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Summary

In this final report, the work progress of the sixth reporting period (M31-M39) of HyCoRA project
is summarised. The report summarises also some of the results in M19-M30, reported in
deliverables, D1.2, D2.1, D2.4 and D3.3, and 3" and 4™ periodic reports (D6.5 and D6.6). In
addition, this final report gives an overview of the overall project and its results.

In WP1, measurements with 20 HCOOH in pure H2 have been conducted and very small
performance loss was noted due to HCOOH. This has shown the limit for HCOOH in ISO 14687
could well be relaxed at least with one decade. The effect of FC DLC has been studied with 1
and 2 ppm CO poisoning.

InWP2, a FTIR instrument specifically designed for the purpose of hydrogen fuel quality control
in compliance with the 1SO 14687-2 specification has been designed and tested. Versatile
analysis system with FTIR combined with MS has been designed.

In WP3, the 3™ HRS sampling campaign has been completed and samples analysed in
accordance with the ISO 14687-2. A comparison of the analysis of ten samples was conducted.

In WP4, the HyCoRA risk model for assessing the impacts of hydrogen fuel quality control
measures has been fully documented.

In WP5, the 3 and final, OEM workshop “Hydrogen fuel quality assurance for PEM fuel cells”
has been arranged in June 2017 in Trondheim.

An amendment with a 3-month extension to the project was requested and granted. The
coordinator of the project for the final period has been Jaana Viitakangas (VTT). Otherwise,
the management, WP6, has been conducted as planned.
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1. Objectives of the project for the final period and second half of
the project

The objectives of the months 31-39 of HyCoRA project has been to continue the research
activities with the guidance from the mid-term review and OEMs and finalize the project work
successfully.

2. Work progress and achievements during the 6" period, M31-M39

2.1

Determination of susceptibility of hydrogen contaminants for
automotive applications (WP1)

The work with hydrogen contaminants during the first 30 months of the project has been
summarized in deliverables D1.2, D1.3, D1.4, D6.2, D6.3, D6.4, D6.5 and D6.6. The
performed experiments and development work of each partner in WP 1 is presented in Table

1.

Table 1. Performed measurements by each institute in WP1.

Partner Contaminant  The issue studied / Pt Single cell/ No. of Results
studied and measurement type loading stack / meas. reporte
ppm level at the stack in (or d (in D)
anode system est.)
(mgcm3)
VTT CO (1 ppm) Flow rate, 0.05 single cell ~20 D12
stoichiometry, and
recirculation, D 6.2
current density, CO at
the exit gas
VTT HCOOH constant current 0.25 single cell 2 D 6.3
(5 ppm) tolerance, carbon (PtRu)
balance
VTT HCOOH constant current 0.05 single cell 5 D13
(7.8 ppm) tolerance, carbon
balance
VTT CcoO System test benchand 0.4 SGL 20 cell ~30 D12
(few ppm) GC operation testing demo stack
in system
VTT (6{0) System test bench and un-known  S2 prototype ~45 D 6.2
(fem ppm) GC operation testing stack in
system
VTT CO (1,25 constant current 0.05 S2 6 D1.3
ppm) tolerance production
unit in
system
VTT CO (2 ppm) start and stop 0.05 S2 7 D1.3
production
unit in
system
VTT HCOOH constant current 0.05 S2 5 D1.3
(9.4 ppm) tolerance and with CO production
unit in
system
VTT HCHO constant current 0.05 S2 1 D13
(2.0 ppm) tolerance and with CO production
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unit in

system
VTT CO (1.86 ppm) Internal air bleed / 0.05 S2 D6.4
carbon balance production
unit in
system
VTT CO (1.86 ppm) Internal air bleed / 0.05 single cell D6.4
carbon balance
VTT Reference for ~ Decay without CO 0.05 S2 D 6.5
CO FC-DLC when FC-DLC applied production
(1.86 ppm) unit in
system
VTT CO (1.86 ppm) Reference poisoning 0.05 S2 D 6.5
with 0.6 Acm2 production
unit in
system
VTT HCHO (2.0 Poisoning with 0.6 0.05 S2 D 6.5
ppm) Acm2 production
unit in
system
VTT HCHO (2.0 Poisoning with 0.6 0.05 S2 D 6.6
ppm) Acm-2 production
- stack #2 unit in
system
VTT CO (1.86 ppm) Reference poisoning 0.05 S2 D 6.6
with 0.6 Acm2 production
unit in
system
VTT H2 6.0 Reference with 0.6 0.05 S2 D 6.6
Acm2 production
unit in
system
VTT CO (1.86 ppm) Reference poisoning 0.05 S2 D14
with 0.6 Acm-2 production
unit in
system
VTT HCOOH (20 Poisoning with 0.6 0.05 S2 D14
ppm) Acm2 production
unit in
system
VTT HCOOH (20 Poisoning with 0.6 0.05 S2 D14
ppm) Acm-2 production
repetition unit in
system
VTT CO (1.86 ppm) Reference poisoning 0.05 S2 D14
with 0.6 Acm-2 production
unit in
system
VTT H2 6.0 Reference with 0.6 0.05 S2 D14
Acm-2 production
unit in
system
VTT H2 6.0 Reference poisoning 0.05 S2 D 6.7
with 0.4 Acm=2, SS production (this
unit in report)
system
VTT H2 6.0 FC DLC with 0.4 Acm2 0.05 S2 D 6.7
as average i production (this
report)
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unit in

system
VTT H26.0+2 Poisoning with 0.4 0.05 S2 4 D 6.7
ppm CO Acm=2, SS production (this
unit in report)
system
VTT H26.0+2 FC DLC with 0.4 Acm=2 0.05 S2 2 D 6.7
ppm CO as average i production (this
unit in report)
system
CEA CO (1,2,5 Constant current 0.2 SC 4 D1.3
ppm) tolerance
CEA CO (1,25 FC-DLC (NEDC) 0.2 SC 3 D1.3
ppm)
CEA CO (2 ppm) Constant current 0.3 (ion SC 1 D1.3
tolerance power)
CEA H2S (20 ppb) Constant current 0.05 (ion SC 1 D 6.4
power)
CEA CO SU/SD 0.2 SC 2 D1.3
CEA CO (2-5 ppm)  Constant current 0.2 Stack / ~10 D1.3
system
CEA CO (1-2 ppm)  Constant current 0.05 Powercell ~6 D 6.6
stack in test
station
CEA CO (-2 ppm) FC-DLC (NEDC) 0.05 Powercell ~3 D 6.6
stack in test
station
CEA CO (2 ppm) 1 Alcm? (NEDC), with ~ 0.08 SC 1 D1.4
fresh and aged MEA
(aging with FC-DLC)
CEA CO(1and 2 0.5 A/lcm? 0.05 Powercell 15 D1.4
ppm) stack in test
station
CEA CO(1and?2 FC-DLC 0.05 Powercell 10 D14
ppm) stack in test
station
CEA H2S (250 ppb- 1 A/cm? (NEDC)/FC- 0.08 SC 2 D1.4
1 ppm) DLC
CEA CO (2 ppm) Reference 0.08 SC 1 D1.4
CEA Hz (pure) Reference 0.08 SC 1 D1.4
CEA H2S (250 ppb) 0.5 A/lcm? 0.05 Powercell 5 D1.4
CO 1 ppm stack in test
station
JRC CO (1-10 ppm) System test bench and unknown  SC 5 D12
IMR-MS operation
testing
JRC CO (1-2 ppm)  Flow rate, unknown  SC 5 D 6.3
stoichiometry,
recirculation,
current density, CO at
the exit gas
JRC CO (1-5ppm)  Constant current open  unknown  SC 12 D13

and recirculation
mode.
FC-DLC test
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PC Polarization curves at 0.05 S2 10 cell 3 D 1.3

