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Glossary

Table 1: Glossary

PNO PNO Consultants (UK)

SFC Senior Flexonics Crumlin (UK)

UBHAM University of Birmingham (UK)

WP Work Package

DoA Description of the Action

AMD Amendment

R&D Research and Development

Cr Chromium

SOC/SOFC | Solid Oxide Cell / Solid Oxide Fuel Cell

CAPH Cathode Air Pre-Heater

CHP/mCHP | Combined Heat and Power / micro-Combined Heat and Power
PACE Pathway to a Competitive European Fuel Cell micro-Cogeneration Market
OEM Original Equipment Manufacturer

ICI ICI Caldaie (ltaly)

SUNFIRE Sunfire GmbH (Germany)

EDX Energy Dispersive X-Ray

XRD X-ray powder diffraction

SEM Scanning Electron Microscopy
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1 Introduction

The purpose of this deliverable is to record the materials created for, and used during, the final
HEATSTACK project event.

The purpose of the event itself was to disseminate key achievements/results from HEATSTACK to
relevant stakeholders.

1.1 Background to the choice of final event

The DoA (Annex 1, Part A) required HEATSTACK to have a final event:

End of project event:

A dedicated project workshop will be organised at the end of the project (Month 35). The purpose of this
workshop will be to raise awareness of the project, involving international experts in the field and the WP
leaders from the consortium. The final workshop will provide the opportunity to present the results of the project
to European private and public stakeholders including the general public.

This directly supports the overall objective of WP8 Dissemination, Exploitation and Communication,
which was “to analyse, present and communicate the project results”. It also supports specific WP8
objectives:

- Disseminate the key findings of this research programme through appropriate channels
- Maximise the project’s visibility by creating a distinctive project identity

- Communicate project information (objectives, activities and achievements) to a wide audience of industry
players, policy makers, the wider scientific community and the general public

- Facilitate future commercial exploitation of the research outputs [e.g. products, processes, services]

Although the project was extended twice in 2019 (see further: AMD-700564-12, end date
30/11/2019;and, AMD-700564-13, end date 29/02/2020), a final event had to be committed to many
weeks in advance based on the project end date as it was at the time of planning (i.e. Q1 2019) and
when the expected project end date was June 2019 [Month 37]. The end date as a result of the
extension requests was ultimately February 2020 [Month 45].

The consortium therefore chose the 12" Progress in Fuel Cell Systems workshop series, which was held
in May 2019 [Month 36], as the official end-of-project event. This annual event, which focuses on solid
oxide, high temperature and stationary applications, brings together industry, research and academia
active in the field of Fuel Cell System technology, with attendance of approximately 30 of the top
people participating each year.

The project’s participation at that event was supported by including HEATSTACK at SUNFIRE’s
exhibition booth at the Hannover Messe in April 2019 [Month 35]. This event is Europe’s largest
hydrogen, fuel cells and battery exhibition — a world leading event in this area that attracts up to
200,000 visitors over the 5 days and had approximately 6,500 exhibitors. It was agreed by all partners

Deliverable D39 D8.5 - Materials (presentations, Page 6 of 25
posters, etc.) for final project workshop/event
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that this would provide the best mix of engaging with direct stakeholders (commercial/industry and
academia/research) as well as the wider stakeholder community (policy makers and influencers,
media, general public).
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2 Presentations — Progress in Fuel Cell Systems

The primary materials for presenting HEATSTACK's key achievements/results at the chosen final event
were presentations from the project coordinator and partners leading each area of R&D.

The presentations delivered were:

1. Design and manufacture of Cathode Air Pre-Heaters

2. Gas/Gas Heat Exchanger for process intensification

3. Status of the development and manufacturing of Sunfire-Home

4.The Effect of Pre-heat Treatment of AluChrom 318 on the Corrosion Behaviour and Cr
Evaporation in SOFC Cathode Air Pre-heater

2.1 Presentation #1: Design and manufacture of Cathode Air Pre-Heaters

This presentation was created by SFC and was delivered by Charlie Penny. In addition to providing an
overview of the project, listing the objectives and outlining the main risks and challenges, it detailed
the development conducted around the new AluChrom 318 material and summarised the impact on
cycle times for manufacturing their CAPHs. This presentation had 21 slides, approximately half of which
were focused on AluChrom 318.

