henning zoz

my email signature

CEO, Father of Five & Nanotechnologist, Doctoral Degree in Advanced Technology CIITEC/IPN, Professor
in Mexico & Japan till 2014, Manager of the Year in SW/Germany, Patents & Innovation Awards.

no trash on this planet but material

make more with less

photo 2023-01-24 Stockhutte

IV

HKP nanomaterials / nanostructures in non-religious clean- green- & hightech
for transportation, energy & economy, from super-concrete to nuclear.

Zoz Group, D-57482 Wenden, Germany

Kpmi

orean Powder Metallurgy Institute
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15! Int. Symposium Hydrogen & Energy
22.-27.01.2023, Emmetten, Switzerland
contact: Prof. Dr. Andreas Zittel

H2-Barbeque & H2-Cremation, bypassing fuel-cell

conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy.
Henning Zoz?!, Shengyu Lai?, Albert Hesse?

1Zoz Group, Wenden, Germany,

2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany

todays content
What is Stockhutte ? (video, 2min) What is Zoz ?

upfront relevance:

(@) HT & HT/nuclear materials - Zoz-PM2000, PM2017, PM2018 (19YAT, 20YAl, 14YWT)
(b) H2T - Hydrolium®, H2Tank2Go®, IronBird|Stromkoffer, P2G2F®, P2H®

(c) present cremation process, not so totally advanced

discussion:

(d1) H2-Cremation (H2F2Go), substantial improvements & innovation, why cash printer.
(d2) H2-Barbeque (H2Grill2Go), heats your home and drives your vehicle, not just grill.

call for feedback:

(all) patrons & multipliers - politics, society & economy — green innovation from Germany
(d1+d2) H2-Burner

(d2) cost effective energy low-intensive O2-storage without compression

(d2) cost-effective electrolyser 0.5-1kg H2 DLY

(e) alternative natural rubber from banana skin, Fraunhofer-IME+Zo0z

appreciation & invitation
15th HES & OZ-24

http://hesymposium.ch/

15th INT. SYMPOSIUM
HYDROGEN & ENERGY

22. - 27. January 2023
Seeblick H6henhotel,
Emmetten, Switzerland

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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www.zoz.de - high kinetic processing & nanostructured materials
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Zoz Technology Center
Raiffeisenstrasse 17 | D-57462 Olpe
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www.zoz.de

Z0z manufactures

Simoloyer® up to 900l vessel vol.

A
DRM and other up to 20.000I vessel vol.

But also lab-scale/table top equipment e.g. latest delivery to Switzerland:

g{;ﬁﬁp D 57482 Wenden + Germany



WWwWw.zoz.de

latest delivery to Switzerland — December 2022, 4x RM1

JS ) M BTG B Wi | mmma =&
iR Rollermill RM1s Roller-Mill RM20 Grinding Vessel for Rollermills
e R et o e sk e SRR S S

www.zoz.de s e oy S www.zoz.de e ey S www.zoz.de

www.zoz.de

Roller-Mill RM1 Roller-Mill RM1s Roller-Mill RM20 Grinding vessels

gez,&’,p D 57482 Wenden + Germany



4 Eciniopi. | since 2022 | Zoz DeutscheFarben
= | pnzozie B

ductile metal flakes =i

of all
[Al], [Ni], [Cu], [Pd], [Ag], [Au], [Pb] | [Ti], [Fe], [Co], [Zn], [Mo]

1 [Ag}\\ ) \ RN

Zoz DeutscheFarben @l Zoz DeutscheFarben @ Zoz DeutscheFarben
ZN-AL202-ZF AU202-F CU101-CF
Zink Spray Coating Gold Spray Coating Copper Spray Coating
contains Zoz Nanostructure contains Zoz Nanostructure contains Zoz Nanostructure

(ultra-thin Ductile Metal Flakes) (ultra-thin Ductile Metal Flakes) (ultra-thin Ductile Metal Flakes)
for ultimate corrosion protection for ultimate brilliance effect high temp. lubricant + conductive

’g‘ loyer®
- Zoz DeutscheFarben [l Zoz DeutscheFarben | Zoz DeutscheFarben
 comventional P 2P - ; PTFE-101 C102-P CLEAN-101
e dsparsabi WP ' = 3 Solid Lubricant Coating Black Spray Coating All Clean Spray
7 » ~ - contains Zoz Nanostructure contains Zoz Nanostructure contains Zoz Nanostructure

(PTFE + Mx composite) (PTFE + pigments composite) (friendly complex solvent)
for solid & clean lubrication for ultimate color experience everything cleaning at it's best

—zN-cP301
—convent tional ZFP coating T a0

corrosion rate in %

0 250 500 750 1000
test duration in h

semi-gloss
super flexible
soft touch top-coat

D 57482 Wenden « Germany




Zoz Center Siegen (ZCS), Tuesday-Excursion Nanostructure Symposium (last OZ-20)

e Mirror-finlsh o<
/ fast dryingess
ichekt decors

o !’Ch U ~‘\“‘ S 4

-

12th German-International
Symposium on Nanostructures
Mk 4-6, 2024

0&4 Germary

Zoz
Group
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Zoz-FuturBeton-Eagle

green nanotechnology for foyer/garden/park and/or your building
high strength 3t CO2-low 3t super durability Xt super surface

Zoz DeutscheFarben
AUZ02-F
Gold Spray Coating

FuturBeton golden color FuturBeton natural dimensions 152 kg of “nanostructure”

Sales and Options
FuturBeton golden color EUR 999,00 + VAT
FuturBeton natural EUR 649,00 + VAT
sales and distribution via Frank Lessmann Co.

After the set-up of the public bridge Rosenthal and the establishment of the balustrade, the Zoz-
Eagle represents the first on-shelf available product and clearly demonstrates the possibilities of
FuturBeton in complex structures at high requirements on surface quality.

Technical Data, Dimensions

LxBxH 990 x 1135 x 1030 mm
net weight 152 kg
material FuturBeton C.1 (> 100 MPa) ; ;
curing time <15h AN\ Ty X RN 4
o — 3 K- 110 OPCC the bridge "Rosenthal™ at Olpe / 12 ton balustrade, Villa ZCS at Siegen / EuroNano Award 2013, FuturBeton in the BMBF
z-Saving g(*compared t0 OPCC) | Germany established on 14.11.2012  Germany established on June 21, 2013 Zentallium® & FuturBeton nanoTruck (2014)

g% D 57482 Wenden + Germany



Santuario a la Virgin de Guadalupe, Columbario Monumental
Sanctuary of the Virgin of Guadalupe, Monumental Columbarium

LIDE

EMPRESARIAL

2018: Mexican delegation @ OZ-18 at Wenden
2021: LIDER-cover

2022: start on ground at Zacatecas/Guadalupe
10 years "after" the Rosenthal Bridge !

burial chamber  20m
rising statue 60m

total height  80m

skin structure:
high-strength, extremely durable and CO2-low

FuturZement|FuturBeton,
green Zoz Technology from Wenden/Germany.

geﬁﬁp D 57482 Wenden + Germany



FuturBeton C.1

nanostructured cement/concrete

high strength 3§ CO2-low =¥ super durability

g Gfgf:p
s

Strafien.nrw.

the world's first public bridge made of
Futur High Performance Cement/Concrete
project-no. 03X0068A, BMBF

ﬂ Dyckerhoff “E.’é'c‘éﬂ‘mm nmL
h ZOlpe

-
FlCcHS

LUBRITECH

FuturBeton can build more

faster | sleeker | higher | cost-effective | durable | environmentally friendly

100 % ready to market

a technologically | >!! public bridge in Germany
b economically | >!! +7 €/ton as of 43.000 tons p. a.
c ecologically | >!! 20 % CO2 savings

Automotive

FuturBeton

cost of additionally saved CO2

678 €/ton-CO2

354 €/ton-CO2

cost advantage FuturBeton vs. OPCC

cost relevance

CO2 savings relev.