65, 75and 85 °C stack SN025

PC Polarization curves at 0.05 S2 10 cell 3 D 1.3
65, 75and 85 °C stack SN040

PC Polarization curves at 0.05 S2 10 cell 3 D 1.3
65, 75and 85 °C stack SN043

PC Polarization curves at  0.05 S2 5 cell 3
65, 75and 85 °C stack SN049

PC Polarization curves at 0.05 S2 10 cell 3 D 6.5
65, 75and 85 °C stack SN067

PC Polarization curves at  0.05 S2 5 cell 3
75 °C stack SN138

211 Study of reversible impurities

VTT

During the last period, M31-M39, VTT has completed the studies of the effect of formic acid
(HCOOH) and has measured effect of fuel cell dynamic load cycle (FC-DLC) on CO poisoning.

Similar as for formaldehyde (HCHO) measurements?, VTT purchased formic acid in hydrogen
mixture from NPL, which has enabled fuel cell system level measurements with automotive
fuel utilisation rates (99.5-99.6 %) and corresponding contaminant enrichment factors of 200-
250. Measurements were conducted with 20 ppm HCOOH.

Very low poisoning effect was recorded due to HCOOH, approximately 6 mV, which was even
lower performance loss than with HCHO that was reported approximately 10 mV. The HCOOH
measurements have been reported in D1.42,

As a conclusion from the HCHO and HCOOH measurements, it can be seen that 2.0 ppm
HCHO and 20 ppm HCOOH, which are 200 and 100 times the current limit in ISO 14687:2-
2012 standard respectively, have a very small effect.

1 HyCoRA deliverable D6.6 Interim progress report 4
2 HyCoRA deliverable D1.4 Final report for the third risk assessment workshop
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Figure 1. Fuel cell performance during impurity measurements with 10 ppm HCOOH in pure
H2 (6.0). The measurements with the first cylinder, #1 HCOOH, are shown on the left and
measurements with #2 HCOOH on the right. For readability, all the cell voltages have been
drawn as running average of 20 s.

FC-DLC measurements with 2 ppm CO

The effect of duty cycle on a 10-cell stack cell voltage response under 2 ppm of CO in fuel
was evaluated by comparing the results from reference measurements with pure 6.0 H2 and
a mixture of 2 ppm of CO in 6.0 H2. Both of the gases were used under steady state (SS), 0.4
A/cm?, and modified FC-DLC with and average current density of 0.4 A/cm?. The tests were
also ran on H2 2.5, but these are omitted from the results.

The measurements were conducted with Powercell S2 10-cell stack in VTT’s in house built
miniature automotive system?.

Table 2 shows the voltage drops and durations of each test. The start reference voltage was
recorded at 21 minutes from start-up, where the FC-DLC was at a 0.4 A/cm? step, and the
stack has nearly reached its 80 °C operation temperature.

Figure 2 shows the average cell voltages during the tests, while Figure 3 displays the two load
cycles used.

3 HyCoRA deliverable D1.2 Report on reference measurements and test protocols
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Table 2. Table of the measurements carried to evaluate effect of load cycle on 2 ppm CO

poisoning.
Voltage (mV) Duration
Current Start Stop Drop between
density Load reference reference references
Test ID Gas (Alcm?) cycle (min)
3A H2 6.0 0.4 SS 715 694 21 324.7
20170810
3B H2 6.0 0.4 SS 709 688 21 324.7
20170613
4A H2 6.0 0.4 DLC 710 697 13 324.7
20170628
4B H2 6.0 0.4 DLC 715 699 16 324.7
20170811
5A H2 6.0 + 0.4 SS 716 666 50 113.9
20170616 2 ppm CO
5B H2 6.0 + 0.4 SS 716 666 50 113.2
20170630 2 ppm CO
5C H2 6.0 + 0.4 SS 715 665 50 115.2
20170615 2 ppm CO
5D H2 6.0 + 0.4 SS 716 677 39 107.3
20170614 2 ppm CO
6A H2 6.0 + 0.4 DLC 714 664 50 137.5
20170629 2 ppm CO
6B H2 6.0 + 0.4 DLC 714 664 50 137.5
20170620 2 ppm CO
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Figure 2. Voltage response to 2 ppm CO on steady state and dynamic load cycle for the first
200 minutes.
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Figure 3. Profile of the dynamic load cycle and steady state current densities as recorded
with a hall effect sensor.

As shown in Table 2, the duration for a 50 mV drop during steady state is on average 114.1
minutes, whereas under dynamic load cycle the same drop takes 137.5 minutes. This is
approximately a 20 % increment on operation duration, and based on this it can be concluded
that in-situ CO removal from the anode catalyst is enhanced during a load cycle, even though
the average current density is the same.

It should also be noted that some of the voltage loss is not caused by the CO, as in the
reference measurements, a drop of 14.5 mV is observed in DLC and 21 mV drop is observed
in SS during the 324.7-minute run. Thus, instead of 50 mV, approximately 40 mV of the voltage
loss is caused by CO.

CEA
Single cell:

CEA has been studying the impact of CO at 1 A/cm? steady state conditions with single cell
using low loaded MEA (0.08 mge/cm?). Steady state condition with relatively high current
density had been identified as “worst case” condition for MEA, since in the first period of the
project it was demonstrated that the impact of CO is mitigated by the anode gas recirculation,
the voltage cycling, and SU/SD cycling. The impact of 2 ppm CO on fresh and aged MEA is
reported in D1.4% With the results, it was estimated that for the low loaded MEA a
concentration of 0.2 ppm CO would not affect the overall performance of the MEA. However,
as the future Pt loadings of anode are expected to go as low as 0.02 mge/cm?, the impact of
0.2 ppm CO at 1 A/cm? in a single cell might not be negligible after several hours of pollution,
but it could still be acceptable.

4 HyCoRA deliverable D1.4 Final report for the third risk assessment workshop
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Stack:

During the last period of the project, CEA has studied the impact of CO with Powercell’s 10-
cell short stack in a CEA’s stack test station. These tests were conducted to check the impact
of low CO contents, 2 ppm or 1 ppm most commonly. The test were conducted at fixed current
load, namely 0.5 A/cm?, or under FC-DLC (with max current density at 0.8 A/cm?). The full
report of the measurements can be read from D1.4.