A selection of slides is illustrated in Figures 1-5:

Figure 1: SFC presentation —slide 3

PROJECT SUMMARY _f_@,

= HEATSTACK, Production Ready Heat Exchangers and Fuel Cell Stacks for mCHP
= Objectives
= Significantly reduce the number of cells in the Cathode Air Pre-Heat from the current 28
®» Reduce the amount of glass material in the SOC stack by 50%
® Reduce the time to manufacture a CAPH from 8.83 to 1.35 hours.
= To generate a commercial document for 10,000 CAPHs / year that meets cost targets
= To develop and prove tooling to meet objectives 2 and 3
= To develop AluChrom as the material of choice for the CAPH
= To have a production feasible repair method for CAPHs leaks
= Develop a pilot production line for SOC glass seals
= Run long-term performance on components (PACE)
= Business plan to increase volumes to a critical mass

_ 3

Deliverable D39 D8.5 - Materials (presentations, Page 8 of 25
posters, etc.) for final project workshop/event
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Figure 2: SFC presentation —slide 6

Risks and Challenges 5 -

qo.
i

There were four main risks or challenges when the project started.

Business development — Is there really a market for mCHP fuel cell systems? And if there is when will the
European market hit 100,000 / year. This is still a major risk and needs a number of OEMs to develop the
market. Waillant the OEM within the consortium made a decision to stop the commercialisation of
FCmMCHP systems. Sunfire have taken over as both the stack and mCHP system developer.

CAPH material — A stainless steel with >3.5% aluminium was expected to recuperate its alumina surface
and significantly reduce Chromium Evaporation. The pre-Heatstack development was done with Inconel
plates. The challenges were was this true? Could it be formed? Could it be welded and give leak tightness
within the specification? Was it durable in service?

Could CAPH cycle times be reduced to achieve target times?

Could the application of glass material to the SOC be automated? YES will be presented later today.

- 3

Figure 3: SFC presentation — slide 10
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Figure 4: SFC presentation - slide 12

AluChrom 318 material - formability &‘FCH’(,
q"w._\.-ﬂ"
Aluchrom Yhf AluChrom 318

Achievement to-date

Forming and
Now

welding

trialled - splits

Over 3,000 plates formed with no splitting
concems.

Figure 5: SFC presentation —slide 13

AluChrom 318 material - weldability ,‘@‘,
o‘"‘&.,.".a’
Ahiovement o date A!uchrom Yhf A!uChl.'om 318
trialled - splits Forming and

NOW welding

85 stacks and 1360 cells welded.

Cells and stacks are within the leak
tightness specification
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2.2 Presentation #2: Gas/Gas Heat Exchanger for process intensification

This presentation was created by IClI and was delivered by Carlo Tregambe. It had 27 slides, which
charted ICI’s evolution from boilers to top boilers (including green and advanced predictive systems)
then focused on further evolution to go beyond boilers to CHP. The presentation also gave examples
of ICI’s projects and products, emphasised the benefits of collaboration and undertaking R&D, and
covered the transition to a hydrogen economy.

A selection of slides is presented in Figures 6-9:

Figure 6: ICl presentation —slide 9

FProgress in Fuel Cell Systems: 12th Workshop 2019

THE UNCERTAIN FUTURE OF BOILERS | .
ATURNING IS APPROACHING

There is a public and political awareness that it is urgent to find a solution
to the too high production of C0O2, a gas considered to be one of the
main causes of the greenhouse effect and its consequences.

There will be always a need for heat and energy, but they will be produced
no longer by boilers based on Natural Gas, or at least not by the ones we
use at the moment.

Deliverable D39 D8.5 - Materials (presentations, Page 11 of 25
posters, etc.) for final project workshop/event
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Figure 7: ICl presentation — slide 11

Progress in Fuel Cell Systems: 12th Workshop 2019
FROM TOP BOILERS TO CHP “ ,
NEW CONCEPT TO PRODUCE ELECTRICITY b

Improve the quality of energy transformation producing electricity from the combustion of
the fuel and recovering the waste heat.

The Cogeneration Principle

Figure 8: ICl presentation — slide 12

Progress in Fuel Cell Systems: 12th Workshop 2019

FROM TOP BOILERS TO CHP
NEXT STEP. NOT TO BURN THE FUEL

Improve the quality of energy transformation from the combustion to a chemical reaction
Possibility for carbon capture and sequestration.

