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About
The

Company

Hrastnik1860 is developing and manufacturing
world-class engineered glass products, distinguished
by some of the clearest glass in the world.

Hrastnik1860 is based in Slovenia and offers wide
range of products that include premium and super
premium glass containers, primarily dedicated to
the spirit, perfumery and cosmetics market.

It focuses on flexible and excellent service, short
time to the market and innovative tailor-made
solutions.

285 t daily production capacity

600 employees

export to more then 5O
countries worldwide

full service solution

160 years of tradition
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PERFUMERY AND
COSMETICS
FLACONS

PREMIUM WATER
GLASS PACKAGING

SPIRIT GLASS
PACKAGING
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History

160 YEARS OF TRADITION

FROM MANUAL,
TO STATE OF THE ART
TECHNOLOGY

WERNER VON SIEMENS
1873 INNOVATION STARTS
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/)w VISION

Tobe the most inspirir
nd most sustainable
glass packaging

company on the planet.




Challenge Neutrality by 2050

Dramatically improved

technologies needed Innovations are

of key importance
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GREEN
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Use of renewable energy sources

-

Improving energy efficiency
Electrification

Renewable fuels

Green innovation
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Use of Renewable energy Target
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16% 5.700kWp
14,3%

c 14%
e
5 10 2024 - 16MWp
>
g 10% mPower plant
S Sicily
Z 8%
8
5 6% 2023 - 780kWp
e i solar power plant
2 184kWp it at BU Vitrum "
o LA LT
o 2% S o
° 0,5% |
o\ ’

0%

2018 =
. ““‘.‘ lI;
&=

\

\ 14 3° Ifienengs .

\5_“&_“

! )
o J
::Iovema \




PV Plant - Steklarna Hrastnik 1

Date: 2018
Power:184,2 kWp

HRASTNIK1860

Energy production: 776 MWh/ year
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PV Plant - Steklarna Hrastnik 2

Date: 2021
Power: 5214 kWp
Energy production: 488 MWHh/ year
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PV Plant - Steklarna Hrastnik 3

Date: 2023
Power: 77396 kWp

HRASTNIK1860

Energy production: 782 MWHh/ year
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THE “PLATEAU OF
DIMINISHING RETURNS”

red bar: range of theoretical low-limit based on thermodynamics for melting and heating

of glass (1350 °C) for 100 % batch (upper range) and 100 % cullet (lower range)
orange bar: best practical limits, no wall heat losses
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Electrification

HYBRID
REGENARATIVE
FURNACE 2023

-40% CO2

First in the world.
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1 Background



CHALLENGE

THE EUROPEAN GREEN DEAL REQUIRES THE TIGHTENING
OF GHG EMISSION REDUCTION TARGETS BY AT LEAST -
50% FOR THE PERIOD 1990/2030. THE PROPOSED
EUROPEAN CLIMATE LAW, HOWEVER, DICTATES

CLIMATE NEUTRALITY BY 2050.

GHG EMISSIONS ARE THUS ONE OF THE KEY CHALLENGES
OF THE ENERGY-INTENSIVE INDUSTRY. THE GLASS
INDUSTRY WILL HAVE TO DECARBONIZE COMPLETELY
OVER THE NEXT 30 YEARS.

IN ORDER TO ACHIEVE THESE REDUCTION LEVELS,
CURRENT PRODUCTION TECHNOLOGIES NEED TO BE
DRAMATICALLY IMPROVED, AND NEW TECHNOLOGIES
NEED TO BE DEVELOPED AT THE INDUSTRIAL LEVEL.

THE AVERAGE LIFE SPAN OF THE GLASS FURNACE, WHERE
90% OF ALL GHG EMISSIONS ARE PRODUCED, IS 8-10 YEARS.
IT 1S, THEREFORE, THE PRESSING NEED TO START INNOVATING
AND TO TRANSIT TO NEW TECHNOLOGIES AS 2050 IS ONLY A
FEW FURNACES AWAY.