In the contamination tests with short stacks at fixed load, the impact of pollutant, in terms of
voltage loss, was repeatable but kinetics of coverage was not.

The contamination tests with FC-DLC showed higher tolerance to 1 or 2 ppm CO than with
steady state operation, Figure 4. In addition, in FC-DCL operation, some performance has
been recovered. Voltages increased for all current densities lower than 0.46 A/lcm?. Some
internal air bleeding or self-cleaning of the anode catalyst due to the anode potential reached
after certain contamination level could explain this phenomenon, but the issue should still be
further studied.
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Figure 4. Tolerance to CO contamination estimated in time spent to lose 50 mV after CO
injection in different load conditions (fixed or during DLC) for 2 or 1 ppm of CO. Lower
tolerance at fixed load.
2.1.2 Study of irreversible impurities
All of the irreversible impurity studies described in this chapter have been reported in D1.45.

H>,S measurements (CEA)

Single cell:

5 HyCoRA deliverable D1.4 Final report for the third risk assessment workshop
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H>S is considered as an irreversible contaminant in literature. Nevertheless, the results of S.
Passot showed that using Imin/Imax Cycles (0.108/0.54 A/cm?, during 10/10 minutes), there is a
voltage plateau for the impact of H.S®. Nevertheless, that phenomenon was visible only for
above described cyclic operation. Therefore, an experiment was conducted, which aimed at
showing if there is an impact of H.S in such conditions and if the impact of H.S could be

mitigated after the pollution phase while operating the single cell in operating conditions for
automotive vehicles.

The experiments did not support the mitigation of H2S with cyclic operation. The impact of CO

followed is the same before and after the FC-DLC showing that there was no recovery of the
anode ECSA by the FC-DLC, Figure 5.

PureH, 2ppm CO

0,7

0,6

o
o w
in o

'y
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cell voltage (V)

0,4

0,3
0:00:00 0:28:48 0:57:36 1:26:24 1:55:12 2:24:00 2:52:48 3:21:36 3:50:24 4:19:12 4:48:00
time (hours:min:sec)

Figure 5. Impact of 2 ppm CO (4 hours) on MEA at BoL (orange), after being polluted for 4
hours under 250 ppb H2S @ 1 A/cm2 (grey), then after 65 hours under FC-DLC (yellow) and
after anode cleaning by CV (blue).

Stack:

The objective of the stack experiments was to check the impact of a contamination by H»,S on
behaviour of the stack operated under CO-contaminated hydrogen. The impact of CO was
seen mitigated after strong contamination by H.S at fixed current but also under FC-DLCs.
The interpretation of the phenomenon is still to be determined, but it is expected to be related
to the different kinds of Pt sites available. Further analyses would be needed to interpret and
understand the detailed impact of H>S combined to CO.

6 https://tel.archives-ouvertes.fr/tel-00813426/document
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Figure 6. Tolerance to CO contamination estimated in time spent to lose 50 mV after CO
injection and minimum stable voltage reached after CO pollution (before or after H2S
contaminations).

2.2 Development and validation of novel analytical methods for
hydrogen quality (WP2)

221 Development and validation of novel and traceable accurate methods for
hydrogen purity analysis (Task 2.1)

To reduce the number of analytical techniques required, pre-concentration of samples and
cryofocusing has been studied. SINTEF has tested palladium membrane hydrogen
separation. The results indicate that hot palladium surfaces catalyse reactions between
impurities in hydrogen. VTT has looked into pre-concentration of formaldehyde and
subsequent analysis with GC-FID. SINTEF has incorporated cryofocusing into a GC/MS
setup. They have analysed samples collected from HyCoRA WP3 and the results indicate
good sensitivity, especially with respect to hydrocarbons. VTT’s cryofocusing efforts were
reported in last periodic report, D6.6” , as SINTEF’s first analysis on the cryofocusing. The
overall pre-concentration and cryofocusing efforts, with aggregation of all known analytical
methods applicable to hydrogen fuel quality control have been reported in D2.48.

222 Testing and validation of new analysers for measuring multiple impurities
(Task 2.2)

Protea analyser

During the 6™ period, Protea LTD has finalized the design and testing of FTIR instrument,
specifically designed for the purpose of hydrogen fuel quality control in compliance with the
ISO 14687-2 specification. By combining two of the most versatile analytical techniques, FTIR
and MS, a cost efficient and versatile system has been designed. The multicomponent nature

7 HyCoRA deliverable D6.6 Interim progress report 4
8 HyCoRA deliverable D2.4 Final report on the performance of existing and new hydrogen purity
analysisi methods
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of both analytical techniques is also beneficial when it comes to identification of new fuel
impurities not listed in the ISO specification. The analyser does not meet the requirements for
total sulphur because of the difficulty to attain H»S. This could be remedied by the addition of
a specific analyser for H,S at the expense of cost effectiveness. It is expected that with volume
production of quantum cascade lasers, cost efficient H.S analysers will emerge in the near
future.

The design of the FTIR and MS analyser, added a QCL analyser for H,S, show that the list of
impurity constituents can be covered analytically by three analytical techniques. This is a
significant improvement compared with the six analytical techniques currently used by Smart
Chemistry, subcontracted to analyse the 28 HRS samples collected in HyCoRA.

Instrument design

IR absorption spectroscopy provides a repeatable method of analysis for a range of the gases
to be considered for impurities in H, samples. Fourier Transform Infrared (FTIR) spectroscopy
allows for a full-spectrum IR analysis that gives a single instrument the ability to detect and
measure a wide range of gases. Protea’s range of FTIR and software already achieves
measurement of more than 50 gases at once. However, their standard products do not give
the low concentrations required of H» purity analysis. Within HyCoRA, Protea has designed
and built a new FTIR analyser system capable of measuring low concentrations of impurities
in Hz, whilst still being an instrument that could be used in the field as well as the lab. The
specifications of the designed FTIR analyser are presented in Table 3.

Table 3. Specifications of designed FTIR analyser.

Resolution 0.7cm-1 (unapodized, 1cm-1 apodized)
Detector(s) DTGS Room Temperature

LN2 Cooled MCT

Scan Time 6 seconds per scan
Measurement Time 4 minutes per measurement
Gas Cell Pathlength 20 metres

Gas Cell Volume 4 litres

Working Pressure 4 bar a

Rated Pressure (max) 10 bar a

Gas cell and sampling at pressure

Protea’s gas cell design during the HyCoRA project was for a novel cell design with unique
mirror arrangement that:

¢ Maximised light throughput
Gave low cell volume to pathlength ratio

o Would provide a robust and repeatable arrangement that could withstand field work,
as well as laboratory testing becomes difficult

D6.7 Final report 13
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P

Figure 7. Protea's gas cell.

Ordinarily, FTIR gas cell pressures are kept at ambient pressure. For measurement of ambient
air or industrial gas samples, this makes sense as the process is at this pressure. With
hydrogen testing, the samples are already at pressure. By designing a sample gas cell that
would work at high(er) pressures, a higher absorption peak of the IR measurement could also
be achieved.