« 3-4x stronger (140 MPa)

« superior durability (95% GP)

* 20% CO2-emission saving

> all advantages for € 7,00 / ton

Federal Ministry
of Education
and Research

D 57482 Wenden « Germany

higher strength > less material SSES 1)
higher strength > replace steel SELS
higher early strength > build faster &S &4
higher durability > less material & 4
higher durability > build less often B854 (334
better surface (<] 4
CO2-savings in manufacturing (34 20 %
1441.2012 is FuturBeton more expensive ? *€ 7,00/ton *2012-10, DE
GER World Z0z
CO2-savings-potential (by FuturZement/Beton) [Mt] 4.95 158.4 Group
CO2-savings-potential (ditto relative) [-] 0.6 % 0.5 %




todays content

upfront relevance:
HT & HT/nuclear materials - Zoz-PM2000, PM2017, PM2018 (19YAT, 20YAIl, 14YWT)

15t Int. Symposium Hydrogen & Energy (] CrmmsYmrasium
A

22.-27.01.2023, Emmetten, Switzerland ISR
contact: Prof. Dr. Andreas Zittel 22.-27. January 2023
Seeblick Hohenhotel,
H2-Barbeque & H2-Cremation, bypassing fuel-cell Emumietten; Switzariand
conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy. -~ @
Henning Zoz!, Shengyu Lai?, Albert Hesse? [l @ "
170z Group, Wenden, Germany,
2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany http://hesymposium.ch/

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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7S :
{C)) EUROfusion

PROGRAMME MANAGER OFFICE

PROGRAMME MANAGEMENT UNIT

Prof. dr. A.J.H. Donné
Programme Manager

EUROfusion - Botzmannstr. 2 - 85748 Garchin

- German

Phone: +49 89 3299-4242/4201
Fax: +49 89 3299-4299
Tony.Donne@euro-fusion.org

Our ref.: TD/TD-22-29

Zoz GmbH Date: 16 March 2022

Prof. Henning Zoz
Maltozstralle
D-57482 Wenden
Germany

Letter of Acknowledgement
Dear Professor Zoz,

This is to confirm and acknowledge that the Zoz GmbH in Wenden, Germany, has been involved
already since many years in the European Nuclear Fusion Programme. Within the current
EURATOM Framework Programme, i.e., Horizon Europe 2021-2025, the Zoz company participates
as an industrial subcontractor in the EUROfusion project. Its contributions include R&D work and
services in the area of materials development for extremely loaded components, such as the first
wall of components facing the plasma in future fusion reactors, i.e., the breeding blankets. The
current contributions comprise:

* Development of a cost-effective large-scale mechanical alloying route for reduced activation
oxide-dispersion-strengthened (ODS) steel powders in the several tons range.

* Development of a scalable industrial processing route for tungsten alloy powders as semi-
finished products towards self-passivating “smart alloys”.

* Provider of products and services in the field of powder metallurgy, like for example, high

energy ball mills, mechanical alloying, design and construction of powder processing
facilities.

These services and contributions play an important role in the EUROfusion materials development
work package (WPMAT), specifically in the areas of High Heat Flux Materials (HHFM) and Steel
Development and Qualification (SDQ).

Yours Sincerely,

C) EUROfusion -
=

/f‘\\ .
()} EUROfusion
=2

ODS @Zoz

Large - Scale Manufacturing
Demonstration Facility Olpe

16.03.2022 Dxide Dispersic engthened

R

Yours Sincerely, t

Prof. dr. A.J.H. Donné TR o
Programme Manager

JET is a EUROfusion facility, hosted by UKAEA

EUROfusion

Programme NManagement Unit
Baltzmannstr. 2

85748 Garching

Germany

info@euro-fusion org
www . euro-fusion.org

EUROfusion receives funding
fom the European Commission
under Grant Agreement

No. 101052200

Page 10of 1

Zoz
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PM2018 (14YWT) from 2022 manufacturing

i §¢ Eﬁ 14YWT powder oz

14YWT powder (ODS) fi&i.
B i Bier (oD e

14YWT Pulver

[EEs W.,‘”m"‘
progise)

Tou: 1981000€

oo

brand chem. composition (starting mat.) | ID origin t. b. on shelf
PM2000 | Fe-19Cr-5.5A1-0.5Ti-0.5Y203 19YAT | ODS-PM | fine-grai/HIP only, D40XxL250mm | +SPS D105xH10-100
PM2017 | Fe-20Cr-5.5A1-0.5Y203 20YAl ODS-RR | powder only (AM, ALM, MIM)
PM2018 | Fe-14Cr-3W-0.4Ti-0.25Y203 14YWT | NFA-GE | powder only, sheets as of 2023
chemical (basic) compositions for on shelf (a) powder and bulk (b) bulk only (c) powder and bulk

www.zoz.de

Simoloyer® is a registered trademark of Zoz Group

ODS-19YAT (PM2000-Zoz) fine-grain/HIP D40x250mm, SPS
ODS-20YAI (PM2017-AM) powder (AM, ALM, MIM)
NFA-14YWT (PM2018-GE) powder only, sheets as of 2023
ODS-Ti6AI4VSIC (PM2019-EU)  powder only (AM, SLM)

17.10.2022, ZTC

g% D 57482 Wenden « Germany



ODS vs. NFA

FAST
METALLURGY

Enhanced sink strength: High density of nanoclusters
compared to typical ODS alloys

ORNL 14YWT Plansee PM2000
EFTEM Fe M Jump Ratio Map TEM Bright Field Image
AR . . 2 @
: - ‘ & - 4 ) V727-05c-2h-vac-SPS
L , 2019-09-27
PM2000 — forging pr. 3 x5 =15mm
Porsche M-GT4  2s for ea. 5mm def.- step
heating temp. 1.100° C
. . /18 s air.
B e
<
bt 100 nm

* 14YWT contains a significantly higher number density and smaller size
of Ti-, Y-, and O-rich nanoclusters compared to the YAG oxide particles
in PM2000 (and other commercial ODS alloys)

Karlsruhe Institute of Technology
YAT, turbine

Sy OAK Z0z-ARCI Center

- = Hyderabad

D. T. Hoelzer, Oak Ridge National Laboratory: On the Development of Nanostructured Ferritic Alloys for Advanced Fuel Clad Applications in Nuclear Reactors, OZ-16,
9th International | 9th German-Japanese Symposium on Nanostructures (2016), Wenden, Germany, proceedings vol. 9 p-no. V02, S02

g{;ﬁﬁp D 57482 Wenden + Germany



15% Int. Symposium Hydrogen & Energy
22.-27.01.2023, Emmetten, Switzerland
contact: Prof. Dr. Andreas Zuttel

H2-Barbeque & H2-Cremation, bypassing fuel-cell
conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy.

Henning Zoz!, Shengyu Lai?, Albert Hesse?
1Zoz Group, Wenden, Germany,

2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany

todays content

upfront relevance:
(a)
(b) H2T - Hydrolium®, H2Tank2Go®, IronBird|Stromkoffer, P2G2F®, P2H®

?j 15th INT. SYMPOSIUM
\Hj HYDROGEN & ENERGY

22. - 27. January 2023
Seeblick H6henhotel,
Emmetten, Switzerland

http://hesymposium.ch/

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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from zoz group

[ Zoz Energy is active since 2010 and to
date operates seven photovoltaic fields

~ Zoz Energy

« opportune utilization of EEG and holds about 12 hectares land for the
- oo construction of wind turbines. Assigned are
* shaping future energy == a PEM fuel cell plant in Siegen ZCS for
« renewable and baseload-able T electricity and heat supply (hydrogen
® & Jﬁ"‘:’l’ reforming from city gas) and an electrolysis
vRowecio Ses o sl (F2OS- RN B plant at ZTC in Olpe to supply hydrogen for
] wai E vehicle operation on success of the Zoz-

- . ZEV fleet.

