ELYAOFF

PEM ELECTROLYSERS FOR OPERATION WITH
OFFGRID RENEWABLE INSTALLATIONS

Indicators and test definition

Deliverable 2.5
GRANT AGREEMENT
700359 2 FCH §
% &

4y N
) 3
"0 hyppggen S

- @
(+) ITM POWER 1, Inycom
Energy Storage | Clean Fuel SEhinAeLe o U moms
| X ARAGON

nnovation technologies

T
Qv epic power




D2.5 Indicators and test definition 31/05/2017

D2.5 Indicators and test definition

Grant agreement Fuel Cells and Hydrogen 2 Joint Undertaking

Project no. 700359

PEM ElectroLYsers FOR operation with OFFgrid

Project full title .
J renewable facilities

Project acronym ELY4OFF

Deliverable no. 25

Title of deliverable Indicators and test definition
Contractual date of delivery M14 (May 2017)

Actual date of delivery M14 (May 2017)

Author(s) Pedro Casero (FHA), Lorién Gracia (FHA)

Nick van Dijk (ITM), Logan Lépez (EPIC), Rubén

Participant(s) Galvez (EPIC)

Work Package contributing to

the deliverable (WPx) Wp2

Dissemination level (PU/CO/CI) | PU

Type (R/DEM/DEC/OTHER) R
Version 1
Total number of pages 27

This document reflects only the author’s view and the JU is not responsible for any
use that may be made of the information it contains.

ELY4OFF 2




D2.5 Indicators and test definition 31/05/2017

Executive summary

The report is one of the deliverables foreseen in the ELY4OFF project. It is part of the
Work Package 2, whose aim to provide a clear definition of technical, regulatory and
safety aspects for an electrolysis system as a solution for completely off-grid areas in
stand-alone operation.

The content presented in this report is based on a previous work presented in D2.4
“Objectives at system and subsystem level’ (published in October 2017 and available
in the project’'s website) where the consortium defined a set of objectives to be met
by the system to be developed and commissioning.

The report is composed of three sections. One covers a discussion on the main
indicators of the project, developing in more extent the targets identified in the
proposal and giving explanations about their meaning and their relationship with the
operational indicators that has to be communicated to the FCH JU within the annual
exercise. As a summary, it can be said that essentially after 14 months of progress in
the project, there are no relevant changes with respect to the targets presented in
the proposal.

Another section presents the ex-situ tests that two of the partners of the project have
scheduled to perform to their respective supplies.

The power electronics (PE) developed by EPIC to directly couple the PEMWE to the
photovoltaic will be tested to verify the following parameters: input and output
voltage, efficiency, operating temperature, storage temperature, control capabilities,
stand-by consumption, and communication.

The PEMWE is supplied by ITM and the testing procedures of the Membrane
Electrode Assembly (MEA) consist of the following: MEA hydration, water analysis,
measurement of Polarisation Curves (gives insights into both the membrane
resistance and the catalytic activity), measurement of Hydrogen Crossover through
an MEA, steady-state operation durability, and Accelerated Stress Test (where 1000
On/Off Cycles offers information of the stability of the cathode catalyst). After the
execution of these procedures, a characterisation assessment is performed to the
MEA; thickness analysis, lon-exchange Capacity Measurement, and Post-operation
Analysis of MEA Contaminants.

In the final section, a preliminary identification of the kind of tests to run during the
demonstrative period in the demo-site (FHA facilities located in Huesca) is presented.
The demonstrative period is the Working Package 5 and it is foreseen from August
2018 until end of project, in March 2019.
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1. Compliance with the objectives

This chapter develops in more extent the ELY4OFF targets for 2018 already presented
in the proposal, linking it to the techno-economic objectives listed in D2.4 “Objectives
at system and subsystem level’ (public deliverable), and also the operational
indicators requested for the annual exercise (TRUST platform). The indicators are split
in 6 main categories:

i) Efficiency, lifetime and voltage degradation
i) Capital cost

iii) Stack

iv) Operating conditions

V) Dynamic and flexible operation

Vi) Others
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Efficiency, lifetime and voltage degradation