The gas cell designed for the H, sampling was required to take into account the following
factors:

e Pressure rating of IR transmitting optics
Pressure rating of cell seals

e Material of construction, to reduce possibilities of H> embrittlement for long-term
sampling

¢ Alignment of optics to withstand working at pressure, or more importantly any changes
in pressure

Downside to the sampling at 4 bar pressure is that there gas requirement is four times higher.
This means that the minimum volume needed is around 16 litres of gas. This may be an issue
if sampling a limited volume of sample, say from extraction to the lab for analysis, but for online
sampling, it would not be an issue.

Detector

To improve detection of the IR signal, the choice of IR detector is also made. The best
performing IR detectors for Mid-IR measurement are cryogenically (LN2) cooled MCT
detectors. For laboratory use, these are suitable due to the availability of LN2 and the short
usage time of Dewars.

For field work, LNz is not an available option. Protea has built and tested two FTIR with both
LN detection and one with their standard room-temperature DTGS detector.
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Figure 8. HyCoRA FTIR assembly showing Liquid Nitrogen cooled detector assembly that
can be inter-chaned with DTGS for field work.

Quadrupole Mass Spectrometer Design

The use of a Quadrupole Mass Spectrometer (QMS) analyser allows for the real-time
measurement of those diatomic and inert gas species that are not detectable with IR
spectroscopy. By combing the FTIR and QMS analysers, Protea’s total method would allow
most impurities to be measured simultaneously.

QMS data suffers from notable drift compared to IR spectra, which is more repeatable. Protea
have designed and constructed a new QMS analyser that integrates more measurement data
within our chemometric analysis software (PAS). This has produced a method that can provide
some compensation that would ultimately allow for a more repeatable field-deployable
instrument.

The QMS analyser was designed and built with the following improvements:
¢ New Rotary and Turbo pumps to allow for effective H2 down pressuring
e New vacuum chamber for more effective pumping
e New filaments (Yttrium oxide coated Iridium)
o New electronics with better S/N and Ethernet control
¢ Integrated sampling electronics, allowing sample-side inlet pressure to be measured,

chamber temperature and automated sample switching. This provides further data for
the chemometric data set.
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Table 4. Specifications of the designed QMS analyser.

Resolution 0.2amu
Maximum Range 0-200amu
Standard Range 0-60amu
“HyCoRA” Range 2-6 amu (He)
26-42 amu (N2, 02, H2S, Ar)
Measurement Time 10 minutes per complete 0-60amu
X minutes per “HyCoRA” range
Operating Chamber Pressure 5E-6mbar
Pumped down time 45 minutes (minimum)

Testing of relevant gases for instrument validation

The combined FTIR and QMS analyser system was checked on zero gas and 3* standard
deviation of 10 zero measurements was calculated to give lower detection limits presented in
Table 5.

Table 5. Lower detection limits.

ISO/DIS 14687-2

Gas Range / ppm Lower Detection Limit / ppm Requirements / ppm
CO2 200 0.5 2
CO 1 0.006 0.2
CH4 1 0.002
C2H6 1 0.010 2
C2H4 1 0.018
Total Hydrocarbons 10 2
S0O2 1 0.004
SO3 1 0.004
CS2 1 0.004 0.004
COS 1 0.001
H2S 50 0.100
HCHO 10 0.010 0.01
HCOOH 10 0.010 0.2
NH3 1 0.010 0.1
HCI 1 0.015
HF 1 0.040
HBr 1 0.060 0.05
Dichloromethane 10 0.021
H20 500 Not Measured 5
N2 200 5 100
Ar 500 0.1 100
02 200 2 5
He 200 0.1 300

Analysis of HRS samples with SIFT-MS
An analysis of HRS samples with SIFT-MS was performed and reported in detail in D2.1°.

The comparison of results between SYFT and Smart Chemistry is not a sound basis for the
evaluation of the performance of the SIFT-MS technique. Clearly, there is a need to establish
k-values for the impurities in a hydrogen matrix. Further, a comparison of SIFT-MS with other
analytical techniques for selected impurities at higher concentration levels are needed for
further evaluation.

9 HyCoRA deliverable D2.1 New methods and traceable standards
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2.3 Assessment of hydrogen quality variation in hydrogen refuelling
stations (WP3)

231 3'Y sampling campaign

The HyCoRA'’s second sampling campaign was split into two separate campaigns, due to the
limited availability of gas cylinders for sampling, referred as second and third, ten samples
each. The third sampling campaign was conducted between 30" of March and 7™ of April
2017. No specific objective for selection of HRSs was obvious based on previous results.
HRSs in Scandinavia were chosen.

The samples collected indicates a generally good quality of the available hydrogen, and
stations such as Gothenburg which had some species above the limits in SC2 seems to have
reduced the impurities. Porsgrunn, however, was still high in inerts, and is nhow above the
limits for several hydrocarbons. For the particles, there was a lack of any detected particles,
possibly caused by the placement of the particulate sampler downstream of the gas sampler.

The third sampling campaign has been further reported in D3.3°, with the second sampling
campaign.

2.3.2 Comparison of the analysis of samples

SINTEF has contracted Smart Chemistry throughout the project, for analysis of samples
collected from HRS's in Europe. The great interest for, and high impact of these results from
SDO's and OEM's, is due to the fact that these analyses has been performed in compliance
with prevailing standards ISO 14687 and SAE J 2719. Smart Chemistry was the only
contracting laboratory available to perform this kind of analysis during the HyCoRA project
period.

An appropriate question that has been asked is: what is the analytical performance of Smart
Chemistry? A common exercise amongst certified laboratories is to conduct interlaboratory
calibrations (i.e. round robin testing). With the limited number of contracting laboratories
available, this has obviously not been conducted.

Through the EC funded H2FC project and the Euramet 1220, round robin testing of individual
hydrogen impurities were conducted. Unfortunately, the high cost of shipment for the gas
bottles prevented Smart Chemistry to take part in these quality assurance measures.

At the end of the HyCoRA project, resources were available in WP3 to perform double analysis
of samples collected in the third and final sampling campaign. After transfer of samples to
sample cylinders provided by smart chemistry for shipment, the original 10 L sampling
cylinders were sent to NPL. The set was split between NPL and Protea for analyses that would
provide a contrast to the results from Smart Chemistry.

Whereas the Smart Chemistry results from the 3™ sampling campaign was reported in
HyCoRA D3.3, the results from NPL and Protea were not available at the time of D3.3
submission. The comparison with the Smart Chemistry results is therefore provided in the final
report. The results will however be published in an international journal and will be submitted
by the end of 2017.

