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PROJECT OVERVIEW

Cell3pitor

= Call year: 2015

= (Call topic: FCH-02.6-2015: Development of cost effective manufacturing technologies for key components or
fuel cell systems

= Project dates: 01/07/2016 —31/12/2019

= % stage of implementation 01/11/2018: 70%

= Total project budget: 2,191,133.75 €

=  FCH JU max. contribution: 2,180,662.50 €

= Other financial contribution: 0 €

= Partners: DANMARKS TEKNISKE UNIVERSITET (DTU), FRANCISCO ALBERO S.A. (FAE), 3DCERAM (3DCERAM),
Promethean Particles Ltd. (PROM), University of La Laguna (ULL), SAAN Energi A.B. (SAAN), HyGear Fuel Cell
Systems B.V. (HFCS) and FUNDACIO INSTITUT DE RECERCA DE L'ENERGIA DE CATALUNYA (IREC)




PROJECT SUMMARY

Objective

Development of 3D printing
technology for the industrial
production of SOFC parts (inkjet)
and stacks (SLA+Robocasting).

Intermediate goals

* Printable inks and slurries

 Multi-material ceramic 3D
printer

* Single-step sintering

CDF simulation of
the SOFC stack

Cell3pitor

Global positioning vs SOA

Cell3Ditor State-of-the-art

Multi-material
ceramic 3D printer

N/A

Printable inks and
slurries of advanced N/A
ceramics

3D printed SOFCs N/A

SOFC stack 3D printing of Single-steps
CAD design the SOFC stack sintering

Application and market area

Commercial segment of the
stationary fuel cells market
 Huge potential

 Highly heterogeneous

Selected target market: Europe
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PROJECT PROGRESS — Printable inks & slurries of functional ceramics

Functional

G IURER I ceramic powders || . .....
& slurries

Or precursors
25% 50% 75%

Slurries preparation for SLA process and robocasting
 Formulation (YSZ, NiO-YSZ, LSM, LCTM & sacrificial)

 Rheological analysis
* Printability and Photo-curing properties

Inks preparation for inkjet printing

* |n-situ synthesis (YSZ, LSM, NiO-YSZ)
 Rheological analysis
* Printability
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PROJECT PROGRESS — Multi-material ceramic 3D printer

: Single material Multi-material
3D printer 3D printer

25% 50% 75% 100%

3D printer with multi-material capabilities
 SLA printer (YSZ) upgraded with robocasting (+4 materials)

 Multi-material Software upgrade
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PROJECT PROGRESS — Multi-material 3D printing process

Achievement to-date

Single material ) Multi-material
printing printing

25% 50% /5% 100%

Multi-material 3D printing e —
Nano-YSZ/NiO-YSZ
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 SOFC parts by inkjet (functional layers on commercial substrates)
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 SOFC SRU and stacks by SLA+Robocasting
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PROJECT PROGRESS - Single-step sintering

. Single laver Co-sinterin
sintering whole stack

25% 50% /5% 100%

Single-step sintering of the whole SOFC stack

T....YSZ (SLA)~1250°C

T (°C)

SR Nl
IQ'(I]U‘ 8?0 | 7?0 | 6?0 | 5?0 . 4?0 ‘ 3?0' SRR P N ?h:;’ ‘!'.‘:@;&;fi‘,;: -
2. 075eV ) — 5 A S YSZ (SL
o 071 eV O R, o
P
o 085 ey CATHODE
=
=
3 - - - Tosoh
2] |—-—crTA
MPS
o 1450°C s
o 1300°C )
0
lomes] _ SSEY | SV-YSZ (Rob)
0.8 1.0 1.2 1.4 16 1.8 _ N " T

-
N
P
-

1000/T (K'1) . S k "\EW'W S

IONIC CONDUCTIVITY SLA YSZ PRl YSZ (SLA)




Risks and Challenges

Printable inks & Multi-material 3D

slurries printing process

Risk Risk
* Multi-layer architectures

 UV-absorbing
UEICEHELS
Mitigation
Mitigation * Laser machining
* Photo-thermal curing

Single-step 3D printing of
sintering SOFCs

Challenges Risk

 Low yield of inkjet

Cosintering e Small fluidics (cleaning)
Compatibility of dense
and porous structures Mitigation
Minimize tensile-stress  Robocasting
e Sacrificial material



Communications Activities

Cell3pitor
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Multiceramic 3D printer at
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https://twitter.com/cell3ditor?lang=en
http://www.cell3ditor.eu/
https://www.researchgate.net/project/CELL3DITOR-Cost-effective-and-flexible-3D-printed-SOFC-stacks-for-commercial-applications
https://www.youtube.com/channel/UCLBjbtdeN454YYsftZPkKQw

Dissemination Activities

8 Energy & :
Environmental cou%..

Science

" Three dimensional printing of components
and functional devices for energy and

Conferences
environmental applications
Plenary/Keynote: 2 et i e 5 e

Invited: 4 Dissemination
Oral: 9

Posters: 7
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3DCERAM presented the Cell3Ditor project at the
professional fair "Ceramic Network 2017"
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EXPLOITATION PLAN

Exploitation

 Protection of the IPR: development of a Plan of Use and Dissemination of Foreground (PUDF), application for patents and

&
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adoption of a ‘protecting before disseminating” policy.