A callux @

gc%fp D 57482 Wenden + Germany



Zoz ZEV fleet, OE-OZ-21 through OE-OZ-30

l‘.\lHlIIlIIIIll'H'Hi“:

\Hl\\lll\lllllllllllllI[’hH

ZTC with 0,2 MW solar power 40 kW Electrolyser at ZTC

P2G2F® is a registered trademark of Zoz Group

gg‘fgﬁp D 57482 Wenden + Germany



At A i 2013 P2G2F®
noriret ¥ wettorei® 2™ Power to Gas to Fuel

peutsC FAMMENR‘ Zoz Hydrogen Technology
DnereRNERE Nanostructures for Zero Emission Future Transportation & Energy

durcn R

nanostructured H2- solid-state absorber click'n'go system exchange at a tank automotive future Power to Gas to Fuel &
storage Hydrolium® tanks H2Tank2Go® H2Tank2Go® vending machine names Hydrogen Zero Emission Mobility
- environmentally - virtually pressure- - replacing tanks within - refueling e. g. at any - with 20 tanks you can - only makes sense if
friendly and cost less, safe, clean and seconds home depot drive your car energy is provided
effective lasting fossil-free

Hydrogen-Storage-Tank H2Tank2Go®
Reasonable energy storage for mobile & stationary use, superior safety level, existing infrastructure, brilliantly simple,
flexible multi-tank-operation, MOT-approval pending, no one has come so far.

Zoz Hydrogen Technology — Power to Gas to Fuel - P2G2F®

Make hydrogen mobility available, create an infrastructure, win new customers, generate energy emission-free, produce
& store hydrogen, drive with hydrogen & supply electricity.

R ST

g
0N by

Stomtope
L r

P2H® | P2G2F® | Hydrolium® | H2Tank2Go® | isigo®
| are registered trademarks of Zoz Group

o D 57482 Wenden + Germany



Simoloyer® | applications & products

H2-OnAirt

nanostructure in Zoz-Tanks
[Hydrolium®, H2Tank2Go®] and PEMFC’s (Zentallium®)

Electric Aircraft with Hydrogen Range Extender
project-no. EG 906, EUROGIA+/EUREKA

What is new

advanced and environmentally friendly aircraft
propulsion by a combination of solar cells, battery
and hydrogen fuel cell;

solid state hydrogen storage as well as the physical
combination with pressurized hydrogen for aviation;

fuel cell system provides electrical power for all
flight phases (not only for cruise);

cost-effective, lightweight fuel cell system;
standardized connectors for all kinds of hydrogen

tanks; AIRBUS

same tanks for aviation and ground transportation; GROUP

quick replacement of tanks rather than refueling on 7~ - eurogia+
board (new infrastructure strategy at revolutionary ﬁ

logistics and operative way of refueling); AIRBUS EADS

platform for later High Altitude Pseudo Satellites IFB
(HAPS) at combined Battery-Solar-FC-technology %/%4/}%

for very long term flight missions;

P2H® | P2G2F® | Hydrolium® | H2Tank2Go® | Zentallium ® gc%:p D 57482 Wenden * Germany

| Simoloyer® | are registered trademarks of Zoz Group



EADS-Bulletin “UP”, No. 6 — November 2012

Up To Planet EADS Nr. 6 [11-2012] pp 30-31

-t oo OM

e ]

The rapid development of alternative energy sources over the last decade is helping solve the question as to how to
achieve a similar or better performance without carbon dioxide emissions. With air traffic growing faster than any
other transport sector, EADS is examining the long-term potential of electricity and hydrogen as complementary

on-board energy sources.

Hydrogen is a clean energy source which is constantly evolving,
with 50 million tonnes produced annually and global demand in-
creasing by five to 10% per year. It is primarily used to refine heavy
hydrocarbons, but could also be a complementary energy solution
for air transport. This potential is the reason why EADS has de-
cided to launch a project based on a fully electric aircraft, partly
powered by on-board hydrogen fuel cells. devices thar rrancform
the energy contained in hydrogen and |

drogen storage by incorporating novel nanostructured materials.
Such structures at refined grain size and at the same time enlarged
grain boundary surface favour the sorption migration - in and out
~ of hydrogen atoms. This system will be provided by the Zoz
Group (see box), along with two fuel cells, while IW will be re-
sponsible for integrating the system in the flying platform and
testine this in flioh. The Aving platform itself, known as learé I,

ate of Aircraft Design at the Univer-

three-year programme is being develc sct team will also include the French
of EUROGIA+, a European Union p Research (CNRS).

international partnerships to advance

energy technologies. ch of genius

While this light plane will be equip
solar cells in its wings to provide the G R O U P
hydrogen fuel cell system will help e
range, allowing it to fly for 40 minul
120 km/h. “The key enabler for such a demonstrator is the devel-
opment of a solid-state hydrogen storage system,” emphasises Dr.
Agata Godula-Jopek, Fuel Cells Expert at EADS Innovation Works
(IW), the Group's research network. “This system can achieve
higher energy densities, meaning more efficient performance and
potentially longer runtimes, but currently has a more complex de-
velopment path,” she adds.

To overcome these difficulties, the storage system will be based
on an innovative technology which improves the kinetics of hy-

tte of Aircraft Design is also a factor

ly designed for full electric flight de-

:ssor Voit-Nitschmann (see box). Air-
bus is the main sponsor of this aircraft, which took its first flight in
May 2011, while IW is also involved. “The purpose of this project
is to better understand electric propulsion, which could become
relevant for commercial aircraft,” says Nikolai Kresse, manager at
Airbus Future Projects. Looking at the long term, the company
reaffirmed its ¢ i to inable mobility this Septemt
by engaging in the Clean Sky 2 programme from 2014 to 2020,
during which €3.6 billion will be invested by the industry and the
European Commission.

|

eGenius won the Lindbergh
prize for being the quietest
aifcraft during NASA's Green
Flight Challenge in 2011

“Not many years ago there were no electric aircraft
on the market, but since around 2000 there have
been dozens of projects and the trend is develop-
ing quickly,” says Kresse. The eGenius is a two-seat,
high-wing aircraft manufactured from fibre com-
posites. The electric motor, integrated in the verti-
cal tail, has 2 maximum continuous power of about
30 kW and a peak performance up to 72 kW at a
weight of just 27 kilograms. And directly behind the
pilots are four lithium-ion battery packs integrated in
the fuselage. “In the last year, we've learnt that elec-
tric propulsion is very efficient: eGenius only needs a
few kilowatts for a half-hour flight - you would use
more fuel just to power on a conventional aircraft en-
gine! Despite being a prototype, it is flying without a
hitch,” underlines Kresse.

Airbus is analysing the technical data from the
flights together with IW, who also have another team
focusing on the performance of the high-energy lith-
ium-ion batteries. “Industrialisation will depend a lot
on battery technology, and you can only guess how
this will develop 30-40 years from now. But flying
up to 500 kilometres with two people on board on a
full electric aircraft was only a dream a few years ago,
and now it is a reality with eGenius,” enthuses Kresse.
And while the transition to commercial aircraft is still
decades away, these alternative propulsion methods
are already making an impact in the aerospace industry.
Their use for next-generation UAVs or High Altitude
Platforms, for example, is currently being studied. “To
understand the real problems you cannot just work
on paper, you have to put your feet on the ground.
Demonstrators can be an efficient way to mature and
promote radical steps in technology, motivating re-
searchers, showing what is possible today and collect-
ing data to learn what may be feasible in the future,”
concludes Kresse. Alvaro Friera

"HYDROGEN IS THE
ANSWER"

Prof. Dr. Henning Zoz
President and CEO of Zoz Group

Could you explain the hydrogen storage system for the Icaré Il fiying platform?