Analysis by NPL

10 HyCoRA deliverable D3.3 Results from the 2nd HRS measurement campaign
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The National Physical Laboratory is perhaps the most advanced laboratory towards
establishing a laboratory for hydrogen quality assurance in Europe. They are currently not
able to perform full analysis in compliance with 1ISO 14687 (e.g. formaldehyde, formic acid)
and was therefore not chosen for analysis earlier in the HyCoRA project. However, NPL is a
metrological institute, and due to stringent quality control are expected to deliver high quality
analytical services. NPL also provides an uncertainty budget for their analytical results based
on a 95 % probability (coverage factor k =2).

The analytical methods used by NPL is listed in Table 6. The "total halogenated" analysis is
performed with compliance for ASTM D7892-15. This implies that inorganic halogens like HCI,
HBr, Cl; and Brz have not been analysed.

Table 6. Analytical methods applied by NPL.

GC with pulsed discharge helium ionization

Argon, nitrogen, oxygen

detector

Helium GC with thermal conductivity detector
Ammonia UV spectroscopy
Carbon oxides, methane, formaldehyde GC with methanizer and flame ionization
and non-methane hydrocarbons detector
Water Cavity ring-down spectroscopy

Thermal  desorption GC  with  mass

Total halogenated compounds

Total sulphur

Formic acid

spectrometry detector
GC with sulphur chemiluminescence detector

Fourier-transform infrared spectroscopy

The reported analytical results from NPL are

Table 7. NPL analytical results.

summarized in Table 7.

ppm mol #1 #2 #4 #5 #6
Gaustad  Lillestrem Porsgrunn  Aarhus Koge
Helium <20 <20 <20 <20 <20
Nitrogen 4.8 18.25 579 89.3 87.69
Argon <1 <1 <1 <1 <1
Water 2.93 2.51 13.2 3.44 1.38
Oxygen 0.59 0.67 <0.5 4.84 0.272
Carbon dioxide <0.02 <0.02 0.316 0.0306 <0.02
Methane <0.02 0.0491 14.28 0.0242 <0.02
Total non-methane hydrocarbons <0.02 <0.02 > 200 <0.02 <0.02
Carbon monoxide <0.02 <0.02 <0.02 <0.02 <0.02
Formic acid <0.13 <0.13 <0.13 <0.13 <0.13
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Ammonia <0.37
Total halogenated compounds <0.052
Individual halogenated

compounds < 0.005
Formaldehyde <0.06
Total sulphur <0.001

<0.37
<0.052

< 0.005
<0.06
<0.001

<0.37
<0.052

< 0.005
<0.34
<0.001

<0.37
<0.052

< 0.005
<0.05
<0.001

<0.37
<0.052

< 0.005
<0.06
<0.001

For sample #4, the hydrocarbons were further specified to be 319 + 10 ppm mol ethane, 0.117
+ 0.0030 ppm mol propane and 0.46 + 0.12 ppm mol N-butane. The other uncertainty budgets

can be found in Table 8.

Table 8. Uncertainty budget for the analytical results in ppm mol.

k=2 (95%) #1 #2 #4 #5 #6
Gaustad  Lillestream Porsgrunn  Aarhus Kopge

Helium

Nitrogen 0.6 0.34 23 0.6 0.33

Argon

Water 0.37 0.32 1.7 0.44 0.18

Oxygen 0.10 0.11 0.09 0.040

Carbon dioxide 0.007 0.0020

Methane 0.0008 0.07 0.0008

Total hydrocarbons

Carbon monoxide

Formic acid

Ammonia

Total halogenated compounds
Individual halogenated compound’s
Formaldehyde

Total sulfur

A comparison between the results of NPL with those of Smart Chemistry is shown in Table

9.
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Table 9. Comparison between NPL and Smart Chemistry results. Additional analysis by SINTEF is also shown for sample #4.

#1 #2 #4 #5 #6

SC NPL SC NPL SC NPL SINTEF SC NPL SC NPL
Water <1 2.93 <1 2.51 1.3 13.2 <1 3.44 <1 1.38
Nitrogen <5 4.8 8.3 18.25 452 579 41.0 89.3 49.4 87.69
Argon <04 <1 <04 <1 4.3 <1 0.48 <1 0.51 <1
Helium 10 <20 <10 <20 <10 <20 <10 <20 <10 <20
Oxygen <1 0.59 <1 0.67 1.8 <0.5 3.1 4.84 4.8 0.272
Carbon dioxide <0.1 <0.02 <0.1 <0.02 0.37 0.316 0.250 <0.1 0.0306 <0.1 <0.02
Carbon monoxide 0.0022 <0.02 0.0010 <0.02 0.0093 <0.02 0.0030 <0.02 0.0017 <0.02
Methane 0.21 <0.02 0.60 0.0491 17 14.28 12 0.22 0.242 <0.2 <0.02
Ethane 5.6 319 400
Propane 8.7 0.117 1
N-butane 15 0.46 1
Total hydrocarbons 0.22 <0.02 1.7 <0.02 47 > 200 1.2 <0.02 0.27 <0.02
Total sulphur 0.000016 <0.001 | 0.000010 <0.001 | 0.0000042 <0.001 0.000015 <0.001 | 0.000016 <0.001
Total halogenates 0.00067 <0.052 | 0.0026 <0.052 0.0062 <0.052 0.0028 <0.052| 0.0035 <0.052
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Clearly, there are some discrepancies in the water estimates. According to NPL, sample #4 is
in violation with the 5 ppm mol tolerance. Generally, the NPL water estimates are higher than
those of Smart Chemistry.

Nitrogen estimates are also generally higher for NPL than for Smart Chemistry. The nitrogen
levels for sample #4 is too high by both estimates. The inter laboratory difference is too high
to be acceptable. Estimates for samples #5 and #6 by NPL are close to the 100 ppm mol
tolerance limit.

Oxygen analysis between laboratories show a difference albeit not systematically so. Although
the results for these samples are not in violation with the hydrogen fuel tolerance, the
difference could easily have resulted in a false positive or negative, depending on the
laboratory used.

Methane estimates are fairly consistent between laboratories. For ethane, propane and N-
butane there are vast differences between Smart Chemistry and NPL estimates for sample
#4. Additional analysis by SINTEF with FTIR spectroscopy provides estimates closer to NPL
than Smart Chemistry.

Analysis by Protea

Analysis by Protea was performed with their QMS mass spectrometer for homonuclear gas
species and an FTIR analyser. Rather than using the FTIR instrument designed and described
in D2.1, Protea chose to use their commercial instrument AtmosflR. The given limits of
detection (i.e. LDL) suggests sufficient sensitivity except for H,S. Water was also not listed
nor analysed.

The analytical results from Protea is shown in Table 10. No impurities were detected in any of
the samples.
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Table 10. Protea analytical results.