! A
Inverter SRR

Customer

Fuel Cell

Hydrogen Stack Load

Deliverable D39 D8.5 - Materials (presentations, Page 12 of 25
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Figure 9: ICI presentation — slide 21

Progress in Fuel Cell Systems: 12th Workshop 2019

IClI CALDAIE

GROWTH BY R&D v b
R&D - ICI Caldaie is involved in different international projects on efficiency heat production 5 7.
systems, micro-cogeneration system based on hydrogen fuel cells and chemical reactors » 4
development and manufacturing, system integration ‘ L

LY 'Y

Next generation SOFC solutions

/ MICROGEN 30
\Y e e |

Second Act
ecovapor
Fluid

HEXT_SI ACK CELL STAGE SOFC -

E"@‘m {nomco OxiGEN

2.3 Presentation #3: Status of the development and manufacturing of Sunfire-
Home

This presentation was created by SUNFIRE and presented by Dr. Tobias Seidel. It had 18 slides, which
were split into 2 sections:

i. company information, product and service portfolio, vision, and information on the Sunfire-
Home system specifically; and
ii. development undertaken during WP3 and WP5* within HEATSTACK.

*It should be noted that WP5 was ongoing at the time of the event (and this was one of the reasons
for AMD-12/AMD-13), so some achievements/results could not be presented.

A selection of slides is presented in Figures 10-13:

Deliverable D39 D8.5 - Materials (presentations, Page 13 of 25
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Figure 10: SUNFIRE presentation - slide 4

SUNFIRE-HOME:

Fuel Cell Heating System for European Market

- LCHP-System developed for households and two family
houses

- SOFC stack technology developed by Sunfire

- Continuing system development by Vaillant

- Fuel: propane (LPG) or natural gas

- Dynamical operation and start-stop capability

- Market entry in 2019/20 within EU supported Projects
PACE and HEATSTACK

- Available for other markets from 2021

v’ Efficient CHP-Solution for residential customers
without gas grid access

& st HEXTSTACK @/ Sunire-Home: Energy for the Future

Figure 11: SUNFIRE presentation - slide 5

INTEGRATION INTO HOMES

Sunfire-Home

la

¢ HEATSTACK ©
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Figure 12: SUNFIRE presentation - slide 12

WORK PACKAGE 3: INDUSTRIAL SCALE UP - SOC STACK

Manual glass seal process:
Tape casting
Calendering
Punching

Positioning + attaching

Automatable glass printing process

t.ne  HEATSTACK ©

Figure 13: SUNFIRE presentation — slide 13

WORK PACKAGE 3: INDUSTRIAL SCALE UP — SOC STACK

Process development for glass seal printing
Process design study
Development of a glass paste with tailored
rheology
Development of a stencil printing process
Evaluation in Stack manufacturing trials

Process Automation
Planning of a full / partially automated
production line for printed glass seal
Establishing of suitable quality control

. HENTSTACK ©
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2.4 Presentation #4: The Effect of Pre-heat Treatment of AluChrom 318 on the
Corrosion Behaviour and Cr Evaporation in SOFC Cathode Air Pre-heater

This presentation was created by UBHAM and was delivered by Kun Zhang. It had 16 slides, which
detailed a wide range of testing carried out during their investigations and research within HEATSTACK,
including:

o Effect of Time and Temperature on the Pre-treatment
e EDX: Surface Element Concentration

e XRD Analysis

e SEM/EDX Analysis

e Exposure Test

e Corrosion Testing-Mass Gain

e Cr Evaporation Test

e Surface Morphology After Exposure Tests

A selection of slides is presented in Figures 14-17:

Figure 14: UBHAM presentation —slide 3

= : UNIVERSITYOF
Pre-treatment for AluChrom 318 8 BIRMINGHAM

| e [ fel o lmn [ Al oni lsilowe |l w |  othes

Hf 0.06; Y 0.07; Zr 0.03;
Cu 0.03; C0.01; N0.01

AluChrom 318 |- RSP 0.21 358 0.24 032 073 2.02

= 3 o Pre-treat duration:
Variables: (1) Temperature; (2) Time. T/(=C) e &; d:: e;:m
800 °C: 1 hour, 2 hours, 4 hours. e o

000 °C : 1 hour, 2 hours, 4 hours.

1000 °C : 1 hour, 2 hours, 4 hours.

1100 °C : 30 mins, 1 hour, 2 hours.
Atmosphere: Air (No flow)

Time/(Hrs)
The expected effect of pre-heat treatment:

1.To form the stable a-Al,O, on the surface prior to exposure in SOFC environment;

2.To stop the Cr,0, formation in cold zone; ‘

3.To slow down the Al oxidation rate in hot zone.