HRASTNIK1860
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Why hydrogen?

v HYDROGEN FROM RENEWABLE POWER IS

TECHNICALLY VIABLE TODAY AND IS QUICKLY
APPROACHING ECONOMIC COMPETITIVENESS

HYDROGEN AS RENEWABLE FUEL CAN BE
RELATIVELY EASILY APPLIED TO EXISTING FURNACES
THAT USE NATURAL GAS AS PRIMARY FUEL

HYDROGEN COMBUSTION DOESN'T AFFECT
FURNACE LIFESPAN TO A LARGE EXTENT

HYDROGEN CAN ENABLE OUTSTANDING ENERGY
FLEXIBILITY BETWEEN NATURAL GAS AND
ELECTRICITY

HYDROGEN CAN OFFER FURTHER REDUCTION OF FOSSIL
FUEL CONSUMPTION ONCE 80% ELECTRICITY IS
DEMONSTRATED TO REALIZE ZERO GHG EMISSION
MELTING.

HYDROGEN IS COMPLEMENTAL TO HYBRID MELTING, AND IS
IMPORTANT FOR CCUS AND POWER-2-X SOLUTIONS

098IMINLSVYHH
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But?

Theoretical Technical Economic Market
potential potential potential - potential

* Energy content of all wind and * Solar and wind energy that can * Mot all hydrogen technical * Dictated by the presence of
solar resources which could be effectively harvested through potential production may green hydrogen offtakers.
theoretically be transformed wind parks and utility-scale PV. present competitive LCOH. .

i * Competition between
into green hydrogen. i i "
* Theoretical potential reduced direct sale of clean energy
by technology characteristics and sale of green hydrogen

and land eligibility constraints. produced with that energy.

Source: IRENA Global Hydrogen Trade Costs 2022
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Green
Hydrogen

-

Today 2050

4.0
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Electrolyser cost 840 USD/kW Electrolyser cost 200 USD/kW
* pad factor=48% A¥ | COE (USD/MWHh): 40 A | COE (USD/MWh): 20

Source: IRENA, 20183

Renewable hydrogen
will soon become the
cheapest clean
hydrogen supply
option for many
greenfield
applications.
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HRASTNIK1860

renewable hydrogen today

Competitiveness of

Competitiveness of renewable hydrogen
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Competitiveness of renewable hydrogen

LCOH (USD/kg H,)
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Low-cost solar and wind resources start to achieve Natural gas

\D‘w fossil fuel parity within the next five years .
o egivalent

5.7.2022
(EEX)

2020

- ===

2025 2030 2035 2040 2045 2050

Average PV = =0 - Average Wind —&— Best case PV —@— Best case Wind

____' Hydrogen from fossil fuels with CCS
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Competitiveness of
renewable hydrogen in 2050

3.5

1 Global hydrogen demand in 2050: 74 EJ

“— Global primary energy supply in 2050: 614 EJ
25

Levelised cost of hydrogen (USD/kaH,)
%]

10 000

Hydrogen technical potential (EJ/yr)

@ Argentina @ Australia @ Brazil ® Canada @ China @ MENA region W Rest of the world

Russizn Federation @ Saudi Arabia @ Sub-Saharan Africa @ United States

Source: IRENA Global Hydrogen Trade Costs 2022
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Potential of green hydrogen supply

below and forecasted hydrogen demand

Middle East and
North Africa/

H, Demand

L
. Pessimistic

. Optimistic

Notes: Assumptions for CAPEX 2050 are as follows: optimistic, PV: USD 225/kW to USD 455/kW; onshore wind:
USD 700/kW to USD 1070/kW; offshore wind: USD 1275/kW to USD 1745/kW. Pessimistic, PV: USD 271/kW to
USD 551/kW; onshore wind: USD 775/kW to USD 1191/kW; offshore wind: USD 1317/kW to USD 1799/kW. WACC:
optimistic, per 2020 values without technology risks across regions. Pessimistic, per 2020 values with technology risks
across regions. Technical potential has been calculated based on land availability considering several exclusion zones
(protected areas, forests, permanent wetlands, croplands, urban areas, slope of 5% [PV] and 20% [onshore wind],
population density and water stress). Total hydrogen demand, not including power sector (24 EJ/year), is equal to
50 EJ/year.