With the scooter and car industry in mind, we are developing  simple and con-
veniently interchangeable system of small tanks of 0.9 litres each, where our goal
is that 23 of these H2Tank2Go® bottles could offer 2.25 kilograms of hydrogen.
This would equal 75 kW/hour, which moves a one-tonne vehicle 300 kilometres.
Now at the halfway stage, we can guarantee 50 grams of hydrogen per tank. For
the flying platform, however, we will probably supply just six or eight bottles and
the fuel cells in a parallel back-up system. Already on the 50g/tank basis, this will
be enough to triple aircraft's current range. Our plan is to have around 10 flights in
2013 and 2014 and | wish | could be the pilot on one of these flights.

A kilogram of hydrogen today costs between €6 and €15 and there are only
around 200 hydrogen-fuelling stations worldwide. What could be done to
make this market more attractive?

My company makes a good part of its profits from third-generation advanced
lithium battery' now, but hydrogen is th for humanity's energy
problem. We believe we have the solution to revolutionise the hydrogen refuel-
ling infrastructure thanks to our simple and small interchangeable bottle system.
Using this, we wouldn't need refuelling stations; we could replace and recycle the
bottles in vending machines, bringing the refuelling time almost to zero.

“WE'LL SEE ELECTRICAL
BUSINESS AVIATION*
Prof. Dipl.-Ing.

Rudolf Voit-Nitschmann
Institute of Aircraft Design, University of Stuttgart

What can you tell us about progress on electric propulsion?

We started electric flight in 1996, when nobody was doing it. While Icaré Il de-
rives from a solar-powered plane designed in 1994, eGenius is a follow-up of
an aircraft powered by a fuel cell system. We optimised the whole system for
electric propulsion, integrating the electric motor in the vertical tail to further
increase energy efficiency. The main advantage is that we have reduced power
consumption to 80%, as well as lowering noise and emissions. | think this tech-
nology could be available for business aviation in 10 years, while for larger air-
craft we will have to wait over three decades.

What are the advantages of collaborating with EADS?

It is important that industry, research institutes and academia partner to drive
technological evolution. Airbus won't build an airliner with electric propulsion in
the medium term, but will use our findings for further electric systems integra-
tion in their aircraft. Moreover, EADS researchers are also interested in trans-
forming this technology into products like UAVs. These vehicles could fly into
and out of the target area using a hybrid engine, while fulfilling the mission in
electric flight: a very low noise operation with no emissions and no heat, making
the UAV virtually undetectable.

Reporting here and above by AF

G%’,p D 57482 Wenden + Germany



H2Tank2Go® - shelling test @ German Armed Forces (Bundeswehr)

Shelling Tests of H2Tank2Go® at German Armed Forces
Nov. 2012, Wehrtechnische Dienststelle fur Waffen und Munition 91 (WTD 91), Schiel3platz Meppen

QUL
w0 B
gy

Bundeswehr <%/> GréuP

Ballistics tested with 12,7mm charge & 44mm hollow charge.

“...bei einer Hochdruck-Tankbatterie hat es die komplette Anlage
zerlegt. Mit so einer gewaltigen Explosion hatten wir nicht
gerechnet. Sogar Sicherheitsglas wurde durchbrochen und einige
Leute erlitten Schnittverletzungen...”

Other H2-tanks were shelled as well during these tests — one of
which (high-pressured H2-tank-array) caused an explosion that
severe, that even safety glass was pierced by debris and people
got injured (details of this incident remain confidential).

no safety issues with the H2Tank2Go® (as expected)

D 57482 Wenden + Germany



Z0z-xxX FuelCells

« economic FuelCells (PEM) for
tomorrow:

target cost: 1.000 USD / kW
EI eCtncal power (small scale, air-cooled up to 2 kW)

« goals & requirements
— precious metal saving
— prefabricated C-layer
— high performance CCM (1W/cm?)
— cost effective most simplified BPS
— automatic manufacturing
— strategic market impact

¢ mmw th IS IS fo rmed at We n d e n ! ref.: SGL Group, ,,Gas Diffusion Layers“, SGL Shanghai, September 2011

isigo®H2.0 is a registered trademark of Zoz Group g% D 57482 Wen d en Germ any



Development of low cost gas-diffusion-electrodes on the basis of CNTs/CNFs for application in PEM fuel cells

Die Landesregierung
Nordrhein-Westfalen w@
Lefp
2 Y o) Projekttréiger Jilich
EFRE.NRW

Forschungszentrum Jilich
T:C?SBﬂeﬂsocr;ea;t‘lgly\m/ZChStum German Federal Ministry of Education and Research
project no.: NW-1-1006 // 01.01.2016 // 3 years /I total cost: 1.318.977,00 €

Development of low cost gas-diffusion-electrodes on the basis of CNTs/CNFs
for application in PEM fuel cells

Entwicklung von Low Cost Gasdiffusionselektroden auf Basis von CNTs/CNFs
fur den Einsatz in PEM-Brennstoffzellen

Gelsenkirchen Bocholt Recklinghausen
University of Applied Sciences

thermi
Zentrum fir BrennstoffzellenTechnik e m ' c o g

t &5 44
GDL ACL PEM CCL  GDL
Hydrogen

geﬁﬁp D 57482 Wenden + Germany



2019-12, LOCOPEM, Zoz membrane forming & assembly device

Hydraulic Hot Press
for the manufacturing of
LOw Cost
Proton Exchange Membranes
(PEM)

Hot pressing

— semi-automatic

— easy handling (25cm space)

— pressure control

— temperature control

— easy cleaning and
maintenance

ol www.zoz.de

— pressure range
e 2-25bar

— temperature range
« 20-150° C

Funded by the European Union

EUROPAISCHE UNION EFRE.NRW Zo_z °
- ?Jfgggfgcigeu:’n;(e);edzsukunﬂ :I 2 0q n Investitionen in Wachstum g Group D 57482 We n d e n G er m an y

fur regionale Entwicklung und Beschaftigung




H2-tank system B4S-SM/MM

nanostructured reactive complex metal hydride
single/multi module e solid-state > 8 wt.%

high potential energy storage for the future
2LiBH, + MgH, — 2LiH + MgB, + 4H,

H2-storage: > 8 wt.%, > 80 kg H,/m?3 storage material
H2-loading completely reversible, H2-release thermally activated only !

Zoz m .1 BOR 4 :11: Helmholtz-Zentrum
:+ Geesthacht
g Group Europeer ‘ STORE eV RAMEOR ;e'ntre.for Materials and Coastal Research

FRAM
mmmmmmm GRAMN

-
H2 single-module tank B4S-SM consortium: , EU-project FCH JU 303428 [2012-2015]

LT
B 012 Zeo,
13 ety <7om

hnolrogyn T ‘

Hyd’°9En Teg
Centre Olpe

Solid State

Hydrogen Storsge 3 = | . " W | = iR o R ”T
e, l»'— P2 WL
- S8 M2 AN Ll___ J - »

7l S
Ry 10

P S—
———

complex metal hydride processing unit Simoloyer® CM100-s2; H2-tank system B4S-SM outside ZTC; and inside at HZG - Hydrogen Technology Centre

P2H® | P2G2F® | Hydrolium® | H2Tank2Go® | Zentallium ® g Zoz D 57482 Wenden o Germany

| Simoloyer ® | are registered trademarks of Zoz Group Group



http://www.bor4store.eu/

Die Landesregierung
Nordrhein-Westfalen

@ Nationale Organisation Wasserstoff-
und Brennstoffzellentechnologie

one 01.01.2017 // 3,8 years /I total cost: 3 M€ @
vollstandige Demonstration einer Wasserstoffkreislaufwirtschaft mit neuartigem,
wartungsfreiem und energieeffizientem Feststoffspeicherkompressor H, MOBILITY
phchiprndemiid

complete demonstration of a hydrogen circulation economy with a novel, maintenance- @ g
free and energy-efficient solid-state storage compressor