HEATSTACK sl A
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Figure 15: UBHAM presentation —slide 10

e UNIVERSITYOF
Cr Evaporation Test BIRMINGHAM
NE A BIO'C_4hr e
S 0.008 4 ~w-200°C_1 tr . T Non-treated
- : o snpe SO
=~ 0.005 1100 °C_30 mins . . = |
S L 1 e 1100°C 1hr Y | 800 °C_1 hour 6.37E-03
g 0.004 = I 800°C_4hows  3.35E-03
g r A =
g 0.003 - l ! 900C_1 hour 3.38E-03
3 /| 2 .
£ 0.002 v -~ 900°C_4hows  1.98E-03
e
gooor{ / 1000°C_1hour  226E-03
( / . [ ] .
pp— . 1100°C_05hour  1.19E-03

T T T T T T T
20 40 60 80 100 120 140 160 180
Time (Hour) 1100 °C_1 hour 6.07E-04

o

Figure. Accumulated Cr evaporation as function of time for the non-treated and
pre-heated AluChrom 318 exposad at 850 °C in 3 vol% humidified air for 168 hours.

B
[T .

HEATSTACK i

Figure 16: UBHAM presentation - slide 12

S T - / . UNIVERSITYOF
Pre-treatment for single AluChrom 318 SRR
heat exchanger plate

Senior Flexonics UoB
Non-treated plate 1000 °C 1100 °C_1 hour

HEATSTACK T
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HEXTSTACK

Cr evaporation of pre-treated AluChrom 318 &g UNIVERSITYO!

single heat exchanger plate

B BIRMINGHAM

Non-treated plate
after exposure
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3 Other Materials — Progress in Fuel Cell Systems

Other materials were used to promote the event and HEATSTACK's participation, via several channels,
and these are all outlined in this section.

3.1 Progress in Fuel Cell Systems — official event publication

The official event publication had a poster-style cover (illustrated in Figure 18) that included
HEATSTACK's logo with those of the event organiser (UBHAM) and supporter (European Energy
Research Area):

Figure 18: Progress in Fuel Cell Systems — cover page

B

Workshop Series: Fuel Cell Systems
12" Workshop 2019

Progress in
Fuel Cell Systems

Novotel Brugge Centrum
21/22nd May 2019, Brugge (Bruges), Belgium
. - : v
BIRMINGHAM .ﬁ' [DEUS HEATSTACK
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Also included in the official event publication was an overview (shown in Figure 19) that referenced
HEATSTACK and the project’s source of funding.

Figure 19: Progress in Fuel Cell Systems — event overview

Progress in Fuel Cell Systems
Bruges, Belzinm 11/22 May 2019

Brief Overview of the workshop:

The current workshop will be the twelfth in the series that started off
with the Large SOFC project.

As usual we are looking at fuel cell systems — somewhat with an
emphasis on solid oxide, other high temperature technology, and
stationary applications — but not exclusively so. As time goes by,
interests broaden and in the past we have also had MCFC and
PEFC technology on board, including SOFC applications for aircraft.

Nevertheless, the common theme is fuel cell systems and their
components. One of the main reasons being that involvement of
companies manufacturing and delivering system Balance of Plant is
low in the fuel cell scene and we want to offer a platform for
exchanging information and experiences between the system
integrators, operators, and BoP suppliers.

Four presentations in this workshop will this time showcase results
from the HEATSTACK project which focused on the development
and industrialisation of cathode air pre-heaters for fuel cell systems.
Again, the workshop will be part of our activities in EERA, the
European Energy Research Area, that is trying to establish a low
TRL research programme to underpin the activities of the FCH JU on
a European scale.

Presentations will take about 20 minutes with an added 10 minutes
for questions and discussions.

The workshop will be followed by the BALANCE workshop on 22/23

May, looking into reversible SOC (SOFC/SOE) operation.
Participants are welcome to also register for that event.

The evening programme will consist of a walk through town or a
museum visit (t.b.c. and depending on the weather), followed by a
traditional Flemish dinner in a nearby restaurant. Anyone arriving
before 19:00 h on the Monday is welcome to join for a stroll through
town and a visit to a 100-Belgian-beers pub.

The HEATSTACK project has received funding through the FCH 2
JU under contract number 700 564.

