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Market development of electrolysis systems taking system services into account

 Core requirements
*H2 in the power grid

* H2 on/off grid

2023



Core requirements

* Power quality INTO the electrolyser (DC)
* Power quality INTO the grid (harmonics, power factor, connection compliance)
* Match of electrolyser performance with requirements / revenues for ancillary services
* Stack
° BoP
* Balance of costs and benefits
* CAPEX (more filtering, pf compensation etc.)
* OPEX (degradation/lifetime)
* Unknowns?

* Long term degradation/lifetime effects for DC power quality (amplitude, frequency inc. cycling)
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H2 in the power grid

e Short term — flexible demand

Flexibility ~ Howwedoit  Solutions  Reimbursemeni t  Contact

a=>Tenner

Solutions in focus

5 flexibility solutions for
businesses

1. Companies with high electricity demand for the primary ion process (e.g. el
can consider running their process harder or softer.

2. Companies with heat or electricity demand may consider investing in an electric boiler or
industrial heat pump, then buffering heat and using it later.

3. Electricity demand for storage cooling can be well shifted over time.

4. Electricity from the grid or from local, ion, can be P ily stored in a
battery or flywheel.

5. There are also plenty of opportunities outside the industry, such as smart charging of electric
cars.

* Long(er) term - storage
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H2 on/off grid

NortH,

An international consortium enabling the transition
to a sustainable economy by parallel development of
green hydrogen supply, infrastructure and demand.

Green f“‘\\\\= /

hydrogen %

@ Hydrogen storage in
A Large-scale offshore wind energy l;derground salt caverns

A GW-scale electrolysis

A Transport via the hydrogen backbone

A Storage connected to the hydrogen backbone
A Offtakers in hard-to-abate sectors
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H2 on/off grid e.g. FlexH2 Project

FlexH2 Project

FI E ? { @ Flexible Offshore Wind Hydrogen Power Plant Module

dr.ir. ¥in Sun
Shell Global Solution International B.V.
yin.sun@shell.com

— 2023.11.01
a GHOW Initiative
2023



FlexH2 project — hydrogen perspective Flex(
Traditional concept l

Grid connection
Disadvantages -
1. Very high grid connection cost (and increasing) T
2. Issue of grid congestion

3. This is not “green H2" AC Grid

EHV (PCC)

AC filter
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Hydrogen Electrolysis
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Grid-following offshore wind farm Point to Point VSC-HVDC System Grid connection
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Grid-forming offshore wind farm Multi-terminal hybrid HVDC system Grid connection
Reduce Grid Connection Cost e O Ptloﬂei!
: : HV EHV AC Grid I
No congestion issue -
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Project partners

FLEX-H2
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