Range / Lowgr
Gas Detection #3 #7 #8 #9 #10
ppm Limit/ ppm
CO2 200 0.5 <0.5 <0.5 <0.5 <0.5 <0.5
co 1 0.006 <0.006 <0.006 <0.006 <0.006 <0.006
CH4 1 0.002 <0.002 <0.002 <0.002 <0.002 <0.002
C2H6 1 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
C2H4 1 0.018 <0.018 <0.018 <0.018 <0.018 <0.018
S0O2 1 0.004 <0.004 <0.004 <0.004 <0.004 <0.004
SO3 1 0.004 <0.004 <0.004 <0.004 <0.004 <0.004
CS2 1 0.004 <0.004 <0.004 <0.004 <0.004 <0.004
COoSs 1 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
H2S 50 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
HCHO 10 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HCOOH 10 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
NH3 1 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
HCI 1 0.015 <0.015 <0.015 <0.015 <0.015 <0.015
HF 1 0.04 <0.04 <0.04 <0.04 <0.04 <0.04
HBr 1 0.06 <0.06 <0.06 <0.06 <0.06 <0.06
Dichloromethane 10 0.021 <0.021 <0.021 <0.021 <0.021 <0.021
N2 200 5 <5 <5 <5 <5 <5
Ar 500 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
02 200 2 <2 <2 <2 <2 <2
He 200 0.1 <0.1 <0.1 <0.1 <0.1 <0.1

A comparison between Protea and Smart Chemistry results is shown in Table 11.
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Table 11. Comparison between Smart Chemistry and Protea results.

#3 #7 #8 #9 #10

SC Protea SC Protea SC Protea SC Protea SC Protea
Water <1 - <1 - <1 - <1 - <1 -
Nitrogen 15 <5 24 <5 <5 <5 17 <5 23 <5
Argon <04 <0.1 <04 <0.1 <04 <0.1 <04 <01 0.40 <0.1
Helium <10 <0.1 <10 <0.1 13 <0.1 <10 <0.1 <10 <0.1
Oxygen 4.1 <2 3.4 <2 <1 <2 4.2 <2 4.4 <2
Carbon dioxide <0.1 <0.5 0.36 <0.5 <0.1 <0.5 <0.1 <0.5 0.20 <0.5
Carbon monoxide 0.00087 <0.006 | 0.0015 <0.006 | 0.0027 <0.006 | 0.0035 <0.006| 0.0023 <0.006
Methane 0.47 <0.002 0.33 <0.002 0.12 <0.002 0.58 <0.002 0.19 <0.002
Total hydrocarbons 1.0 - 0.42 - 0.15 - 0.80 - 0.72 -
Total Sulfur* 0.000016 <0.1 | 0.000020 <0.1 | 0.000022 <0.1 | 0.000017 <0.1 | 0.000018 <0.1
Total halogenates** | 0.0037 <0.06 0.0020 <0.06 0.0038 <0.06 0.0042 <0.06 0.010 <0.06
* Protea analyses H25(0.1), CS2 (0.04), COS (0.01), SO2 (0.04), SO3 (0.04)
** Protea analyses HCI (0.015), HF (0.04) HBr (0.06)
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The comparison clearly shows that the limit of detection (LOD) estimates by Protea are not
consistent with analytical results provided by Smart Chemistry. This is indicative for argon,
helium and oxygen results. For nitrogen, the limit of detection of <5 appear to be not
trustworthy especially as the Smart Chemistry estimates are low compared to the NPL
estimates. For methane where Smart Chemistry and NPL are fairly consistent, the < 0.002
ppm mol LOD estimate seem very unlikely.

Protea MS detected possible traces of chlorine in two samples. This is illustrated in Figure 9.
This signature, with intensities elevated for m/z 35,36 and 37, is not the signature of HCI or
Cl,. It its most likely an organohalide.

114.59

110 e BIP H2 #2 Mass Spectrum.spc

L~~~ H2 Sample#2 Mass Spectrum.spc

100 4
0] H2 Sample8 Mass Spectrum.spc

80

Intensity ! Arbitrary Units

é..—_f-» -

Mass /amu

Figure 9. Protea MS identification of chlorine species. Sample 2 is wrongly tagged and
should read Sample 9.

Arrangements have been made that NPL could analyse these samples for organohalides
before the sample cylinders are returned to SINTEF, Norway.

Furthermore, the gases N, Ar, He, O, are all measured using the QMS part of the Protea
system. There seems to be a clear issue with the measurement of these compounds when
compared to the SC results. This may be a leak, a poor reference or some other issue. There
was not have time in the project to fully perfect the sampling between QMS and FTIR analyser
to remove any sources of leak. The system also suffers from a less-than-optimum sampling
arrangement from cylinders (a manual change) that can cause N./OJ/Ar to be trapped from
the air in the sampling system and then maybe “zeroed out”.

The methane measurement is made by the FTIR. Further investigation of the raw FTIR
spectral data has shown negative absorption peaks for methane in the sample spectrum. On
review of the background spectrum used for calculating the sample spectrum, it was found
that methane peaks were present in background spectrum, which caused the falsely low
results on sample. Investigations into the source of CHa in the background spectrum will need
to be carried out.

Conclusions

Comparing the results of Smart Chemistry and NPL, they are consistent when it comes to
nitrogen although two more samples are close to fuel tolerance according to NPL. For water,
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the results are inconsistent, where NPL results suggests sample #4 to be in violation of fuel
tolerance. While the analysis of methane appear consistent, the results of other hydrocarbons
are very different. SINTEF results are in support of NPL estimates.

Protea estimates of limit of detection does not appear to be trustworthy. There are several
constituents, nitrogen, argon, helium, oxygen and methane that appear to be present at
concentration higher than suggested by Protea limit of detection estimates.

Clearly, there is a need to perform more extensive inter laboratory comparisons in the future.
This is part of the description of work for the HYDRAITE project staring 2018.

2.4 Hydrogen purity monitoring campaign

24.1 Campaign description and purpose

The purpose of this measurement campaign was to monitor hydrogen purity level of Kemira
chlor-alkali factory at the city of Sastamala. The components of interest in this on-site and
online measurement campaign were carbon monoxide (CO), carbon dioxide (CO,) and
methane (CH4). This measurement data can be used later on to enhance factory processes
and increase the value of produced hydrogen gas.

The measurement campaign lasted for 41 days and data was collected throughout the
measurement campaign at a rate of six measurements per hour.

2.4.2 Measurement method and implementation

In this measurement campaign, a single analytical equipment was sufficient for the analysis
of all three componenets of interest (CO, CO, and CH4). The analytical method used is
gaschromatography with packed separation column (Supelco Analytical 60/80 Carboxen
1000, 1.5m x 1/87), methanizer and flame ionization detector (FID).

Figure 10. A dust shelter for gas chromatographic instrument.
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Figure 10 illustrates the measurement equipment location with a dust shelter for gas
chromatograph instrument and needed feed gases for the instrument.

2.4.3 Results

The measurement campaign was started right after a maintenance period. This factory start-
up resulted in several days of high-level concentrations of CO, CO, and CH,. Therefore, the
data was analysed in a manner that the factory start-up period was omitted and only stable
operation is included in measurement results.

All concentrations in this report are presented in pumol/mol (ppm, parts per million) or nmol/mol
(ppb, parts per billion) units.

