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Climate change mitigation actions globally widely agreed

Negative emissions needed in 2050 to meet 1.5°C scenario
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Significant increase in electricity generation expected

63% of total electric energy will be not dispatchable
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VRE: 63% Maximum required storage duration
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Exponential growth of storage market over the next years

Long duration energy storage total addressable market

~1,500-2,500

GW
Cumulative installed
power capacity’

~ 900-1,700

~30-40
2025 2030 2035 2040
TWh
Cumulative installed ~1 ~5-10 ~35-70 ~85-140
energy capacity’
Cumulative capex L . ~1,100- ~1,500—
o investment', USD bn 20 200-500 1,800 3,000

Source: LDES council
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Hydrogen will help to decarbonize different segments

Our modular component portfolio built around our storage will target several applications alongside the H2 value chain

2 Production

Enable large-scale
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1Y2 Product Suite
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170-425 kWh 0,5-2 MWh 8,3 MWh
\ electrical electrical Energy

SYSTEMS Plug and Play STORAGE
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High efficiency operations mode

No need for compressor, fuel cell heat reused for hydrogen release

) 1 poTRR
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The information in this presentation is copyrighted and confidential and may not be disclosed to or
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Max. 40 bar 1-2 bar

used by any third party without the permission of GKN Hydrogen.
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"ase Studies for Decentralized Solutions

Application: E-Chargir

Application: 100% Off-Grid
System: HY2MEDI

System: HY2MEDI

IMWh 60kg 2MWh 120kg
Stored Energy H2 Storage Stored Energy H2 Storage
16kW 12kW 16kW 24kW
Nominal Power Electrolyzer Nominal Power Electrolyzer

Application: 100% Off-
System: HY2MINI

0.4MWh  25kg

Stored Energy H2 Storage

Application: Micro-Grid
. Storage: HY2MEGA

17MWh  500kg

Stored Energy H2 Storage

MW 1.5MW

Nominal Power  Electrolyzer

8kW 10kW

Nominal Power  Electrolyzer
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Vorking parameters of H2 storage systems
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Liquid Cryo- 1 Interstitial : Compressed = Alanate = Salt-like Water
hydrogen = adsorption : metal hydride y  hydrogen | . metal hydride
: ey 1 Laves Phase Comp. / X T
LH, Hﬁ"’ﬂtﬂd carbon | eetit, /LaNicH, E CGH, I NaAlH, l MgH, H0
100matwt®% | 6Smatwt% | 2matwt¥ | 100matwt | SSmatwt® | 7.S5matwt® | 1lmatwt®
Operating temperature : I

70-170°C 330°C »» 1000°C

[
1
Corresponding energy to releage hydrogen in M.! per kg H;

0.45 23
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How do MH work

MH is a metal structure, that is able to integrate Hydrogen in its lattice

Loading the storage

hydrogen gas
metal hydride

Absorption

Unloading the storage

metal hydride

GKN HYD RGG,EN The information in this presentation is copyrighted and confidential and may not be disclosed to or
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The GKN MH - properties

Intermetallic compound based on TiFe

No hazardous substances or mixtures according to EC No 1272/2008 (CLP)
* No health hazards

* No physical hazards

Can be handled in standard atmospheric conditions
* While most MH-materials require protective atmosphere since they
* Ignite spontaneously before and especially after activation

* react heavily with oxygen heavily

] ) G KN H Y D RO GEN The information in this presentation is copyrighted and confidential and may not be disclosed to or
§ used by any third party without the permission of GKN Hydrogen.
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The GKN MH - properties

GKN MH has almost now reactivity when exposed to different environments

MH in Water MH exposed to Air MH exposed to fire
| (O . Hi Sensor —

RANGE -200°C ~- 1370°C

H2 release and interting of
MH when exposed to air
and

; ] GKN HYDROGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or G R E E N SA F E CO M PACT
y used by any third party without the permission of GKN Hydrogen. N ° -



Vessel damage scenario
Self locking H2 flow is a key safety driver

- H2 flow from MH is self locking

* H2 desorption is an endothermic process. The flow rate is continuously

decreasing and finally stopping in case when no heat is added.