20z s s+ Helmholtz-Zentrum -

—Group Geesthacht ® 4
Centre for Materials and Coastal Research T
S —— (A42) - sl
. » = .GZ de 'l“‘-l @ Essen @ Dortmund
| ! - - znzn ' e .A"}f‘;”,)f:'
f mn "T.______ T- - = AL i
ey, g 1 L™ Z ..
P e P L ©® Wuppertal
) - - @ Hiden
A1 @zco
= B
y 9. )\o:n. m a T
: 4 (A4S @ Steger

Beispiel:

]
1
HydridA | HydridB Hydrid C
1550 | 50> 1 200> N
bar | 200bar | ~450bar A
1 ]

Wasserstoffkompressor auf
Metallhydridbasis

D 57482 Wenden « Germany



H2Truck2Go & H2-Turbine coming up

Bundesministerium
fur Wirtschaft
und Energie

(R BORGEN #
Eé] LANDKREIS H2-BLK
Wasserstoffregion Burgenlandkreis

Power-to-Gas-to-Fuel P2G2F®, H2-Circular-Energy-Economy H2C2E, P2H®

sess o / =/
g Zoz i denione i Y ~Eiermes o & 5
Group Centre for Materials and Coastal Research F=R.AMO Baukontor GmbH ﬁ—?:imidt ) HYU“DH' )

22 MWp PV + 40 WEAs ea. 250-500 KW to the right, Naumburg (Saale) Dr. Young-Lib Kim (KAMI CEO),

total installed power ~ 40 MW. Sachsen-Anhalt, Germany Dr.-Ing. InSung Chang Hyundai VP,
LEUNA-Werke in the back. brown-coal region, wine & beauty Prof. Zoz, 21.01.2019

ge%p D 57482 Wenden + Germany



C0O2-Scenario of IPCC

Why de we need green religion
If we can have green science !

A

geﬁ’ﬁp D 57482 Wenden + Germany



'.;4‘.' y EuroNanoForum
ety 2019

2019 By
Bucharest - Romania ny O'Carbon ac

nab|
NANOTECHNOLOGV AND Ies energy syster
ADVANCED MATERIALS
PROGRESS UNDER HORIZON 2020

i l ral Slement i,

AND BEYOND

. Imost there - what's next? ¥
1 " :
P o RS
\ || B
/ U‘“JE--_:" ﬂ

- ul

o P

“...what you have showed us, if | understand correctly, confirms what
| claimed here 2 days ago, that mankind for the next very many
years in all transportation, cannot drive more economic and more
ecologic, than with a diesel.” H. Zoz, EuroNanoForum 2019 (Prof.
Schlégel confirmed/agreed non-verbally).

ze‘fﬁﬁp D 57482 Wenden + Germany



Hydrogen transportation sector, even after decades, does not see
any significant products that can stand without permanent subsidies
and/or political market interventions, which is not acceptable.

gg‘fgﬁp D 57482 Wenden + Germany



Hydrogen transportation sector, even after decades, does not see
any significant products that can stand without permanent subsidies
and/or political market interventions, which is not acceptable.

No matter if the CO2-scenario is true or fairytale, fossils are too
costly and too valuable to just burn away.

g{;ﬁﬁp D 57482 Wenden + Germany



If reconversion (FuelCell) is still too costly, for the time being,
technologies where this is not required, are most attractive.

In result, the inventions Power Plant and H2F2Go describing
CO2-free Hydrogen cremation, were claimed where Hydrogen
is replacing fossil gas in a burner to producing heat.

Deutsches Deutsches
# |5 20, 09.2022 NI # | 5%nes v, 09 202 IUNNINININ
power plant 10 2022 122 862.2 H2 F2 Go 10 2022 122 863.0
GERMAN PATENT APPLICATION GERMAN PATENT APPLICATION
75 pages Incinerator with a radiant tube Thermoprocessing plant with a 76 pages
34 claims arranged inside the combustion hydrogen-powered heating device, 36 claims
chamber, modern cremation. sustainable cremation, CO2-free.
950 “: ’"*j I : l ":@ @D. 2 =N 5 '%' f b
= —ip T = J @@ i e o
P S— _I“ § e ——
X s d = fh g2 ———
Albert Hesse == _Z0z Albert Hesse =T Z0Z
Familienstiftung ——_ =/l Familienstiftung =1 Group

strategic division

D 57482 Wenden

Zoz
Group

« Germany



15% Int. Symposium Hydrogen & Energy
22.-27.01.2023, Emmetten, Switzerland
contact: Prof. Dr. Andreas Zuttel

H2-Barbeque & H2-Cremation, bypassing fuel-cell
conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy.

Henning Zoz!, Shengyu Lai?, Albert Hesse?
1Zoz Group, Wenden, Germany,

2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany

todays content

upfront relevance:
(a)
(b)

(c) present cremation process, not so totally advanced

?j 15th INT. SYMPOSIUM
\Hj HYDROGEN & ENERGY

22. - 27. January 2023
Seeblick H6henhotel,
Emmetten, Switzerland

http://hesymposium.ch/

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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critical issues towards cost & technology
No. 1 exhaust air purification
No. 2 thermoprocess (discontinuous)

B main-cc

| coffin after
8 chamotte

\ water shower |

)

photo credit — Bote -'~ Urschweiz

ﬁ'to credit — Krematorium Luzern

critical regulations (a) & (t)
No. 1 crematorium flame ban ! No cremation without wooden coffin !
No. 2 temperatures main-cc min 650°C, afterburner-cc 850°C for 2-3s min.

combustion chamber, authority, temp. processing times (main-cc) reported from 1.5-4to 6 h

gg’;ﬁﬁp D 57482 Wenden + Germany



15% Int. Symposium Hydrogen & Energy
22.-27.01.2023, Emmetten, Switzerland
contact: Prof. Dr. Andreas Zuttel

H2-Barbeque & H2-Cremation, bypassing fuel-cell

conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy.
Henning Zoz!, Shengyu Lai?, Albert Hesse?
1Zoz Group, Wenden, Germany,

2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany

todays content

upfront relevance

(a)

(b)

(c)

discussion:

(d1) H2-Cremation (H2F2Go), substantial improvements & innovation, why cash printer.

?j 15th INT. SYMPOSIUM
\Hj HYDROGEN & ENERGY

22. - 27. January 2023
Seeblick H6henhotel,
Emmetten, Switzerland

http://hesymposium.ch/

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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over-mortality
(no matter if caused by Covid or Corona-politics)

Statistisches Bundesamt, Germany, October 2022: over-mortality
+20% (slight under-mortality in 2020).

unfortunately further rising of over-mortality is expected
worldwide.

political ban of fossils also in cremation
Netherland as of 2030 expected, other nations to follow.

most frequently government technology
not so innovative, Clean-/GreenTech to come.

cemeteries at critical occupation
coffin-burial might come to an end.

geﬁ’ﬁp D 57482 Wenden + Germany
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firing temp., electrodes & heat radiation tubes
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H2F2Go [37]

Power Plant + Hydrogen = H2F2Go = human, efficient and environmentally friendly cremation

Dignity piety respect | ideal hydrogen combustion | CO2-free | thermodynamics | isolated heating circuit | gas equation | ideal
convection | no cross-contamination in the gas phase | no hazardous waste disposal | vacuum/turbine technology | high-
temperature materials from nuclear fusion | graphite electrodes and silicon nitride | lime water conversion | double wall vs.
afterburner chamber | energetically ideal HT-operation | mechano-chemical mercury vapor absorption | high-kinetic thermal
process | exhaust gas minimization through EG-recirculation | lightweight design | mobile HT-sensors | enormous energy and time
saving | green hydrogen | circular energy economy.

