pollutants, lacking competitive options
BUT: missing infrastructure, imbalance of worldwide vs EU truck manufacturer ambition, missing federal
regulation & incentives, ...

Rail transport: Flexible drive systems for non-electrified rail sections, high efficiency, beneficial for energy system
BUT: strong competition with battery only, missing hydrogen , habituation”, non-unified EU-wide regulation, ...
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Hydrogen for ... industry and households @

Wide fuel cell applications starting from today’s business:

. : . : : ke
— Refinery industry: In transition from chemical base material = PtL > hydrogen- £ %%
— Steel industry: Hydrogen as only direct reduction agent to replace coke at large - \-%mﬁ" Y
— Chemical industry: blue hydrogen from NG or with CCS as transition option ¢ 55 Sy
— Households&industry: highly efficient co-, tri- or quattrogeneration of electrigitfs \5 = \‘“”7 29
LT-heat, refrigeration and fire protection using existing gas infrastructure 2 M " ez
| Koy 1 oy
SN W e
o }“ o = g
, f’ s (NI g
https://www.n2telligence.com/ 3 ‘*‘é"“: SN Pty

Hydrogen in German industry at large scale todayJ
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Hydrogen for ... industry and households

Three examples of three emerging national green hydrogen strategies:

— Germany: Strong drivers in wind-rich northern Germany, but considerations for
replacing coal also in Northrhine-Westfalia and Sachsen Anhalt, ...

— Netherlands: NG supply dilemma has provoked solid national hydrogen strategy

— Austria: Integrated & intersectoral approach (from production to end-use)

Hydrogen strategies in the Netherlands, Austria
and Northrhine Westfalia
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Source: https://ec.europa.eu/info/sites/info/files/dutch _ministry -

hydrogen market in _the netherlands.pdf
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Hydrogen for ... energy transport vector

Large variety of options to migrate from NG today to hydrogen by 2050:

— Admixture to NG grid in growing quantities, BUT limited to distribution grids

— Transition strategy development from NG (or coal) based production to fully renewable
production (on-/offshore)

— Conversion of grid sections to 100% hydrogen operation, BUT how to integrate biomethane?

— Technology mix of gas vs heat distribution open development issue for “last meter”
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Source: World Energy Council-NL, 2017; NIB, 2017; Gasunie, 2018 J
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Member State

Reallabore der
Energiewende

MECKLENBURG-
VORPOMMERN

Hydrogen for ... energy transport vector

BE RIN

BRANDENBURG

Strong interest in CO,-free gas infrastructure by 2050 also
at EU level, with initiatives focusing on central & western EU |

-------- Biomethan‘e -------------
:  EU-other MS (PtCH,) Non-EU
Methane Gas Natural Gas Hydrogen
................... LG T i e S n
4 e @ Hydrogen N
028 transfer importterminal | | Underround @ DSO — admixture x vol%
{ 3 (:) TSO - separated grid =25 9pen Grid urope
Electricity
e (3 DSO/TSO - 100%
L (@) TS0 - dedicated import
Z @ 7 -~
22a . BADEN-WURTTEMBERG
050 Grid ® ] Biomethane
Biometh ¥ 5
( )“"C“" Distrib;lti:ngrid 2'“,:?"3::;:3: Flactrolyser @ DSO - decentral
@ W0 admixture
! ¥ Elactricity @ TSO - central, imported
End-user End-user
w/o H, X...X+... VOI% Hj
containing methane containing containing natural e —
gas (EASEE specs) biomethane gas / hydrogen mix gas flow direction

17.0ctober 2019 © Ludwig-Bolkow-Systemtechnik GmbH LBST.de J



b
Outlook (‘

Systems level impact of hydrogen as energy carrier increasingly being understood
(Energiewende):

— seasonal & large scale energy storage & transport with high share of renewable electricity

— Sectoral integration across energy carriers and end-use applications

— BUT: Strong growth of renewable energy demand growth only partially understood, and public communication to be improved

Cars will be but one future application for fuel cells and hydrogen:

— heavy duty fuel cell applications now in focus for economic reasons (infrastructure utilization), yet best economic benchmark achievable with cars

— achieving cost goals in some sectors (trucks) will accelerate growth of H2 & FC markets in others, but development to happen in parallel

Energy centered regional diversification to become stronger (gas infrastructure to play crucial role):

— EU wide: framework development for developing hydrogen’s contribution role to greening gas & in coherence with power grid

— balance of domestic versus imported hydrogen energy shares (i.e. role of PiL vs PtG) to emerge ”
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