Sub-Saharan ‘,.
Africa

Source: IRENA Global Hydrogen Trade Costs 2022
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Hydrogen for RE storage
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Storage Capacity
Source: School of Engineering, RMIT University (2015)



CCUS and e-fuels

100% .
renewable '

|
[ Electrlysis P @2
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r

based )
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2 Hydrogen pilot system



OPERH2 Project pilot

Optimization of energy conversion to replace the share of fossil fuels used for
industrial glass melting with hydrogen.

Ji OPERH2 Pilot System

Renewable energy

Glass Furnace (150 (184 kWp PV-plant)

kW)
Hydrogen-2-Heat
(renewable fuels)

Hydrogen storage
(900 kWh)

Alkaline electrolyser (86 kW)
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PV coupled with WE

Power
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Energy
production

Energy
consumption
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Energy Management System

SONCNA ELEKTROLIZER  ZALOGOVNIK INDUSTRUJA
ELEKTRARNA VODIKA

DIZEL
AGREGAT
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3 Hydrogen combustion



Laminar burning velocity [m/s]

Hydrogen combustion

« Laminar burning velocity 10x higher with H2
Lower Wobbe index

ey

AL S L SR ®
........................... g
®..@ ®
)
v(0)=21% .
------------- o""'."""
9':’0:--»:-.-:.--;0.--..-: ------ . ‘ L l |
O = i i &0 100
Hydrogen in fuel mixture [Vol.-%)
S Xz =0.12 —

kI/Nm3
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48:500;7F e 6%
, 48,037.6 {
48,000 PR T e e L oa%
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$2200 P 4.000% 2%
A13.1, 3.030%
47,000 - --------dizeaes Ak 5
0.653% . 0%
46,500 -
46,788.3 - 2%
46,000 -
- 4%
45,500
45 000 W obbelndexreduition 45,522.5 el -6%
Mass % : 44,890.6 |
: - -8%
44,500+ ——wobbaindex
44,254.5 9
44,000 - . . : 2 . L .10%
0% 5% 10% 15% 20% 25% 30%

% H2
Source: L. Santoli et al.
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HydroFlex combustion system

High exit velocity burners

Mixure of natural gas and hydrogen in every ratio
possible, and mixture of air and oxygen in every
ratio

Skid for H2, NG, O2, Air HydroFlex burner

Fuel/oxidiser mixtures flexibility range visualisation:
DN25 PN 16

H2 IN
DN25 PN16

NG IN

DN25 PN16 100% Matural gas 50 vol % 100% H2
Air OUT
DN40O PN16
o 0z 0uT Oxygen/Nitrogen
MESSER ONE
02
Gases for Life oNzs Piis 100% N2 8% 90% 100% 02

Air IN
DN25 PN16

098IMINLSVYH

W93SAS UOI3SNQUUIOD X3|{OJPAH



Open flame testing

« Similar flame length and temperature distribution
for Air-hydrogen, Oxy-hydrogen and Oxy-gas

combustion

098IMINLSVYH
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% Fusl saved

Combustion efficiency

CH4 + 95 Air > CO2 +2H20 + 752 N2 (10.52)
CH4 +202 > CO2 +2H20 (3) > 45-55% fuel savings

h(NG) = ~ 3 h(H2)

3IH2 + 714 Air > 3H20 + 564 N2 (8.64) > 15-20% fuel savings
3H2+1.502 > 3H20 (3) > 43-53% fuel savings
o Offgas ., Walllosses |
60 4 : °, - My 'cp‘RG|0 *ATyg T g :
I ®e I
' Qorgier:
401 I - | __ I
ey e A WY
20 | o [ Productl
| LS |
I e, I
0 . ; Oxidizer :
20 40 60 80 100 - m e !

% Oxygen in enriched air
% Hydrogen in natural gas

 Higher efficiency at higher temperatures
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Burner power (kW)

Combustion efficiency

Burner power vs hydrogen concentration

140
A
.............. A
A A
120 .................... A, 14OOC / _20%
| ‘ ..................
e A
- crnd
Air-Hydrogen
@
80 ’. .................... ®.. Lone
o @ D RTTTI P (RETTIIPR L XTTTII L.
........ ®ee...®
60 ) 7 GRRAE hecooseccss Avececcoces Ao AT 7 G A o--.--...A .......... Y CLRETTLLER) A
Oxy-Hydrogen T
....................... L 4
40 Coveernne . Y PPRR SCPTTELIEN ot 8. ) @
1200C / +14%
20
: . 20 50 80 100