31/05/2017

i i o I Order |

. 1 Ely4off target I Objectives | 1

Parameter ID Units | 1 I TRUST |

1 (proposal) 1 (D2.4) 1 . 1

: : : Operational :

: System 50 : : :

| Stack 42.4 P<30 |

. KPI 1 kWh/kg | I <42 I 25 I
Efficiency 1 92.5% I I I
I 1 92,5% I 23and 24 |

I at 100% load I I I

KPI_2 kWh/Nnr* | 4 | : |

Stack KPI_3 h } | 60000 | |
lifetime KPI_4 years | 8 i i i
System KPI_5 h : : 160000 : :
lifetime KPI_6 years | 20 | | 4andé6 |
Efficienc %fyear | ' | 20,21and |
y kpL7 oear | 2 | 2 | |
degradation 8000h I | | 22 |
KPI_8 h/year | I 12 I 18 I

Availability = Al ! ! !
KPI_9 % | | | 19 ,

Some discussion on each one of these indicators is provided below:

ID Parameter | Discussion
KPI_1 | Efficiency Targets included in proposal and objectives in D2.4D2.4 are
(kWh/kg) based on values rated by supplier (ITM). Those values refer to
best performance at maximum load, which will be achieved
very briefly as the energy source is solar PV.
There are 3 indicators included in TRUST: 23, 24 and 25
KPI_2 | Efficiency It is the same as 1, with different units
(kWh/Nm?3)
KPI_3 | Stack It has been decided to include the stack lifetime in hours
lifetime (h) instead of years because in an off-grid situation, the unit of
years is not valid as compared with an on-grid situation.
KPI 4 | Stack See previous parameter.
lifetime (y) There is not any direct indicator included in TRUST platform
referred to this one, but there are two that cover somehow this
concept: 4 and 6.
KPI_5 | System Same argument as for n°3 and n°4, hours seems to be a better
lifetime (h) unit for comparison purposes.
KPI_6 | System The same two indicators used for n°4 in TRUST are valid also
lifetime (y) here.
KPI_7 | Efficiency The value is provided by ITM. In TRUST, indicators number 20,
Degradation | 21 and 22 refer to the efficiency degradation in different units.
(%/year 8000h)
KPI_8 | Availability | In D2.4D2.4 a value for this indicator is given by ITM. It refers to
(h/year) the maintenance time expected to be required.
In any case, this concept is quite broad, especially in an off-grid
case with an electrolyser fed with solar PV. This indicator has
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sense when the operating time of the electrolizer (or system) is
referred to the total amount of hours when the solar resource
is available, which is a small fraction of the number of hours in
ayear.

KPI_9

Availability
(%)

Is the same indicator as n° 8 but in other units

As summary, the following indicators included in the operational section of the

TRUST template will be considered:

Order | Name Definition Units
. Total number of hours of operation (excluding
Hours of operation - . ; . .
4 cumulative downtime) over the electrolyser's entire lifetime (until h
the end date of this data collection exercise)
. Total number of days of operation (excluding
Days of operation - . s S .
6 . downtime) over the electrolyser's entire lifetime (until days
cumulative . . )
the end date of this data collection exercise)
Duration of planned Total duration of planned maintenance leading to
18 . b system downtime during the timeframe of this data h/year
maintenance . .
collection exercise
Percent amount of time that the electrolyser was able
19 | Availabilit to operate versus the overall time that it was intended %
y to operate over the timeframe of this data collection
exercise
System efficiency degradation in percentage per 1000
Efficiency h of operation within the timeframe of this data
20 |degradation per collection exercise. If the system has operated for less %ly
1000 h than 1000 h, please extrapolate and indicate the
extrapolation methodology used in the comment field
21 E\?/ghradatlon rate in Measured degradation - in microvoltage loss per hour uV/h
Degradation rate in | Measured degradation - in percentage voltage per o
22 | ohikh 1000 hours %/1000h
Electrical efficiency of the stack(s), higher heating
Stack electrical value value vs. direct current input - as actually
23 | efficiency (observed | measured - average for all stacks - within the %
- HHV - DC current) |timeframe of this data collection exercise. Please
indicate relevant current density in the comment field.
System electrical efficiency, higher heating value vs.
System electrical alternating current input - as actually measured -
24 | efficiency (observed |average within the timeframe of this data collection %
- HHV - AC current) | exercise. Please indicate relevant current density in the
comment field.
Energy consumption .
25 |for hydrogen Energy consumption per kg of hydrogen produced, KWhikg
. excluding compression
production
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Capital cost
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: i o | Order |
) i Ely4offtarget | Objectives i
Parameter ID Units | I i1 TRUST
I (proposal) I (D2.4) I . I
1 I | Operational |
KPI_10 M<€/(t/d) | 6 I 6* I 30 I
CAPEX 1 1 l I
KPI_11 EUR/KW | | 3360" | 28 |
*In D2.4 there was a mistake: it appears a value of 0.1 M€/(t/d), but the right value is 6.
*1n D2.4 there was a mistake: it appears a value of 6000 €/kW but should be 3360
Some discussion on each one of these indicators is provided below:
ID Parameter | Discussion
KPI_10 | CAPEX Targets included in proposal and objectives in D2.4 are based
(M€/(t/d) on values rated by supplier (ITM).
KPI_11 | CAPEX It is the same as 10, but based on the power of the
(eur/kw) electrolyser instead of the production of hydrogen.