ODS-19YAT (Zoz PM2000) and ODS-19YAI (PM2017)
Power-to-Gas-to-Power (P2G2P)
Cremation as a by-product of temporary storage of so-called renewable energy.

} 3

P2H® and P2G2F® gez,gzp D 57482 Wenden + Germany

are registered trademarks of Zoz Group



H2F2Go [37]
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H2F2Go [37]
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H2F2Go [37]
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H2F2Go [37]

Option A1 -bester Nachbrenneffekt I Option A2 -bester Feststofftransport |
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H2F2Go [37]
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/ Option A2

bester Nachbrenneffekt

bester Feststofftransport
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109
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115
116
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Verdichter
Warmetauscher
Pilot-Zyklon
Zellenradschleuse
Filtertuchadapter

Kompensator (2)
Staubgasfilter
KF-Rohrleitung
BeruSLR DN125
Warmetauscher

BeruSLR DN125
Turbine Zoz-WK
KF-Rohrleitung
Heizkraftwerk
Turbo-ESSE

SKV710-DN100
WT100-1500
ZK250-L
ZS100m
DN100-FD470

KMS160-330
DGF160-730 TriV
DN125-KF
125-63-25-900
WT125-2000

125-100-63-450
SKZ900-DN 140
DN63-100-KF
n.i. LU

n.i. LU

Abfall kontaminiert
pietatslos
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H2F2Go [37]
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H2F2Go [37]
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15% Int. Symposium Hydrogen & Energy
22.-27.01.2023, Emmetten, Switzerland
contact: Prof. Dr. Andreas Zuttel

H2-Barbeque & H2-Cremation, bypassing fuel-cell

conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy.
Henning Zoz!, Shengyu Lai?, Albert Hesse?

1Zoz Group, Wenden, Germany,

2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany

todays content

upfront relevance

(a)

(b)

(c)

discussion:

(d1)

(d2) H2-Barbeque (H2Grill2Go), heats your home and drives your vehicle, not just grill.

?j 15th INT. SYMPOSIUM
\Hj HYDROGEN & ENERGY

22. - 27. January 2023
Seeblick H6henhotel,
Emmetten, Switzerland

http://hesymposium.ch/

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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Adjust bott c
n bottle a regulator 1o 150kPalg)

v clicks
light the burner

match on the right
not occur

burner, follow as in 3

cloar. Refor 1o Instructions for ventilating requirem

GAS TYPE HYDROGEN

Jet Size mm
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er to Local Gas Authority for gas type
! STORAGE AND CYLINDER EXCHANGE DISCONNECT THE
INDER ONLY. DO NOT DISCONNECT HOSE FROM THE APPLIANC
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BARBECUES

H2Q

Hydrogen powered barbeque HOT PLATE: 250°C
Maximum surface temp.
- Self-igrition and flameless
combustion
- No hydrogen and oxygen
premixing, thus na possiollity for
explosians

Catalytic bed converls

hydrogen and
oxygen, forming
heat and water

The sole emmission
from this process
is water

BBQ powered by
hydrogen
cannister

200 LITRES oF HyproGeN

prov.ding a cook ng time of TEMPERATURE CONTROLLED
'24 ours, by adjusting the f ow of hydr

MERLIN

Materials Energy Research Laboratory in nanoscale
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https://www.heatlie.com.au/hydrogen-bbq
https://merlin-h2.com/energyh/h2q/

H2Grill2Go

B | 2w g7 12 2022 IINIITHIENDI

H2Grill2Go 10 2022 132 525.3
GERMAN PATENT APPLICATION

Hydrogen-Gasgrill with Electrolyser
and self-sufficient Energy Generation,
CO2-free.

T 3
“
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[ —h ]
P "
% T | (REE
e | "
=)
[ " 1z
"

Familanstiturg. =507
just GRILL ? NOT just GRILL !

H2Grill2Go does charge your mobile and heats your home,
all you need is sun, wind and rain (and beef).
no more carrying gas-bottles, det+haveenroughgas?

HydrogenGasgrill + Electrolyser + H2Tank2Go® = Power to Gas to Heat + Power

-- E arrived from Zhongshan City #09.01.2023
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If industrial countries such as Germany are worried about "getting through winter", this also
describes an unprecedented high demand for energy self-sufficient systems for all areas of life.

HydrogenGasgrill + Electrolyser + H2Tank2Go® = Power to Gas to Heat + Power

D 57482 Wenden « Germany
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Ola Gasgrill, energy requirement & capacity

5kg C;Hg (propane)
bottle vol. 21 liter
D230 x H505 mm
net-weight 5,6 kg
65 kWh approx.

)

required good for 5GS/week >
13 kWh/week > 1,9 kWh DLY

good for 25GS
(grill-session)

2,6 kWh/GS

Olc Grill Expert3claims

propane consumption at Grill: 750g/h

> 5kg propane-bottle fires gasgrill for 6,6h.

At 25GS, 25min/GS remain. Bratwurst burned
in 10min, Steak welldone after 15min. Match !

&% D 57482 Wenden + Germany



02 Energy generation onboard

H2Grill2Go carries a small wind-turbine under each of the 2 tables. Total max. power is about 100W, at 30% performance, this results in 0,7 kWwh DLY.
Both tables are covered with sandwich-element Ceran/solar-foil/Ceran, total surface is about 0,4 m2 resulting in max. another 100W. At 10% performance,
this provides 0,25 kWh DLY. Resulting total onboard generation is max. 1 kWh DLY representing half of the net-requirement !

2x sandwich Ceran/solar-foil/Ceran on tables.
Total surface 0,4 m2 > max. 100W x 10% performance
> 0,25 kWh DLY

2 small wind-turbines underneath tables.
2x 50W = 100W x 30% performance
> 0,7 kWh DLY

1 1:) |

Resulting total onboard generation is max.

1 kWh DLY

representing half of the net-requirement !

ze‘fﬁﬁp D 57482 Wenden + Germany



03 Energy generation adapted

Portable wind- and solar energy devices for adaptation via socket to buffer-battery. Helixrotorturbine at rotor-dimension D700xH900xhight on a 1,6 m
support provides 800 W max. At 30% performance, this results in 5,7 kwWh DLY. A foldable solar system with an effective area of 1 square meter delivers a
maximum of 250 W. At 10% performance, that would be 0.6 kWh per day. In total, a maximum of 6.3 kWh DLY could be generated onboard, thus three
times the net requirement.

portable solar energy module adapted, portable wind energy module adapted,
1 m?, max. 250W x 10% performance max. 800W x 30% performance
> 0,6 kWh DLY > 5,7 kWh DLY

onboard generation adapted generation

max. max.
1 kWh DLY 6,3 kWh DLY
half of the net- 3 times net-

requirement !

requirement !
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04 Result Grill Energy
(02) + (03) provide up to 7,3 kWh DLY at estimated net-requirement of 2 kWh DLY. At total energy losses of 60%, still 4,4 kWh DLY remain, covering the
requirement twice. Okay.

onboard generation
1 kWh DLY

adapted generation
6,3 KWh DLY

onboard + adapted > 7,3 kWh DLY
. 60 % energy losses
> 4,4 KWh DLY at 2 kWh requirement v/

gcﬁgﬁp D 57482 Wenden + Germany



05 Hydrogen storage capacity (10x H2Tank2Go®)
1 kg Hydrogen provides 33,33 kWh which equals to about 3kg/4l gasoline.
Acc. to (01), net-storage requirement is estimated at 13 kWh. Resulting
gross 21 kWh. Thus 630g Hydrogen needs to be stored. H2Tank2Go®
(0,951 at 4,3 kg) stored a theoretical value of 100g, achieved today about
65g Hydrogen. Thus the capacity of 10x H2Tank2Go® s required, in total
10 liter at about 35 kg.