The other promotion of HEATSTACK within the official event publication was the agenda (displayed in
Figure 20), which listed the presentation titles and speaker names.
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Figure 20: Progress in Fuel Cell Systems — event agenda (part of, relating to HEATSTACK)

FC System Components | HEATSTACHK results
1930 — 12-00 Status of the development and manufacturing of Sunfire-Home — Tobias
e Seidel, Sunfire
. 5 (3as/3as heat exchanger for process intensification — Garo Tregambe, 1G]
12:00— 12:30 ;
Caldaie
12:30— 14:00 Lunch
; Design and manufacture of Cathode Air Pre-Heaters — Chanlbie Penny, Senior
14:00 — 14:30 )
Hexonics
1430 — 15:00 Chramium release and comosion on SOFC heat exchangers — Kun Zhang,
T Linfversity af Bimingham
15:00— 15:30 Coffes break
15:30 - 18:00 |HEATSTACK panel discussion - Charie Penmy, Semior Rlexonics

3.2 Promotion via HEATSTACK’s channels

PNO promoted the final event via the project website because this channel is open to all, i.e. does not
require an account (like LinkedIn or Twitter). The event agenda was uploaded to the Public Materials
section prior to the event and the presentations post-event.

HEATSTACK website news article:

http://www.heatstack.eu/news-and-events/heatstack-presentation-final-project-results/

LinkedIn was also used due to the professional nature of the platform and its users. Twitter was also
used to share the news article created for the project website and the post created for Linkedin.

HEATSTACK LinkedIn post:

https://www.linkedin.com/pulse/12th-progress-fuel-cell-systems-workshop-heatstack-project

HEATSTACK Twitter promotion:
https://twitter.com/HEATSTACK EU/status/1128726224094859266?s=20
https://twitter.com/HEATSTACK EU/status/1128956500972625921?s=20

3.3 Promotion via project partners

All partners that participated in the event promoted this via their own channels and networks,
including sending out invitations to relevant stakeholders. Due to GDPR compliance, we cannot provide
a list of people who were invited in this document given its status as public (“PU”).

As the organiser of the 12" Progress in Fuel Cells Workshop Series, UBHAM were able to use their
website to promote the event and this included references to HEATSTACK similar to the official event
publication (see above, subsection 3.1)
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3.4 Photographs

The final material from HEATSTACK's final event were the photographs taken, a sample of which are
included in this subsection.

The photograph in Figure 21 shows Prof. Dr. Robert Steinberger-Wilckens introducing the agenda for
the whole event at the start of the first day. The photograph in Figure 22, which was taken later that
day, shows ICI’s presentation during HEATSTACK's final project event.

Figure 21: photograph from 12t Progress in Fuel Cell Systems (1)
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Figure 22: photograph from 12t Progress in Fuel Cell Systems (2)
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4 Hannover Messe 2019

As noted in subsection 1.1, the consortium chose Hannover Messe 2019 in support of our final project
event. This was chosen because it provided a more commercially-focused event with a much higher
attendance (thousands across each of the 3 days), and which was taking place at a similar point in time
(to both the 12™ Progress in Fuel Cell Systems event and the then project end date of HEATSTACK).
Thus, the project was included within SUNFIRE’s booth in the exhibition hall with representatives from
both SUNFIRE and SFC present.

Rather than presentations, the main materials used here were the technology itself (a fuel cell stack)
and the project brochure — these are shown in the photograph in Figure 23:

Figure 23: photograph from Hannover Messe 2019

HEATSTACK's online channels were also used to promote the project’s participation in this event.

Website: http://www.heatstack.eu/news-and-events/hannover-messe-2019/

Twitter: https://twitter.com/HEATSTACK EU/status/1111669376300781569?s=20
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5 Conclusion

The final project event for HEATSTACK is considered a success given both the quality of the
presentations and the relevance of the audience at the 12" Progress in Fuel Cell Systems Workshop
Series, which included both academia and industry. Organisations present included Delft University of
Technology (The Netherlands), Politecnico di Torino (Italy), University of Loughborough (UK) and VTT
Technical Research Centre (Finland) from the research community, as well as commercial organisations
such as AVL (Austria), Borit (Belgium) and Ceres Power (UK).

Therefore, the final project event has met the requirements of the DoA. This event, as well as Hannover
Messe 2019, also contribute to the overall aim of WP8 (Dissemination, Exploitation and
Communication) and the specific objectives within it.
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