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Power-to-X — From test and demonstration to reality in DK

Poul Skjeerbaek, Chief Innovation & Product Officer, Siemens Gamesa RE

Conference: Danmark som testland i den grgnne omstilling, 25.09.2020
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Denmarks share of the installed offshore wind fleet dropped from 70% to <10% in 15 years...
It is a great export story as ~70% of global offshore turbines come from SGRE or MHI-Vestas
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Source: WoodMackenzie: Offshore Project Database, 2019; GWEC OF Wind Report 2020, Mortensen, 2018 — DK Roots means Danish-based companies, Bonus, Siemens SGRE, Vestas,
MHI-Vestas. Note: Wind Industry export and employment numbers are based on both onshore and offshore wind turbines.
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However, as has also been the case in the onshore wind market, the chinese installation
rates will soon overtake Europe and make it hard to maintain dominance in Offshore wind
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Mote: 2020 number is the GWEC forecast. Source: GWEC, 2007, p. 8, GWEC, 2017, p. 18,23

Source: IHS Markit @ 2019 IHS Markit

Sources: Mortensen, The valuation History of Danish Wind Power, 2018, p. 395 IHS, Global Offshore Wind Market Briefing, 2019, 59,
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But Denmark can become the frontrunner in the new PtX markets emerging on the horizon
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IEA 2019 Forecast: Global Cumulative Installations OF Wind (GW)
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Sources: Forecast is from IEA, Offshore wind Outlook, p. 27: The "Stated Policies Scenario” is used. For 2030 and 2040;
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The Danish offshore wind advantage was not born in a lab — It was made from early
projects in the field setting the standards for the world to follow
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Note: There are a few other small danish offshore projects not included in this overview: Frederikshavn (7 MW, 2003), Sprogg (21 MW, 2009).



Pictures from the pioneering days when offshore installation was done for the first time.

Middelgrunden
(40 MW - 2000)

Vindeby Ragdsand 2
(5 MW - 1991) (207 MW - 2010)

Picture Credits: Vindeby: Bonus, Middelgrund & Rgdsand 2: SGRE
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Offshore Wind is key — There are three ways to go from electron to molecule.

Scenario I: Offshore kKWh plant (as-is)
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Scenario Il: Offshore H, plant
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H, — Hydrogen (Pipeline incl. auxiliary power

Scenario lll: Offshore H, WTG
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Siemens Gamesa wind turbine pilot targets
'‘cheapest green hydrogen'
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SGRE has started the construction of the first pilot plant in Brande —
A 0.4 MW Electrolyzer will be connected to a 3 MW Onshore DD wind turbine

BloombergNEF

Wind Turbine Behemoth Plans for
Future by Getting Into Hydrogen

Brande Brint
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Wind Turbine Behemoth Plans for Future by Getting Into Hydrogen
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The site preparation is progressing as planned with offtake agreement for the
hydrogen signed this month — Plan to start operations at the site by end of 2020.

S

Transforr Station (week36) Offtake agreement (week37) Electrolyzer and Buffer Tank (Week 38)
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With the offgrid solution we can solve the challenge of grid congestion — But tariffs hold
back H2 innovations — Moving power 100 meters at our site costs us ~10 gre/kWh in tariffs.

Taxes

WTG Tariffs
Balance Tariff

System Tariff

4.4 @re | KWh
Power
25 Orel/ KWh
Net Tariff
5,3 @re /| KWh

Raw Power Price: 25 gre / kWh (3.3 €c / kWh) End-Price: 35 gre / kWh (4.7 €c / kWh)

100 meters
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Conclusion: Offshore wind coupled to hydrogen can decarbonize ‘hard-to-abate sectors’ but
grid tariffs hinder the innovative first projects to take off.

New market regulation is urgently needed to enable this key block in the green transition.

» Denmark is a leader in offshore wind, because of the first large projects.

» Rambgll, DNV-GL, COWI are global go-to companies within offshore wind.

» Power-to-X could turn DBI, DHI, Force etc. into tomorrows Rambgll for PtX.

» Innovation in value chain set-up is urgently needed.
= Reduced tariffs for PtX conversion.
= Flexible test set-up through lean approval processes
» Safety standards to ensure safe large-scale hydrogen production.
» Hydrogen Infrastructure to enable cost-efficient storage.

» Denmark again has the opportunity to set the global standard — Let’s seize it!
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