


>> Electrolyser capital cost and

efficiency trade-offs

However, this method doesn’t come
without its trade-offs. When operating
an electrolyser continuously at

full load, efficiency is of primary
importance for technology selection.
A small improvement in the amount
of hydrogen produced per megawatt
hour of electricity consumed will
comfortably pay for the additional
capital cost of a more efficient
electrolyser. In these high utilisation
green hydrogen schemes, solid oxide
electrolysers or advanced alkaline
electrolysers may be favoured.

On the other hand, intentionally
intermittent operation of an
electrolyser drives down utilisation
because it is idle for a portion of the
time. Low utilisation puts pressure

on minimising capital. Also, since
the electrolyser is not operating for
so many hours, its efficiency plays a
smaller role in the economic viability
of such a scheme. With intermittent

operation, low electrolyser capex
becomes more important than
high efficiency when considering
technology selection.

In many green hydrogen schemes,
pressurised alkaline electrolysers
are selected due to their availability,
technical maturity and low capital
cost. A limitation of these electrolysers
is that hydrogen begins to cross over
the membrane to the oxygen side at
low loads.

This generally limits their safe
operating range from 30% to 100%
of nominal power consumption.

However, at 30% power consumption,

their hydrogen production efficiency
can be cut in half. In the ideal case,
pressurised alkaline electrolysers
like to be turned on, ramped up and
left alone.

The key attribute of an electrolyser
to exploit the concept of intentionally
intermittent operation is hyper-
flexibility. Hyper-flexibility means
that an electrolyser can turn on and
off rapidly, and can turn down to
consume almost zero power.

In the future, anion exchange
membrane electrolysers may be
ideal for intermittent operation.

The decoupled water electrolysis
technology in development by H2Pro
and Hysata’s bubble-free electrolyser
may also be well placed. However,
none of these options is currently
considered to be ‘bankable’ for a
large-scale green hydrogen project.

PEM electrolysers are the best
fit for intentionally intermittent
operation today. PEM electrolysers
can be more tolerant of rapid
ramping and daily idle periods
associated with intentionally
intermittent operation.

The capital cost of a PEM
electrolyser stack can be up
to twice that of a pressurised
alkaline electrolyser stack sourced
from China. However, this cost
differential is progressively being
eroded as PEM technologies mature
and manufacturing scales up.
Furthermore, when considering the
balance of stack and the total project
costs, the difference in cost between
PEM and pressurised alkaline stacks
becomes less significant.
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Balancing hydrogen supply

and demand

Balancing intermittent hydrogen
production with the demand profile of
end users requires hydrogen storage.
The build out of hydrogen pipelines
with integrated underground storage
capacity will serve the dual purpose
of connecting suppliers with offtakers
and be a hydrogen storage buffer.

The European Hydrogen Backbone
concept includes pipelines to transport
hydrogen in addition to high-capacity
underground storage. In northern
Germany and the Netherlands, salt
cavern storage is proposed. Where
the geological conditions make this
possible, it offers the lowest levelised
cost of storage.

In southern Europe and the Nordics,
the option to use salt cavern storage
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does not exist. Here, lined rock
caverns are likely to be the most
cost-effective high-capacity hydrogen
storage mechanism.

Enabling hydrogen derivatives

The main capital cost of a green
hydrogen scheme will be the
electrolyser itself. When producing
hydrogen derivatives such as
ammonia, e-methanol, or e-SAF, the
capital cost of the project must include
the downstream chemical synthesis
and processing equipment.

With more capital invested, the
pressure to achieve high utilisation
increases. Additionally, the chemical
synthesis units prefer stable operation
close to their nominal design point to
maintain product purity and process
efficiency. Balancing intermittent

hydrogen production with continuous
downstream operation can be achieved
using hydrogen storage. However,
this further increases the capital
commitment of the scheme.

It is most likely that intentionally
intermittent green hydrogen
projects will not include downstream
production of hydrogen derivatives
on-site. However, when their green
hydrogen is fed to a pipeline with
integrated hydrogen storage, the
economics of producing hydrogen
derivatives from the stable pipeline
hydrogen supply are highly favourable.

This is especially beneficial when
multiple green hydrogen production
schemes feed into a pipeline where a
very large ammonia or e-fuels plant
can be connected, thereby benefiting
from economies of scale. |
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- Electrolyser efficiency: conversion of power to hydrogen (kWh/kg Hz)
« Electricity price: cost to purchase a unit of electricity (€/kWh)
- Electrolyser opex: incremental cash cost of hydrogen production (€/kg Hz)

- Electrolyser capex: the initial capital investment in the electrolyser system (€)

- Levelised Cost of Hydrogen (LCoH): the unit cost of hydrogen levelized over the operating period considering capital cost,

depreciation over the operating period (eg 20 years) at the project capital depreciation rate (eg

nd the operating cost (€/kg H-)

« Other operating costs such as labour and maintenance are incurred, but these are secondary to the cost of electricity