Vol% H2 in NG
® 1200@Air A 1400@Air @ 1200@0Oxy Ao 1400@Oxy
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% CO2

10

CO2 emissions

CO2emission vs hydrogen flow

—e—Carbon dioxide
CO2 %

12:56:53

13:04:05

13:11:17

13:18:29

35,1

30,1

25,1

20,1

Hydrogen flow (Nm3/h)

098IMINLSVYH

suoSSIWg



CO2 (%)

Air-Hydrogen combustion

CO2 and NOx emissions vs hydrogen flow CO and NOx emissions vs air-fuel ratio

200 400 1000
1 180 o e
/
K 350 ': Y 900
A i /
~ ‘\ Il 160 |l / 800
h CO2 ! 300 : !
oo T A 140 : / 700
e _ So s ': '
~ - - \‘\ < - . ‘/ 120 ’E\ . 250 :I II 600
.\ ~A\ // o g_ : CO NOX II
\\. \\x //‘ 100 % &200 l: !/ 500
e e Nox s 5 J
SN N \\ /P 80 =z 150 l: , _& 400
\. N p) : ,/ PR
A ,/ 60 : ’ -7 300
‘e H / _k
NP 100 | P
:‘{\ 40 lb "____f_-___,-g’ 200
N I X 20 50 “._.‘_._._x,c ~6-"
N o WA 100
- \ LW
.~ SRS JPe
== 0 0 Aype o9 ——98 ——@9 @9 ——— 9 (O
20 40 60 80 100 1 1,1 1,2 1,3
Vol% H2 in NG Air-Fuel ration
- e- 1200 CO2 - 4- 1400 CO2
- @- NO 1400 0% - 4- NO 1400 50% H2

--@- CO 1400 0% - 4- CO 1400 50% H2
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CO2% and H20%

Oxy-Hydrogen combustion

CO2,H20, NOx and CO emissions vs hydrogen %

600
———.‘ —————— k -~
_____ I i \\\\ —_—__k__.__—-t 500
_____ -A——————A_--_ X N S\
Ox e At .-
S £ S S~
-~ *--""" ¢t *- ~$ 400
S -~9----- - - - - - _ e---—" ’,—A
o x- 7
- ’—’ \~\ __________ y
e e = BT 300
_-- T~o-=-=---- { i [ ]
—
—————- o - -
_____ e—-—-—-—-®--—-—-—-@¢-----"
200
—_——— I
o
.... * == _ 100
I Y e A=~ _ _
- - __ ) R .. Ao _ CO2
- [ S e
_——-“‘—-_\-“’__:::__'~‘
o o e 0 o o 0 e === (
10 20 30 40 50 60 70 80 90 100

Vol% H2 in NG

- #- 1200 CO2 - - 1400 CO2 - - 1200 H20 - -- 1400 H20
-4- 1400 NO --e- 1200NO --e- 1200CO 1400 CO
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4 Carbon-free glass melting and LCA



Pilot demonstration

 Melting of glass with 100% hydrogen and 100% PCR cullet
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Our most sustainable glass bottle




Comparative LCA (ISO 14040/44)

098IMINLSVYH

]
oA |
= [ B Climats change HumanHeakth
' @& Ozore deplation
0 i M Humantexicity
" O Photochemical oxidant formaton
150 ‘ W Particulate mattes formation
I @ ronising radhatien T
= | B Climats change Ecosystems ~<
pisis , B Terrestrial angificanon: (0N
B Freshiiater utrophicaton o
z 50 J B Terrestrial ecotonicty T
g | B Frashwater scotovicay (-T
500 ‘ B Marine ecotoxicity X
v Bl Agriculteral land scoupation 0O
(O Urbanland ocupation O
150 M Hatura! land transfonmation 3
B Metal depietion O
%0 O Fossil depletion (%I-
O
30 S5
wn
~
wn
$_Stekienica Jupstar 500ml; argeginro Z_Steklenica Jupiter (300ml; argeginn C‘_Dl-
Kathod ReCiPe Endooint M, V1131 Europe ReCiPe M/A/ Single score 3

Compating 1 p°S_Stekienica Jupiter (S00m} argegiraro’ with p I_Stexienica lupiter (500ml; argegrano



