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Electrolysis technologies reach or even exceed literature “giif
expectations

Efficiency comparison electrolysis
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All'in all 31 Projects and 12 publications were summarized.
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Values for AEL and PEMEL refer to the higher heating value (HHV), values for HTEL to the lower one (LHV).



Clear trend towards PEMEL and HTEL can be N /]
recognized

Installed capacity of demonstration plants
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= Shift from AEL to PEMEL in the last years
» Wide range of nominal capacity covered
» HTEL still small compared to AEL and PEMEL
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Flexibility and cold or warm start of electrolysis is on
track or even better than expected

Load gradient
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= Activation within one minute for warm starts and within 20min for demonstration plants
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Source: [8], [26],[41], [43-47], [51], [58], [64], [69], [72], [74]-[76]
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Specific investments for electrolysis can only be taken
from literature and are spread over a wide range

Specific investment expenditures(electrolysis only)
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» No data for demonstration plants

» Several projections and wide spread of

expectations for current specific

investment expenditures

» Clear decline of specific investment
expenditures projected for the future
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Source: [5],[6], [16], [41]-[45], [77]-[79]
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Production rate of methanation facilities spreads overa “Jif
wide range, best efficiency nearly reaches maximum

Efficiency comparison methanation CH, production rate
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* Methanation is not as efficient as expected
* Only few project data found for efficiency as most data refers to whole PtG process
+ Waste heat of methanation process can further be used to increase efficiency
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Specific investments for methanation can only be taken g
from literature and are spread over a wide range

Specific investment expenditures
(methanation only)
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Projections of specific investment
expenditures (methanation only)
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» Specific investment is expected to
reduce in the future.

= However, large differences can be found.
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Power-to-methane pilot plants seem to be more efficient g
than expected in literature

Efficiency of whole power-to-methane chain

80% °
75% . .

» Demonstration plants are in the same
70% range as literature expectations (or even
65% slightly better)
60% = Approximately 55% efficiency for the full
55% s process are reached on average
50% : » Further efficiency gains are possible by
45% ! using waste heat of methanation for the

electrolysis

/ Literature Projects

Technical status quo and flexibility of electrolysis and methanation | S. Milanzi, B. Grosse | Strommarkttreffen, Berlin —QD)
| <
Page 9 Source: [6], [13], [15], [16], [80], [82]-[88], [90], [92]-[96], [99] 29.06.2018 w



L]

All in all, expectations on P2G seem to correspond to
actual plants; future developments are unclear

= Efficiency is already high for whole
power-to-methane chain.

» Further efficiency gains are projected
only for electrolysis which lead to values
close to the theoretical maximum.

» Flexibility of process already fits to
fluctuations of renewable energies and
will be further developed.

» The development of specific investments
remains unclear and is dependent on
further development and installed
capacities (learning curves). In the
literature clear cost declines are
projected.
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Further research might reduce costs,
however, due to high efficiencies of
today, especially economies of scale are
relevant.

Future analysis should consider power-
to-gas more in detail and analyze the
Lurning” point of the technology, as it
might kick in sooner then expected.

This should not imply the need for a new
remuneration scheme for P2G similar to
the EEG, as further research need to be
done beforehand.

Further analysis is needed and a
regularly update is recommended on:

— Characteristic parameters (efficiency)
— Costs (as unclear today)
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