Carbon monoxide concentration distribution

Figure 11 presents the variation of CO concentration during plant operation. The occurrence
percentage is calculated in two steps. First, measurement data set is divided into intervals of
5 ppb. Then the number of values in each interval is divided by the number of all data points.

Carbon monoxide concentration distribution
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Figure 11 - Carbon monoxide concentration distribution during stable factory operation

In addition to the values seen in the figure 1, 45% of the measured data points indicated no
carbon monoxide. However, with trace level of carbon monoxide, the measurement
uncertainty increases rapidly, thus, part of the zero concentration are most certainly identified
incorrectly. The deviation from nominal concentration was tested with a known calibration gas
after the measurement campaign. This deviation is presented in Figure 12 below.

Although the margin of error increases significantly with concentrations below 100 ppb, Figure
11 presents reasonable estimation for distribution of CO variation in plant’s stable operation.
From the distribution, 90% of the measured concentrations are <100 ppb and 94% are <200
ppb range. Estimated average concentration for CO is 22 ppb.
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Deviation percentage from actual concentration
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Figure 12 - Deviation from nominal concentration in trace level concentrations.
Measurements conducted with known concentration calibration gases.

These results would indicate that the hydrogen stream CO concentration is in most part clearly
below ISO 14687-2:2012 standard limit of 200 ppb.

Carbon dioxide concentration distribution

With carbon dioxide, the concentration distribution is calculated in the same way as with CO.
However, as carbon dioxide level is much higher compared to CO level, the distribution interval
is setto 1 ppm.

Carbon dioxide concentration distribution
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Figure 13 - Carbon dioxide concentration distribution during stable factory operation
As can be seen from Figure 13, carbon dioxide was always present in the measured hydrogen
stream as no concentrations below 7 ppm were detected. From the distribution, 90% of the

measured concentrations are < 31 ppm and 99% are < 40 ppm range. Therefore, additional
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CO; removal is required if produced hydrogen would be used for PEMFC applications for road
vehicles. The current ISO 14687-2:2012 standard limit for CO2 is 2 ppm.

Methane concentration distribution

As with carbon dioxide, methane was present throughout the measurement period. Figure
14 below presents the methane distribution. This distribution uses 0.5 ppm intervals.

Methane concentration distribution
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Figure 14 - Methane concentration distribution during stable factory operation

From the concentration distribution, 90% of the measured concentrations are < 8 ppm and
99% are < 15 ppm range. The limit for methane in ISO 14687-2:2012 standard is 100 ppm.

2.4.4 Conclusions

During this campaign, a continuous online measurement was carried out for 41 consecutive
days. From these 41 days, first 6 days included the factory start-up procedures from a
maintenance shutdown. In stable conditions, a continuous measurement of 35 days was
achieved. During this period, approximately 2500 individual measurements were performed.

2.5 Risk assessment of hydrogen quality assurance failure (WP4)

The HyCoRA risk model for assessing the impacts of hydrogen fuel quality control measures
on the risk of degraded FC vehicle performance caused by contaminants in the fuel, and fuel
costs, had been finalised already before the 6" reporting period, and has been reported in
earlier periodic reports.

The work of WP4 conducted in 6" period has contained mainly of creating a full documentation
of the HyCoRA risk model, D4.3"1, and drafting a scientific article.

11 HyCoRA deliverable D4.3 Final risk assessment of hydrogen fuel quality assurance methods
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2.6 Dissemination, recommendations and communications (WP5)

All the partners participated for arranging the 3@ HyCoRA OEM workshop, “Hydrogen fuel
quality assurance for PEM fuel cells”, held in Trondheim (Norway) 6" and 7™ of June 2017.
The workshop was hosted by SINTEF, and further documented in D5.4'2,

The communications with OEM advisory board has been reported in D5.2* and compiled
communications with SDOs in D5.6%. For the compiled recommendations, D5.7%° has been
prepared.

JRC

At the WG27 of ISO/TC197 meeting in Amsterdam, JRC presented results of harmonization
of fuel cell testing for automotive applications for fuel quality validation.

A JRC-ISO Strategic Planning Meeting “H2@Market: Multi-fuel Stations and Power to Large
Scale Hydrogen” took place in Egmond (NL) in December 2016, where JRC elaborated on the
Energy Winter Package 2016 of the European Commission and its implications among other
on hydrogen as transportation fuel. The meeting’s topics featured panel discussions from
international experts on regional initiatives regarding potentially large applications for
hydrogen energy where future international standards are needed, and for updating the
ISO/TC 197 Strategic Business Plan.

VTT

VTT has presented HyCoRA project and some results in IEA Annex 33 meeting 15" of May in
Graz (Austria). VTT has presented impurity measurements in HYCELTEC conference in Porto
(Portugal) 23th of June, with title “Measurements of reactive impurities in hydrogen fuel of
automotive grade”. VTT has also presented WP1 results in WHTC conference 12" of July in
Prague (Czech Republic), with title “Development of fuel cell measurement methodology for
unstable hydrogen fuel impurities in ISO 14687”.

CEA

Organisation of a session dedicated to the impact of gas quality on PEMFC in the workshop
“Material challenges for fuel cell and material technologies: from innovation to industry” the
20™ of September 2016 in which HyCoRA has been presented.

CEA has forward the HyCoRA conclusions to AFNOR (French mirror committee of 1SO).
SINTEF

SINTEF has taken part in the TC 197 meetings for WG 27 and JWG 7 (SINTEF convened this
meeting upon request from Air Liquide) in Seoul (KR) in May 2017, and presented HCHO FC
measurement results, HYyCoRA HRS QC results and sampling results. SINTEF has also
contributed to the finalization of the community draft of ISO 21087, which contains input from
HyCoRA on analytical and sampling methods for hydrogen fuel quality assurance.

12 HyCoRA deliverable D5.4 Summary of dissemination workshop

13 HyCoRA deliverable D5.2 Compilation of MoM and communications with OEM advisory board final
14 HyCoRA deliverable D5.6 Compiled communications with relevant SDOs final.

15 HyCoRA deliverable D5.7 List of hydrogen QA recommendations
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2.7 Deviations and impact

Minor deviations occurred in the schedule of the final tasks of the project. This, however, did
not have substantial effect on the project finalization and the objectives of the project were
fulfilled. From the planned measurements and analysis, all the planned were completed with
the exception of measurement campaign with 3CO and *CO, gases that was not completed.

3. Project management during the period

3.1 Consortium management tasks and achievements

All the deliverables of the project have been submitted, i.e. this deliverable being the last to
be submitted.

Final project meeting was held alongside the 3" OEM workshop in Trondheim 8" of June.

An amendment with a 3-month extension to the project was requested and granted. The
coordinator of the project for the final period has been Jaana Viitakangas (VTT). Otherwise,
the management, WP6, has been conducted as planned.

The overall progress of the project has been monitored by bimonthly progress meetings. Work
package leaders have had online meetings within WP members and/or with coordinator when
considered necessary.

3.2 Problems which have occurred and envisaged solutions

The issues and envisaged solutions has been listed within the work package reporting,
chapters 2.1-2.6.