Project roadmap

TRL6

1 PHASE

2 PHASE 3 PHASE

4 PHASE

TRL9
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H2GLASS

1T H2GLASS (Horizon)

2  Industrial qualification

3 Commercial aspect
4 Industiral demonstration
5  What's next... ?

6 Q&A
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H2GLASS Consortium

23 partners

4 years

33 M€ budget
24 M€ EU fund
Launch in Jan 23

List of participants
Pnri]ilr:.ifmnt Participant organisation name Country

1_(coordinator) SINTEF ER AS Norway
2 SINTEF AS Norway
3 SINTEF MANUFACTURING AS Morway
4 STAM ltaly
5 STEINBEIS INNOVATION GGMBH Germany
6 WE PLUS SPA ltaly
7 NORGES TEENISK-NATURVITENSKAPELIGE Norway

UNIVERSITET NTNU
8 THE UNIVERSITY OF NOTTINGHAM United Kingdom
9 Stara Glass S.p.a. ltaly
10 Steklama Hrasinik d.o.o. Slovenia
11 EEMIISEL INSTITUT Slovenia
FRAUNHOFER GESELLSCHAFT ZUR
12 FORDEEUNG DER ANGEWANDTEN Germany
FORSCHUNG EV

13 ASTON UNIVERSITY United Kingdom
14 UNIVERSITAT POLITECNICA DE CATALUNYA Spain
15 EUROPEAN ALUMINIUM Belgium
16 STAZIONE SPERIMENTALE DEL VETRO S.c.p.A. ltaly
17 Vetrobalsamo S.p.A. ltaly
18 OCY CHAMBERY INTERNATIONAL France
19 AIGNAGO VETRO 5PA ltaly
20 SEMNER INGENIERIA Y SISTEMAS SA Spain
21 CIB UNIGAS Ltaly
22 HYDEO HAVEAND Morway
23 PTML PILKINGTON UK
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H2GLASS Concept

WPS Project management

WP2 Development and

implementation of H2
based technology

WP3 Smart
Production

WP6 Technology ' Processes
scale-up and B WP1 IDs
impacts B requirements, set

up and validation

-

WPS Technology Mll;‘;::nl:'l:‘lld
transferability: Hydrogen Safety

in Al cast house

WP7 Dissemination, exploitation and communication

Lead Lead Particpant Person- Start End
il R Participant No Short Name months month month
wpl | |Dsrequirements, set up and 3 SINTEF RM 241,0 l 47
validation
Development and implementation of
WP H2 based technology 10 Si 300.0 : 36
WP3 Smart Preduction Processes 4 STAM 2000 L] 42
WP4 Risk Managemeni and Safetv 1 SINTEF ER 1240 | 48
WPS T:.'L:h:n.ul.ug:.' transferabality: H2 in 22 HYDRO 95,0 I 47
Aluminium cast house
WPa Technology scale-up and impacis 2 SINTEF 1680 | 48
WPT Dimmiqutigﬂ, exploitation and 5 SIG 1850 I 48
communicalion
WPa Project Management 1 SINTEF ER 172.0 | 43
Total 1575.0

098IMINLSVYH




»

!':‘ Open Science, Standardization, Risk, EHS - WP8

»

e

[ElExploitation, Policy, Networking, Guidelines— WP7

H2GLASS Concept

Technology scale-up and impacts - WP6

Risk and Safety WP4

£

fé PrikivGEoN )

Smart Burners
0-1 M2

3

Ur ons

H2 combustion
H2tech.-WP2  Smart Production - WP3

Figure 2 H2GLASS Concept
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H2GLASS Gantt

WP

Task

] B T £ T I T BETER [ [ E EEES I (T T T RNYYE] YR YT (T TR

WL 1D rouin s oty sel up and valilst

0.1 Jebeirul Denmsmdralons descrplion

n: Embesstria] Dherrusenatraboss. Dhessign of Expeermreres,
! ] e i iy Vesnngg
i3 | ol s ] i prusesies o e Inbsal
e
ThA  [Ebesiru] Demumadrabs os-sie valilaton