* Physically, there is no isothermal process. Therefore, H2 release will
never stop totally but be much slower compared to other H2 storage

technologies (H2 safety advantage)

| s [EK_N HW‘DF{OGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or GREEN‘ SAFE COMPACT.
used by any third party without the permission of GKN Hydrogen. :



Summary

MH is amongst the safest H2 storage options

« H2 is stored in solid state @ 35bar

« H2 stored @35bar (1) in MH has the
same energy content as H2 stored

@700bar (1) in pressure vessel

« Gaseous H2 account for <5% of

total H2 mass in the MH storage

* H2 release is endothermic

therefore H2 flow is self-locking

L poTuEEE

MH has significant safety

advantages compared to
conventional H2 storage

BUT

This is not considered in Italian &

EU regulations while itis in the

The informati ion in th is presentation is copyr ighted and confi dential and may not be disclose d to or GREEN. SAF E COM PACT'
usi ny third party without the permission of GKN H gen.
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Proving of safety advantages of MH storages

Comparison of extreme behaviour of pressurized H2 vs. MH bases H2 storages

Bonfire testing

Test decription

H2 storages will be exposed to a defined

temperature to simulate fire event

Excpected results:

Time period from start of fire exposure till burst
will be much lower for pressurized H2 storage

compared to MH H2 storage.

Sample
exposed to
Fire

Infrared
camara

@“&'@-ﬁa : X
o, /%\ i B

Penetration testing

Test decription

H2 storages will be penetrated with gun fire to

simulate crash with shell breakage

Excpected results:

H2 outflow will be much slower for MH H2
storage compared to pressurized H2 storage >

burning intensity

)
Sampla

Infrarad
camera

e

&5 Han )g\ ,'J

: spaad & &

Camara \

Images test site TestNet

Penetration/Gunfire test

H2 Explosion




Overview of potential Hydrogen buffers

MH has significant advantages in some of the items

1 characteristics Ammonia Liquefied hydrogen LOHC (benzyltoluene) Pressurized 700bar MH FeTi Carrier

age density  Volum. [kg Ha/m? of carrier] 121.2° 70.8 55.2
Gravim. [kg H:/t of carrier] 1771.5" 1,000 B82.7 1000

gy needs Conversion [MWh/t H] 5.75 12.0 0.5 <-3.02
Reconversion [MWh/t Hz] 1.2 0.6 15.0 >0.2 > 5.2

inological Conversion — Small scale I I I . I . ] | ] I N

pracess Conversion = Large scale I BN . | == | | | | | [ | |-

urity Storage I 1 1 | I N | | | I I
Traﬂspm‘tatiun = Ship I [ ] I . . I D =
Transportation — Rail N . ] | . . I N [ | e— —
Transportation — Truck S 1 [ ] . ] [ ] —| — —
Reconversion = I . N I N . 1 | |

rational Advantages

]

rositions
Disadvantages
Safety

irce: BCG (modified)

* High storage capacity

= Mature value chain,
except for cracking
process

« Additional purification

step needed

= High energy require-
ments for cracking
process

* Acuite toxicity,
flammable, explosive
under heat, toxic to
aquatic life

= Mo reconversion
required
= High purity hydrogen

= Boil-off losses along
value chain

= High energy require-
ments for liqguefaction

* Storage and transport
complexity

= Highly flammable with
no visible flame, can
form explosive mixtures
with air

» Easy to store and trans-
port (diesel-like liquid)

* Use of existing
infrastructure

* Number of cycles impact
environmental footprint

= High energy require-
ments for
dehydrogenation

= Low toxicity, non-
explosive, hazardous to
aguatic environment

No reconversion
needed

Pressure available for
downstram processes

Energy intensive
compression
Complexity of storage
(composite materials
needed)

Highest H2 release rate
in case of storage
damage

High purity hydr
Low energy @ Ic
grade temperat:

High weight - st
only if not weig!
sensitive (e.g. tr
mile transportat

Only small amot
gaseus H2 - mo
solid state
Self-inhibiting

verties of liguid ammonia B Proven & commercial [ R Prototype demonstrated

gative, because heat energy is released

Technology validated or under development
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Solid storage hydrogen storage

MH able to store hydrogen in its lattices

ABSORPTION DESORPTION
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H2 is stored as metal hydrid / solid state
Low pressure (<40 bar) - inherent
Low temperature (<60°C)
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How do MH work

PCT (pressure concentration temperature)

Desorption 65 *C * Non linear storage behaviour

— Absorption 25 °C

* MH fully loaded @35bar

* 50% load @3bar

%w

] GKN HYDROGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or G R E E N SA F E CO M PACT
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The GKN MH - selection

* Very competitive in
terms of volumetric
density

Improvement
potential in
gravimetric density

Ideal operating
conditions
(pressure,
temperature)

€I > -

volumetric H, density [kg H, l’ﬂ-s]

Sgem

l gem’

0.7gem

density: 2gem
160+ ons AI(BH,),
BERE}LJ M T: «H p o= dmc}ﬁ ;;:Hhk =
140 373K 1 bar B2 V6
™ 620 K. | bar LIB]_[4
: NaBH, dec. 533 K :
120+ !_:}T:I?!-th.‘f MgH, e ETEL. a e
"= M NiH 60K Sbar A CgHyg on carbon
I:E]“_I g: ! 4 | | l_|[i '-'- ......................... ®
100300k 150\ 1o dec S0 K e CH,"
el b " NaAlH, , A B o 4
- s | g -
dec >520K \ KBH, LiAlH, CH,, ' '® g4
80 - dec. 580 K dec. 400K bp 21l K . lig.
203K T
60 500 D00, i H, physisorbed
Jow? 'm": 120 " on carbon
40 - Ko o T T, 8
' 0 . Yoa, !
7 o‘"'.f " fag, 50
f S80S o e /
20- §3/7% Thon ' 20 : Gas
24 ~\-20 PFeS. 1% s, 2 pressurized H,
113 (steel) “.s " (composit material)
0 i PIMPa] p [MPa]
T T T T T T '
0 5 10 15 20 25

gravimetric H, density [mass%]



Cost analysis of P2P applications

H2’s right to win strongly dependent on charging and discharging power

1,4

1,2 H2 P2P cheaper than batter

| = | | —

0,8

Battery cheaper than H2 P2

Ratio Batt Sys Cost / H2 Sys Cost

0,6

0,4
0 20 40 60 80 100 120
Ratio Storage capacity/power [h]

—500kWh ——1.000kWh ——5.000kWh -10.000kWh
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Overview of H2 storage options

MH is a metal structure, that is able to integrate Hydrogen in its lattice

,’ '''''''''''''' ~s
o o Yo r II v o %o . \| d g %0 &
o R T | e " ey | R B
o Ca o 3 I L e Pt : ® Sre
J MATERIALS -~ -e o -8 s - 1 .‘-‘.‘. 'i. .'-'.i. .I‘. 1 -.l -.- -.- ® .' -.-
a® @9 o9 o0 1 .‘.‘.‘.‘.‘.‘.‘-‘.‘. .‘. 1 L N N N e N ]
I I 1 o'e’s’e 0'0 0'0'0"0’s’e 1 o, 0, 0, 0 0 0
9 o9 @9 @90 | (e ) =) e & & & @
e o0 o0 " | oeeooeeOOOOS : o %e® %® % %0 %,
SURFACE ' INTERMETALLIC I
ADSORPTION \ HYDRIDE / il _
N o -7 Increasing
% ° % %
@ *% % % o o 80,8, %
% "~
Uil W U P TAL A TR
22 Sh0d ,’:' . RO
IN TANKS % &% PN ALY
ALY ATy S Ty
R AL 3 A Ry A @ Hydrogen Atom (H)
..:'. ;.'.. ‘: iy P J‘:-J-;J.-F;";_‘-Pf\r-ﬂ.
k"""' A DI I I y k’:-: a8 e b ) ®e Hydrogen Molecule (t
COMPRESSED GAS CRYOGENIC LIQUID ®e Hydrogen Molecule ((

i G KN HYD RGGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or
y i used by any third party without the permission of GKN Hydrogen.
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Vessel design considerations — MH expansion