3.3 List of project meetings, dates and venues related to reporting
period

Date Place Title
18.1.2017 Telco meeting M34 bimonthly progress meeting (online)
1.3.2017 Telco meeting M36 bimonthly progress meeting (online)
23.5.2017 Telco meeting M38 bimonthly progress meeting (online)
8.6.2017 Trondheim, Norway Final project meeting (M39)

3.4 Project planning and status

Project is finished 30" of June 2017.

3.5 Impact of possible deviations from the planned milestones and
deliverables

Small delays have been seen in the final deliverables of the project.
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3.6 Project website

The public website for the project is in http://hycora.eu/. The public deliverables have been
added there when they have been accepted by project officer.

3.7 HyCoRA milestones

The milestones of HYCoRA are presented in Table 12, with planned schedule and schedule
of realisation.
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Table 12. HyCoRA milestones.

Milestone Name of the milestone WP responsible Month Achievement (month)
MS61 Kick-off meeting. WP6 VTT 1 1
MS11 Reviews completed and available for initial risk assessment in WP4 WP1 CEA 4 4
MS31 Hydrogen Sampling Device tested, verified and procedures for safe operation established. WP3 SINTEF 4 8!
MS12 The results from reference measurements (CO <1 ppm) from all partners are homogenous. WP1 VTT 6 14
MS41 First version of the qualitative risk model developed. WP4 VTT 6 6
MS51 OEM workshop 1 held. WP5 JRC 6 6
MS13 First measurement campaign completed WP1 CEA 18 18
MS21 Selection. of most promising new analytical methods evaluated for assessment of hydrogen WP2 SINTEE 18 18
fuel quality control.
MS32 Hydrogen composition information at HRS and different production states. WP3 SINTEF 18 18
MS42 First version of the quantitative risk model developed. WP4 VTT 18 18
MS62 Midterm project assessment at month 18. WP6 VTT 18 22?
MS52 OEM workshop 2 held. WP5 JRC 19 19
MS14 All test station and analysis methods working for the second measurement campaign WP1 CEA 21 21
MS15 Second measurement campaign completed WP1 CEA 37 39
MS22 Documer.wtation of successful validation of new analytical methods applicable for hydrogen WP2 SINTEF 37 39
fuel quality control.
MS43 Risk assessment for hydrogen quality assurance failure completed. WP4 VTT 37 39
MS33 Hydrogen composition information at new HRS obtained. WP3 SINTEF 38 30°
MS53 OEM workshop 3 held. WP5 JRC 38 39
MS54 Hydrogen QA recommendations available. WP5 JRC 38 after EoP

1 Due to delay in the delivery of the gas sampler from Linde.

2 Midterm project meeting scheduled by FCH JU.

3 Hydrogen composition information at new HRS based on ten samples. Due to limited availability of gas cylinders for sampling, originally planned 2" sampling
campaign was divided into two: the 2" and the 3@ sampling campaign.
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4. Summary of HyCoRA project results

The experimental work performed in HyCoRA shows that the impact of HCHO (formaldehyde)
and HCOONH (formic acid) is notably lower than the impact of CO. Therefore, the threshold for
both could be relaxed.

Presentation of the HCHO and HCOOH project results in ISO WG 27 have been essential for
the introduction of a budget for these and CO into the standard, but not yet in the draft of
14687.

It has been concluded, that hydrogen impurity measurements should be conducted with FC
stacks instead of single cells. There are plenty of impurity measurements conducted with
single cells, which may not be representative for automotive use. Even if the automotive-alike
single cells in relevant operating conditions could be utilized, the hydrogen recirculation
becomes more demanding to realize with single cells, yields to slower flow velocities in the
cell, disturbs water balance and leads to notably larger gas volume at the anode side when
compared with real automotive system configurations. In addition, online gas sampling is
impossible to perform without altering notably the gas composition in the recirculation loop.

However, with new impurities and irreversible impurities it might make sense to perform (first
phase) studies with single cell, due e.g. to the cost issues.

In HYCoRA, it has been demonstrated that the impact of CO is mitigated by the anode gas
recirculation, the voltage cycling and SU/SD cycling. The impact of 1 or 2 ppm CO is significant
for low loaded MEA, but not with high loaded MEA.

For the analysis method, the goal has been to identify and to develop a most appropriate
system for hydrogen fuel quality control. Through reduction of the number of analytical
techniques required in order to perform hydrogen fuel in compliance with ISO 14687, a cost-
effective approach could be anticipated as suggested by NPL AS 64 already in 2012.

In this project, a FTIR + MS design has been achieved. In order to attain total sulphur and
water at the required level, a QCL sensor would need to be added. Obtaining full compliance
with 1ISO 14687 with only three analytical techniques is an achievement: Smart Chemistry,
subcontracted to analyse the 28 gas samples collected as part of HyCoRA WP3 uses six
analytical techniqgues and five different detectors not to mention several gas
chromatographical columns.

Three sampling campaigns were conducted in HyCoRA, in late 2014, summer 2016 and spring
2017. Unigue data set, a total of 28 gas samples and 14 particulate samples, has been
sampled, analysed in compliance with ISO 14687/SAE J2719 and disseminated. The first
campaign concentrated on feedstock and the second addressed newly commissioned
stations. From the two first sampling campaigns, there was no clear scope for the third
campaign, and a Scandinavian campaign was performed due to various new stations in the
area.

In HYyCoRA, it has been shown, that most of the HRS meet the H, fuel quality standard. No
guality correlation with source of hydrogen (SMR, water electrolysis, liquefied hydrogen, chlor
alkali by product), nor due to commission date of the station was noted.

Simultaneous collection of gas and particulate samples lead to challenges, and should be
validated further. If particulates are collected after the gas sampler, no particulates were found,
while if the particulates are collected before the gas sampler, uncertainties around introduction
of small levels of impurities still exists.

D6.7 Final report 33
HyCoRA, 7FP FCH JU project no. 621223



HRS sampling strategy contained verification of instrumentation for gas and particulate
sampling and successfully utilization in three sampling campaigns, and has led to
standardization of the sampling by Annex | to 19880-1.

A probabilistic risk assessment model for hydrogen fuel quality, implemented in Matlab code,
has been developed in HyCoRA. The model allows assessing the effect of fuel quality control
(QC) measures introduced in the fuel delivery chain on the risk of degraded FCEV
performance caused by contaminants in the fuel. Furthermore, the model allows calculating
the overall cost associated with the measures, comprising the investment and operating costs
of the QC measure and the damage costs from vehicle incidents expected still to occur.

The model has been limited to PEMFCs in automotive application, and automotive grade
hydrogen fuel. During the project, the work has been further limited to centralised production
from natural gas (NG) using the SMR with PSA process as the production-purification
pathway. The implementation has been further limited to CO as the single contaminant
accounted.

HyCoRA project results have been disseminated in various international conferences and
workshops, and presented in TC 197 meetings for WG 24, 27 and JWG 7.
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