WL D i

sund i e nbalms of HI used

Techmialsiimtlic foamdation of ydmges combudis

T2 |Biybues wpph sk

i sl v kenmesdaton

T2 |Combusie svstem s bt
T4 Funu.:m hitues
Tas |V cases mil sarmsem, H2 sl smd combnstion spsaem | 122, THY T2,

T45

WF3: Bt Preshuction Precesses

T2 TLYE

T ot o fekits anchiloctis e big-dats aiastris s A,
TA2  |Process amlysis for Digied Twin develspmen Tid, TLITE3
[ T —

3 e THLTA2
g Pl Tk b St Pradiction Flsiog el Comtrol | 132, 133, T4,
(PPt © ; 137

T35 [Asscmution and o] Systems for Furmsses TEA, TR
Thi  [Metwork Seshiy wrvices provision T1I T34 TS
T3.7_|Aoscimmmcrd ol 12 apacts on prodect sy [IENGEY)
Mmool el Sl
Tap [Ee olegity smbye: maleh and somon bx Bplnogen
(H2) appheaties
T4 [Riskhasen! mapertiom iral st remes: rasche] T, "i'_""“"
TAI | Thers rd il gy svete] developerest e H2 k| T "i'_""“"
o [t and e wba of 2 ks o ghos T3 T4
tin T15, T43
T45  [sakry Phn

WPS: Techanlegy brumsforability: H2 in AL ¢l hous e

W51 [Scistin: frnlais
T52 [Pl desion projectin
T53 |Perfommree of ikt lests

W Techaolegy seale-up aml ingaces

TIE, TI2 TLE

Tl [Framry arel scopivg afechmsiogy swake-ap ssscssanests | 7 L0

T6? |LE-Cick Tl

T3 [Huabupes vake chun mualcln and wdmsatan Thi T34

Tod | Techmrcromom: ot for ok scak-up Tod, Ted, T4

TeS  |Seviend lspacs Tét, T3, Ted
i st sl Bsrssbalioon o rocommesdalions b pobey | T3, TEd, ThA.

Th.6 ! .y

WET itatinnn and vemmmnis ation cran WE
Tl saun i ] shin Ted Tes
[ T T — 11 165
i3 iy, s & i D, 112
TT4  [Networing for linge sl e mmation T, :_‘EI'“‘L
TIS  |Advescating for the appeupriate pokey Sanewosk T20, 112 T
Tt |Evplitssion resdemp, sl [F TTA, Tid
WER: Prajeet crun WE
T3 1 JPruect Marsierers soal counleation T4

T2 [Dun

153 |Fik b el Comirul Tt
TRA_|Oiporatun mumagemest and nopoting

Milestones




Glass production

decarbonisation Up t0 1800 Nm3
utilizing Hydrogen yETen
Large-scale

(120 t/day)
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Project roadmap

H2GLASS

TRL6

1 PHASE

2 PHASE 3 PHASE

4 PHASE

TRL9
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Activity

Goals

Period

Implementation

2023

Industrial qualification

Engineering and construction of a
gas station with hydrogen
equipment directly from the
hydrogen car tank

Supply and installation of gas
hydrogen equipment for glass
furnace

Supply and installation of
measuring equipment

Testing of hydrogen at industry level
under different technological
conditions

Industrial qualification for the use of
hydrogen on a glass furnace

T month

2023-2024

Design and construction

Engineering of a hydrogen production
plant including construction, electrical
and machinery design, fire safety and
anti-explosion protection

Purchase of materials, services and
equipment

Construction of a hydrogen production
plant

Start-up of the hydrogen production
plant and production of the work
carried out

Construction of a system for the use of
hydrogen at the economic level (oxygen
coupling of glass furnace with PEM
electrolysis)

18 months

2024-2026

Operation

Partial replacement of hydrogen with
natural gas

Process parameter measurements and
quality control

Multi-level digital twin system
Dynamic techno-economic analysis

Analysis of accelerated ageing of
materials and equipment

Transition to glass production 5.0
(symbiosis with network, renewable
sourcing, flexibility)

Realisation of decarbonisation targets —
20% lower fuel emissions

S years



Industrial qualification

- Hydrogen gas skid , 600 Nm3/h
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Hydrogen burners

- Special burner to prevent foam formation
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Industrial qualification

- Hydrogen gas skid, 600 Nm3/h - 2/6 bruners
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Industrial qualification