1 kg H2 - 33,33 kWh (= 3kg/4l gasoline)
net storage required 13 kWh - gross 21 kWh -

630g Hydrogen needs to be stored.
H2Tank2Go® (0,951/4,3kg) stores 65g H2 (100th) >
10 x H2Tank2Go® required,

6509 H2, total vol. 10 liter adds 35 kg to Grill.
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06 Hydrogen Storage, pressure vessel vs. solid state absorber

Storage in a gas pressure tank fails due to low outlet pressure of the electrolyser <100bar. Hydrogen has a density of 0.0899 g/l or kg/m3 at 0°C and
1.01325bar (1013hPa, ICAO standard). If a gas pressure tank could be loaded at 100 bar with an electrolyser and if hydrogen gas would behave ideally up
to 100bar, a 1-liter pressure tank would contain approx. 9g of Hydrogen, which is around 7.2 times less than the H2Tank2Go® solid state storage tank .
Acc. to the state of the art, available small electrolyser as suitable for a grill, deliver an output pressure of 30-50bar where the achievable pressure in the
vessel in daily operation is another 10bar lower. In result, a maximum of 3g of Hydrogen could be stored in a 1-litre pressure vessel, which is 20 times
less. In order to store 630g, a pressure vessel volume of about 200l would be required, which exceeds the space available for a grill. Gravimetric, a 200l
gas pressure tank would weight less than a comparable 10l solid state storage tank, however volumetric, the gas pressure tank presents no alternative. In
contrast to the compressed gas tank, the solid state storage tank requires a significant supply of heat for discharge, which is available as waste heat from
the combustion process (barbecuing/heating).

Electrolyser Hydrogen H2-pressure tank (11) H2Tank2Go®
outlet pressure <100bar, density (p) 0.0899 g/l or kg/m3  100bar > ~ 9g H2 0,951/4,3kg - 659 H2
available 30-50bar, at 0°C/1013hPa ~ 1.01325bar  20-40bar - ~ 3g H2 10 x H2Tank2Go®
at vessel 10bar lower (ICAO standard). 630g H2 - ~200I vol. 6509 H2, 101/35kg
= e : ; , _
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07 H2Grill2Go, capabilities
(02) + (03) provide up to 7,3 kWh DLY at estimated net-requirement of 2 kWh DLY. At total energy losses of 60%, still 4,4 kWh DLY remain, covering the

requirement twice. Okay.

charge your mobile heat your home power to your ZEV
(at buffer battery) (at ideal H2-combustion) (power any via IronBird)

mobile 5 Watt
notebook 10 Watt

H2Tank2Go®
click'n'go system

-

ome-power

h
Nption in/out
YN
IR P—

H2Grill2Go
may be used for barbeque
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H2Grill2Go

08 cost add on, initial estimate

at mass production

unit

net cost [€]
mass production

water filter 10
electrolysis, gross 150g DLY cost is 250 Euro 175
operation management electrolysis 20
10x H2Tank2Go® 800
generators onboard 100
buffer battery 30
rectifier 40
H2-burner 60
combustion ignition via buffer battery 10
water tank max 51 or 2 tanks underneath tables 15
total 1.260
total with only 1x H2Tank2Go® 540 |
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| Hydrogen |

Barbecuing with
Hydrogen Gas

Walt Pyle, John Dabritz, Reynaldo
Cortez, and Jim Healy

©19%4 Walt Pyle, John D3Dmz, Reynaioo Comaz, and Jim Haay

arbecuing with hydrogen is

cleaner than using charcoal or

propane because there's no
carbon in hydrogen. When hydrogen
bums, it emits only water vapor and
traces of nitrogen oxide. No toxic
pollutants, smoke, or particulates are
released by a hydrogen flame. When
hydrogen is produced by renewable
energy, the water—to-fusl-to—water
cycle can be sustained virtually foreverl

For generations,

barbecue  fires

have been made

from  charcoal.

Though we also

have natural gas

and electricity for

cooking, these

resources  are

largely based on

fossil fuels and are

not sustainable. PV

produced hydrogen

Above: The propane gas is sustainable. (See

barbecue before modification HP #39 fo see how

PV electrolysis is accomplished. Cooking with

hydrogen also appeared in HP #33.) Air pollution from

barbecues is becoming objectionable in densely

populated areas. Qutdoor cooking is very popular on

hot summer days. Unfortunately, that's also when air

quality is usually at its worst. Legislation regulating
harbecuing has even been enacted in some areas.

-

Propane Barbecues

Propane barbecues are more convenient and produce
less emissions than charcoal models. Propane also
eliminates waiting while the coals get hot

Above: By removing the cocking grill and lava rock
support, you can see the stainless steel propane
burmer.

Above: The propane gas supply valves, bumer, and
pre-mix tubes, and pressure regulator.

The propane bumer is ignited by fuming on the gas
and pressing the piezo-electric igniter bution. A spark
ignites the fuel-air mixture escaping from the bumer.
The fiame heats lava rocks, distributing the heat to the
orill. Liquids that drip onto the lava will vaporize and
bum, shielding the bumer from contamination. After
cooking is finished, the gas is fumed off and the heat
stops. The lava cools quickly to ambient temperature.

Gaseous fuel is safer than charcoal in some respects

For instance, there's no need to supenvise the fire after
cooking. You're less likely to start a fire when a gust of
wind comes up and rekindles “dead” coals! There’s
also much less ash residue. Though propane flames
emit carbon oxides and hydrocarbons, amounts are
less than from charcoal. Better fuel-air mixing resuits in
less smoke. Cooking fime is also shorier with propane.

The propane flow to each bumer is controlled by a
valve and delivered fo an orifice. The orifice limits the
gas flow and produces a high velocity jet, which aids
fuel-air mixing. The high velocity gas enters the pre-
mixer, drawing air through ports on each side of the
bummer delivery tube.

24 Home Fower #43 « October/ November 1994

Above: The propane bumers installed in our barbecue
use fuel-air pre-mixers.

Conversion of a Propane Barbecue to Hydrogen
We started with a two-burner Kenmore propane
barbecue. It has 1451 square centimeters (225 square
inches) of cooking area and is rated at 24,000 Btu (82
kW) per hour. Sears had it on sale for under $100.

We converted our barbecue by changing the bumers
and gas delivery tubes to prevent pre-mixing of the
hydrogen fuel and air. Other parts of the barbecue
were usable without modification. The covers, grill
plates, gas supply line, control valves, pressure
regulator, and piezo-electric igniter all worked as
purchased. We will use the propane tank in a future
hydrogen storage experiment.

Step 1. Feeding Hydrogen to the Pressure
Regulator

Remove the pressure regulator from the propane tank.
Attach 0.64 cm (0.25 inch) Swage lock stainless steel
tubing fo a 1/4 NPT fitting. This will replace the original
pipe fitting on the “INLET" side of the regulator. We
used stainless tubing, but copper or brass tubing and
fittings can be used as well. They may also be easier to
obtain at your local hardware store.

Set the hydrogen gas supply pressure to about 1 bar
(14.5 PSIG) at the pressure regulator “INLET". Most
propane-type regulators are rated for 17 bar (250
PSIG) maximum inlet pressure. Do not exceed the
rated value. Use safety relief-valves in the piping and
storage tank so excessive pressure cannot cause an
unsafe condition. A welding-type compressed
hydrogen cylinder with two-stage regulator can be used
to supply the pressure regulator. For safety, include a
shutoff valve to isolate the hydrogen supply from the
pressure regulator during idle periods.

Before we continued our hydrogen conversion, we
wanted to try the barbecue on hydrogen in its

Hydrogen

Above: The gas pressure regulator with Swage lock
tubing INLET pipe fitting.