As summary, the following indicators included in the operational section of the
TRUST template will be considered.

Order | Name Definition Units
Average price paid for the consumed electricity - or
o8 Prlce/_cc_)st of electricity cost (for elect_rolysers_ coupled to their EURc/KWH
electricity own renewable energy installation), over the
timeframe of this data collection exercise.
oPEX - operatonal | e e e cee
29 |and maintenance yarog put, I 9 1, ’ EUR/kg
running costs, maintenance, repairs. Taxes
costs
excluded.
Cost of the Average cost of the hydrogen produced, including
30 OPEX and CAPEX, over the timeframe of this data EUR/kg
hydrogen produced . .
collection exercise
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| | N | Order |
. y4off targe jectives
Parameter ID Units I i1 TRUST
I (proposal) I (D2.4) I . I
I I | Operational |
Stack size KPI_12 kw : 50 : 498 : :
Stack Nm3/h H; | >13 : 14.2 : |
. KPI_13
capacity kg/d H2 279 16

Some discussion on each one of these indicators is provided below:

ID Parameter | Discussion

KPI_12 | Stacksize | The value refers to the capacity of the stack rated. Is the power
(kw) it can consume under nominal conditions.

KPI_13 | Stack There is one indicator included in TRUST: 16, though in reality it
capacity represents the accumulated H2 production.
(Nm3/h The value included in objectives (D2.4) refers to best

H2 and performance at maximum load and during 24 hours. As the

kg/d) source of energy is solar PV, 24 hours will never be achieved. In
the table below two examples of what is expected in a summer
day and in a winter day is presented.

Kg/d Operating time/d Nm3/h

Best day in summer 5,65 13 4,86
Random day in winter 1,81 5 4,05
0,8

o
)

o
~

H2 produced (Kg
o

1234567 8 9101112131415161718192021222324
@=Best day of production

Thereby, the production hydrogen will vary through the year
from 0 kg to F 6 kg,

As summary, the following indicators included in the operational section of the
TRUST template will be considered:

Order Name Definition Units
Quantity of Total amount of hydrogen produced over the timeframe t
16 ; . .
hydrogen produced of this data collection exercise
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Operating conditions
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| | . | Order |

. i  Ely4offtarget | Objectives i

Parameter ID Units | I i1 TRUST
I (proposal) I (D2.4) I . I

I I | Operational |

Current I I I I

) KPI_14 Alem? | 1 I 1 I I
density : : : :
Output I I I I
KPI_15 bar | 20 i 20 1 1

pressure 1 1 1 1
Operating o 1 1 1 1
KPI_16 (of I 60 I 55 1 I

temperature [ [ [ [

Some discussion on each one of these indicators is provided below:

ID Parameter

Discussion

KPI_14

Current density
(A/em2)

KPI_

KPI_
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