- Hydrogen from trailers
-> H2 piping (2000 Nm3/h)
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Industrial qualification

> H2 trailers supply station
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Industrial qualification

—> H2 trailers corridor with a roof
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Industrial qualification

Industrial qualification timeline

System design
Procurement

Burner testing
System Construction
Industrial Testing

Industrial qualification experimental plan

Average
Test type/week Week 1l Week2 Week 3 Week4 Week5 Weeké H2 % pair Total H2%
Baseline measurements 0% 0%
1st burner pair 50% 18%
2nd burner pair 50% 18%
3rd burner pair 50% 18%
New burner 1st pair 70% 25%
High% H2 test /production 100% 36%
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Industrial qualification

- Hydrogen new gas skid, 2000 Nm3/h
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Large-scale system design

-> Portable PEM electrolyser (3MW, 20kYV, 30 bar g)

Civil works Installation Gommissicning

0, Exhaust

Pipe/Blow-Off

Lance

o>

>

Transformer/ Pracess Technology:
@ Rectifier 'CID- -DI- ——" - Heatexchangers

Hydrogen

Cooling system

Natural gas

ek S SEE Electrical boosting
P generation

Oxygen

:' Natural gas skid =%

Off gas exhaust
-

Installation Commissioning

Filter

PETTTTTTITTrT 3
@ Process Technology:
. - Burners

+ Gas seperators PEM Module An s - .. o @ - Heating electrodes
odule Array : ’ ingle burner . - Intemal piping
+ Gascooler = R e >.@ Hydrogen skid ===« * N B ; Oxyfuel furnace
+ Internal piping ; stations (6x) E @ - Instrumentation
« Instrumentation W Plﬂrogsnl}Supply = ooooc)
Opticnal %
Goood 4 : Goo> oo Oxygen skid D)
@ System Cabinet System Remote @g :’%_-_-_‘: E ? : :
Control & Safety  Control =i freatment | System Cabinet :
i | ! Control & safety Remote Control i H H
@ i Demineralization @‘
E ¥ i ! ! Batch charger Cooling system
a i H H
| |
upPs i Demineralization ' Compressed Air oS ?
jj (Cptons) | (Optional) Electrolyser System Furnace System
g ! ! H
L v i ¥ DLS/internet Raw materials M
] DSLinternet Tap water Waste water Waste water GLASS
N H2GLASS N Existing — Nitrogen — Air — Power —» Water 0, = H, — Coolingwater —» Communication — MNaturalgas —> Raw materials

Process diagram: PEM Electrolyser system coupled with Oxyfuel glass furnace
indicating H2GLASS project scope
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H2GLASS Horizon Goals

Tabfe 2 herview of envisaged on-site tests with H2 at the Industrial Demonstrators’ premises, with KPIls and Tarpeis

SH
Furnace Fuel Product type H2 testing Duration H2 supply
type/capacity
120 MTPD MNatural gas Extra-white (1) Successive testing of all 4-6 months | (1) 600 Nm3/h green H: from portable
Oxytuel /Oxygen/ flint container three pairs of burners (2/6) WE
fumace 10 %a Electrical glass (10 < with 100% Ha; (2) 600 + 1000 Nm3/h Grey Hz by
boosting seed/100g (2) 100% Hz amping to all vehicles
olass) bumers (6/6)

KPI _1: H2 Concentration in the total gas mix, target 100%
KPI_2: H2 in total Energy mix, target (1) 29% (2) 90%
KPI 3 GHG reduction level, target (1) 21%, (2) 62%

170 MTPD Matural gas Extra-white (1) Testing pairs of burners 4-6 months | (1) 600 Nm3/h green H: from portable
Hybnd EP fAarf flint container (2/4) with 100% H2; WE
Regenerative | 45% Electncal glass (10 < (2) 100% H2 ramping to all (2) 600 + 1200 Nm3/'h Grey H: by
fumace Super boosting seed/100g bumers (4/4) vehicles

glass)

KI'_1: 112 Concentration in the total gas mix, target 100%%
KP1 2: H2 in total Energy mix, target (1) 27% (2) 55%
KPl 3 GHG reduction level, target (1) 45%, (2) 62%
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What’s next?
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