“propane” configuration. We supplied the pressure
regulator inlet with 1 bar (14.5 PSIG) pressure from the
hydrogen tank and checked for leaks. Donning safety
glasses, we tumed on the control valve and pushed the
igniter button. The fuel-air mixture in the burmer and
supply line promptly lit with a loud *BANG” that
resembled a firecracker! We weren't surprised. The
pre-mixed gas and air was flammable. The velocity of a
hydrogen flame is much higher than that of propane.
The flame moved backwards against the hydrogen
flow. It traveled from the igniter at the bumer pre-mix
outlets to the orifice at the mixer. The flame bumed
freely on the open jet of hydrogen coming out of the
orifice, heating the pre-mix tube instead of the burner.

The hydrogen diffusion bumer and gas distribution
plate are designed to prevent the pre-mixing of
hydrogen with air. In a gas diffusion bumer, fuel is
bumed without premixing the fuel (hydrogen) with air.

Below A close-up of Hydrogen Bumer Showing Gas
Diffusion Ring. By coating the surface of the bumer
pores with a catalyst, nitrogen oxide emissions can be
reduced.

Home Power #43 « October / November 1994 2 5

Highlighting open-pored HT metal-foam, here Ta (tantalum), for flame stabilization preventing premature fuel gas
mixing, Pt-coated (platinum) to avoid/reduce NOx. Highly interesting approach for an H2 grill ! Note: (unfortunately) does
not apply to H2Grill2Go, currently expected to operate with a "detached" flame pattern due to the required heat output.
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15t Int. Symposium Hydrogen & Energy (] CrmmsYmrasium
N~

22.-27.01.2023, Emmetten, Switzerland RIS
contact: Prof. Dr. Andreas Zittel 22.-27. January 2023
Seeblick Héhenhotel,
H2-Barbeque & H2-Cremation, bypassing fuel-cell Emumietten; Switzariand
conversion on route to stand-alone & subsidies free
Hydrogen Energy Economy. ~ @
Henning Zoz!, Shengyu Lai?, Albert Hesse? ‘@ "
170z Group, Wenden, Germany,
2Zhongshan Guanijian Metal Products Co., Ltd, Zhongshan City, China,
SAlbert Hesse Familienstiftung, Wenden, Germany http://hesymposium.ch/
todays content
upfront relevance
(a)
(b)
(©)
discussion
(d1)
(d2)
call for feedback:
(d1+d2) H2-Burner
(d2) cost effective energy low-intensive O2-storage without compression
(d2) cost-effective electrolyser 0.5-1kg H2 DLY
(e) alternative natural rubber from banana skin, Fraunhofer-IME+Zoz

STEERING COMMITEE

Craig JENSEN, Hawaii, USA
Shin-Ichi ORIMO, Japan

Min ZHU, China

Jingiu ZHANG, China
Andreas ZUTTEL, Switzerland

INVITED SPEAKERS

Henning ZOZ, Germany

Noris GALLANDAT, Switzerland
Berend SMIT, Switzerland
Shin-Ichi ORIMO, Japan

Klaus LACKNER, USA

Jihye PARK, S. Korea

Allan WALTON, England
Heena YANG, S. Korea
Bjorgvin Hjorvarsson, Sweden
Sabrina Sartori, Norway
Robert SCHLOGEL, Germany
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H2-Barbeque (d2) & H2-Cremation (d1), bypassing fuel-cell conversion
on route to stand-alone & subsidies free Hydrogen Energy Economy.

call for feedback:
(all) patrons & multipliers - politics, society & economy — green innovation from Germany

(d1+d2) H2-Burner

(d2) cost effective energy low-intensive O2-storage without compression

(d2) cost-effective electrolyser 0.5-1kg H2 DLY

(e) alternative natural rubber (ANR) from banana skin, Fraunhofer-IME+Zoz
+08.12.2020  MUEMIIINIRN

EP2020/085096

v08.12.2020  INIMIIINIEN

EP2020/085098

EUROPEAN PATENT APPLICATION EUROPEAN PATENT APPLICATION
PROCESS FOR THE SEPARATION ROTATING POWERED GRINDING
OF POLYISOPRENE AND OTHER MEDIA MILL FOR THE EXTRACTION
NON-POLAR MATERIALS FROM OF POLYISOPRENE AND/OR OTHER
VEGETABLE RAW MATERIALS NON-POLAR MATERIALS

\
\

~ Fraunhofer (‘2  ZiFraunhofer [ ‘=

IME| — 0 IME —
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Taraxa Gum

from dandelion roots to high performance tires

“‘green” tires made by 100% natural raw materials
- rubber substitution by use of dandelion roots -
cooperative development Continental, Fraunhofer & Zoz

~ Fraunhofer Zezrgﬁp
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Taraxa Gum

from dandelion roots to high performance tires

“green” tires made by 100% natural raw materials
- rubber substitution by use of dandelion roots -
cooperative development Continental, Fraunhofer & Zoz

~ Fraunhofer Zezrgﬁp

g

% Fraunhofer i
Dandation Rubber Hydrogen Technology
Extraction Facility Olpe . | CentreOlpe

= ATSYS

et
Voo brenn e

27.11.2017, ZTC
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The dandelion
grown in Germany

The tire
made in Germany

Continental launches bike tyre made from sustainable
dandelion rubber - Cycling Weekly

Y
'I Continental reveals its first ever bicycle tyre made from dandelion rubber and
‘ will make it available in time for the Tour de France

e www.cyclingweekly.com
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Alternative Natural Rubber

dandelion** successful, next comes banana***
Zoz/Fraunhofer IME joint technology initiative
- sustainable biorefinery route for banana peels processing -

green* rubber from dandelion, green** from waste-peels

TARAXAS
GUM X" %

(a) Natural Rubber (NR) from Hevea Brasiliensis, background

NR is obtained from rubber trees (Hevea brasiliensis) providing latex, growing within the “green belt” of the planet
can technically not for 100% be replaced by synthetic rubber;

o market cost strongly fluctuating at increasing demand;

o from alternative resources known and challenging since WW-II.

(b) Alternative NR (ANR) from dandelion roots

Russian dandelion, resource for Continental Taraxagum™

agrarian robust and undemanding, grows practically everywhere;

results in high quality natural rubber in one step;

e no latex coagulation required — environmentally friendly (green) rubber !

e FHG-IME increased the rubber yield crop massively, comparable to rubber tree.

2015 Fraunhofer IME Dandelion Rubber Extraction Facility was set up at the Zoz Technology Center (ZTC) at Olpe/Germany [4].

2017 Continental took over the dandelion unit at ZTC and

2018 opens the Taraxagum™ Lab at Anklam, Germany [5].

2018, Zoz designed acontinuous processing unit in pilot scale for the above

= In 5-10 years, Continental wants to be able to produce tires with ANR commercially. The goal is a more sustainable tyre
production more independent from traditional NR sources.

(c1) next step - continuous processing
Zoz designed, manufactured and in first years also operated the batch processing plant for rubber-extraction from dandelion roots in pre-

industrial scale successfully. Converting such process into continuous operation for commercial industrial product volumes is the next step.

(c2) next resources - banana peels (BP)

e availability of (c1) can open a new world in green** biorefinery offering a wide range of industrial utilization of quickly renewable natural

resources;
o first flora candidate at high rubber content + available in large scale are banana peels;

e worldwide, about 135mio tons of bananas are cultivated, DE imports 1mio tons p.a.

o BP-waste at high volumes even in DE, as much as 30-40%wt (crop dry) of fresh fruit;

e BP degrades very slowly in composting, contains numerous pollutants from pesticides;

e including BP into product processing, prior or post transport, offers protection of the environment and value adding.

e:wraxag'r‘lérr]TM tyre at OZ-16 + OZ418

Z2 Fraunhofer
e
Dandelion Rubber

Extraction Facility Olpe nﬁ .
--
. 1

DE patents claimed 12.12.2019 Zoz
Group
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