MH expanding during hydrogenation needs to be considered in pressure vessel design

Metal + Hydrogen @2 Metal Hydride The phase transformation from metal to the metal hydride
AgH = -25 ... -75 kJ/mol results in a volume increase of the hydrogen storing mater

Adsorption - The filling strategy includes the provision of spare volur

for the material to expand (80% MH/Total volume)

Dissociation

« Spare volume needs to be as low as possible in order t
keep heat transfer high

a — Phase

B — Phase
Volume expansion of crystal - Strain measurements have shown that metal hydride aj
lattice up to 35 vol.-% approximately 10bar of pressure on top of gas pressure

' Dornheim et. al. Sar. Mater., 56: 841-846, 2007
2 Kircher et. al. J. Alloys Compounds, 404-406: 339-342, 2005
3 Gross et. al. ). Phys. Chem. C, 112: 5651-5657, 2008

50bar vessel design pressure

G K_M HYD ROGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or G R E E N SA F E C 0 M PACT
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Vessel design considerations — H2 embrittlement

Hydrogen embrittlement impact on tensile strength

a5

[ ]

t— AT

.H H, molecule ' ®g

= ' -I L]

il T ' [ ]

= .i:: ‘i-" l -

Ha ) - ':'t: T2 ® o
____ :‘-' *s

GKN HY testing
1. Overloading material with H2

* Hydrogen diffuses to crack tip 2. Tensile strength measurement with overloaded

« Hydrogen chemisorbs

« Moves to high stressed regi : i ' icati
SIS R S oSl et - No impact on tensile strength in GKN applicatiol
due to low pressure

G KN HYD RGGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or G R E E N SA F E CO M PACT
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Vessel design considerations — powder segregation

Segregation of fines might lead to uneven MH filling distribution

FeTi-base particle (IP) FeTiMn particle

- Not activated — activated Due to the volume increase during

' AR TR hydrogen uptake the powder particles
decrepitate.

Fine particles can migrate to the bottor
of the tank and can uneven volume
distribution, which needs to be prevent

« To prevent the migration of fines a
special binder was developed whict

(decrepitation) _
Particle size < 5um prevents segregation

G KN HYDROGEN The information in this presentation is copyrighted and confidential and may not be disclosed to or GREEN SAF E COM PACT
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Vorking parameters of H2 storage systems

Method pm (Wt%)®  py (kgm™2)® T (K)° p (bar)® Description
Compressed 13 < 40 273 300 Compressed hydrogen gas;
gZas lightweight, high-pressure cylinder
Liquid Varies 70.8 21.5 1 Liquid hydrogen, continuous loss
of a few % per day at RT
Physisorption r4 2 20 77 100 Physical adsorption by porous
',________________________________________________nlaﬂsgr_ia;ls_;_ﬁ_lﬂ_y_zeys@i_blq ________ .
I Interstitial rs 2 150 273 1 Atomic hydrogen occupies :
| . . . . . 1
I metal hydrides interstitial sites, fully reversible, 1
e e metals are heavy______________ /
Complex < 18 150 > 100 1 Complex compounds [BH,|™ or
hydrides [ATH,]™, desorption at elevated
temperature, adsorption at high
pressure
Chemical < 40 > 150 273 1 Thermal decomposition of
hydrides chemical hydrides, not directly
reversible

The information in this presentation is copyrighted and confidential and may not be disclosed to or
used by any third party without the permission of GKN Hydrogen.

* Gravimetric storage density b Volumetry storage density ° Operational temperatures for storage method
¢ Operational pressures for the storage method ¢ Table adapted from Ref. 2]
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