 Exploitation of outputs: generation of specific business plans for exploitable outputs (assessed by SSERR and Innovation Radar).

3D printing of functional ceramics

Strengths Weaknesses
o~ 3D Printer Manufacturers —— »~~— 3D Printing Services = (~ 3D Scanners y ¢ 3D Printing
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SOFC market share, by region iz
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3D Printing Communities =

@7 Compdmes) techniques
shapeways _ .
% Contact P""“’, itti hread
kA Ponoko” | info@venturescanner.com | FABFabbers & Opportunities Threads
[“ Supplysetter|£ S | ‘to saeal 257 comparies PR "'J'z“‘:teomlv'com J = Free to use inventions * Increased competition due to increase
r— 3D Printing Applications 3D Printing CAD Software 3D Printing Materials ~ ) : .
organovo ("7C0mpa ies) | (26 Companies) (17 Companies) + Asian and African market penetration in number of patent filing companies
TRUCTURED POLYMERS . M . e
D %’1“"@& 5! (@‘ Como ¥ caDspan. | S a . Commercial usage of technology at * Major giants in 3D printing has already
- Un'/\ prevuwe lm(m Ti & ;z\ mass manufacturing level started industry penetration
L - 32y CA . ) . . L.
.\-ll.-l“"v"" ‘? Matter.io reetz oLl 5" Lacoa 0 «  Development of bio compatible Time taken for printing
L =9 Eg u VlZUp ixt LQDDO'VCO”‘ materials *  Majority of the patents are owned by
major players EEEEDD:E%E%% DE’IO%E—E%EEE—‘%E
o O o O O o 5] o ko o 2 ¢ O
3D Printing Sector M S _ S3868582=2=26680b08E52253562888285%38 ¢
rinting sector viap. source. S WS L L WS HSEES L 2Ll Se S

- Primary markets, 2012 [MW] D Conversion markets, 2012 [MW] - Primary markets, 2012 [number of units] |:| Conversion markets, 2012 [number of units]

=== Share of new build to total addressable market [%]

Addressable Market for fuel cells in non-residential
buildings 2030

Venture Scanner SWOT analysis of 3D printing industry

of ceramics

 Creation of an Industry Advisory Board: to help on deployment and scalability issues.

PrometheanParticles
/\\__,A SOLID

Formulating solutions with nanomaterials @ C E R : M
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* Highly efficient conversion of fuels + H, *  Capital expenditure

into electric power and heat = Currently marketable only by subsidies
*  Availability of natural gas pipeline (not ,Chicken - egg” situation for cost and
in Japan) price

*  Significant reduction in CO,-emissions «  Power & heat are commodities

*  Low NOx- and SOx-emissions *  Immature H, infrastructure

*  lownoise * Insufficient awareness of stationary
» Decentralized power generation systems among the public

*  Technically mature

+ High reliability & low maintenance

»  Sufficient reduction of manufacturing * Economies of Scale not deducible

cost seems feasible *  SOFC-systems remain niche product
* Potential for increase in performance of »  Additional subsidies are necessary for
SOFC-systems is existing (life commercialization

expectancy, robustness, efficiency) * Political support and entrepreneurial

* International expansion will power available?

*  Low acceptance level due to safety
CONCEerns among consumers

SWOT analysis of SOFC technology
industry for stationary applications

Print3D Solutions

BOSCH .


https://www.solidpower.com/en/
http://hygear.com/

EXPECTED IMPACT

Impact
° IndUStry: B18678 EP/US/JP/KR/RU/CN/FR/UA HYBRID PRINTING PROCESS

* 3 Patent applications. | g20377 Ep/US/IP/KR/RU/CN/FR/UA SACRIFICIAL MATERIAL APPROACH
B20887 EP/US/JP/KR/RU/CN/FR/UA MULTIMATERIAL PRINTING

 Qutputs generated within the project already in the partners portfolio:
 Ceramic nano-dispersions: Promethean Particles Ltd.
 Extension of ceramic pastes in catalogue: 3DCERAM
 Multi-material 3D printer: 3DCERAM

 Environmental:
* LCA assessment:
o Reduction of waste material
o Reduction of energy consumption
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Cerame-Unie Conference Brussels,
e Social: November 2017

 Growing awareness about 3D printing for energy
* Influence policy makers

Cell3Ditor activities at the National Science Days
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Setmana de la Ciencia

www.setmanaci

s PRINT YOUR ENERGY: L'IMPRESSIO 3D APLICADA A DISPOSITIUS

Article devoted to Cell3Ditor NOV CERAMIGS APLICATS A LENERGIA
exposed at the Bilbao Fair 2017
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