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About Our Company

Who are we?

ZEFIRA B.. I1s a cleantech company based In
Eindhoven, building on over 15years of pioneering R&D
conducted at TU/Eindhoven (NL)

Ambition

We combine advanced technologies to build the next
generation of compact, efficient, and modular systems
for I - dalorization and hydrogen recovery .

Why it matters?

Our solutions target the hardest -to-abate sectors e.g
shipping, aviation, and heavy industry, where scalable,
sustainable fuels are urgently needed .

Hydrogen
Economy

® Z=FIRA

Electrification

Carbon
Economy
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Recovering hydrogen.
Producing circular fuels.
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separation, and defossilized fuels



» THREE MEMBRANE PRODUCT FAMILIES

h Dedicated to renewable gas recovery and membrane
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Producing circular fuels.

h Tolerates pH of O to 14 sulfur tolerant
h Temperature range of -20XC to 600 XC
h Wide pressure range, from ultra vacuum to 120bar

2» TUNABLE PROPERTIES

h Pore size distribution
h Hydrophobicity / hydrophylicity

2» TVTUBJOBCMF! XJUI ! MPXFS! DPTU

h No critical raw material needed
h Easy to recycle

2» WIDE RANGE OF APPLICATIONS

hTested for more than 22 applications related to the
Hydrogen and carbon economy



/ZEFIRA technology : versatile and impactful
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ZEFIRA unigue defossilized

A Technology enhancing Process Efficiency & Yield

h

Continuous removal of efficiency limiting side product shifts
reaction equilibrium toward higher conversion .

Lower Operating Pressure & Reduced Gas Recycle

h

Equilibrium shift enable lower operating pressure and/or

lower operating temperature compared to conventional
processes
Minimizes energy consumption and CAPEX, simplifies

process control .

Compact design reduces the need for large separation units.
Reduces equipment size leading to lower Total -capital
Investment and operational costs

High Turn-Down Ratio & Dynamic Operation

h

h

Enables flexible operation, adapting to variable energy
Inputs (e.g., from renewable sources) or load change .
Reduces reliance on oversized hydrogen storage
electrolyzers power E-fuel synthesis project .
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INNOVATION
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CAPEX * V Compact membrane reactor modules replace
multiple conventional units (compressors,
20o 40% |€SS separation, recycle loops).

V Lower heat and compression duty

Operating cost * V Lower separation energy requirement
V Load-following operation enables cheaper PPA,
150 30% LeSS reduced hydrogen storage and smaller battery

systems.

*Indicative ranges depending on application and system integration.
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Membrane Touchpoints

Renewable Electrolysis Haber -Bosch Shipping / &d
Energy or Gasification Synthesis Storage End-Use

Solar / Wind &d OQNAT ¢ &dS dv, & Maritime transport FC / Industry / HRS

. 30%# &d L &Ff 10 1)
RECOVERY PBMR

Reaction +
separation
In one vessel

Loop purge
membrane
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GEFIRA provides hydrogen separation solutions for \ KAdvancing ammonia cracking: ZEFIRA membrane \
conventional ammonia cracking technologies reactor integrates decomposition and hydrogen
separation
Permeate: H
Ho+ N>

98% conversion at 450 XC

Retentate: N

v

Conventional [t _
Fired/electrically He/Nz separations
Heated furnace system ’ MEMBRANE REACTOR
""""""""" NH,; decomposition reaction into
H, and N, and H , separation are
simultaneously performed at
Off-gases much lower temperature than

conventional reactor

\_ / /




Tpical conditions for fossil and green ammonia plant

HABER BOSCH SYNTHESIS1 PROCESS CONDITIONS

Synthesis reaction

,d S Dbé&d
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Exothermic, reversible

Single - pass conversion

~20% (by volume)
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necessary

58h61 mol%
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~58n62 mol%

Same feed quality
H fast permeant
unchanged

Operating pressure
(medium -P HB)

100h 350 bar g

GlZ/Fichtner India 2024 H
selected for feasibility

Operating temperature

350h525)C

Catalyst and pressure
dependent

~19 mol%

~20h25 mol%

Slightly higher H
minor effect on
selectivity

&d-,d CBBA Q>

3:1 6toichiometric )

Mixed before syngas
compressor

~14 mol%

0 mol %

SIMPLER separation
H & d B ArdiBary
effectively

Ar

~6 Mol%

~8h10 mol%

Higher fraction but
still slow H well
separated

, &f

~2 mol%

~2 mol%

Pre-scrubbed in

both cases H no
change




Conventional purge gas membrane separation
system _ 1000 tpd ammonia plant _ 2 stage system
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i =& Flow (Nm3hr) _
100 92% 12000 | NLONRFSB &d C
~88% mol%
banks)
3 - 10000 ~
2 Z
Q " 0 0
£ - 8000 E Retentate &d @NMS B MS7/% mol%
I= - 6000 © System uptime >99% %
° 2
T - 4000 & Long -term stability 5+ years on-stream
- 2000 Restart time after 15 min
shutdown
0 :
Feed to Feed to Bank 1 Bank 2 Fuel gas NHs Operator attention <1 hr/day
scrubber membranes HP permeate LP permeate (retentate) stripper
, &1 -Odamhent < 200 ppm , &f FM C
required
Module dimensions 20cmdia x3.1 m per module

Skid footprint 3.5x3.7m pretreatment



CMS membranes break the polymeric selectivity
celling - by design

CMS Flux-Selectivity Trade-off vs Temperature
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Haber Bosch Purge Gas . H2 recovery Performance
and Technology comparison

Recovery vs Relative Membrane Area Recovery-Purity Operating Envelope
(Higher pressure = less area for same recovery) by Technology Type
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Inert Gas management in Haber Bosch Purge Gas
Recovery

Inert Content in H; Permeate (mol%)

04
0.0

Inert Contamination in H: Permeate
why high selectivity is critical

CHs range
s CHs in permeate
== = Arin permeate

Polymeric == = Loop tolerance (s 2 mol%)
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Permeate Composition: CMS vs Polymeric

(Hlustrative — schematic values)

[ Feed purge gas
Bl CMS permeate (high selectivity)
__m Polymeric permeate (low selectivity)

H;
(target)

CMS: H: gominant,
inerts rejected 7

Polymeric: inerts
co-permeate - loop
poisoning X




H2 recovery from purge gas . Economic return indices

Economic Return Index Annual Value by Source vs Membrane CAPEX
(Annual benefit / membrane CAPEX) (all indexed to smallest plant H: value)
Benefit range (H: $2-8/kg) 25 - I H: recovery value
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Methanol and DME
production

(TRL6-7)

Ammonia cracking
(TRL6)



» - NFBTYV S-DEBLENDING

ZEFIRA contributes to the demonstration of multi  -channel
carbon molecular sieve membranes (CMSM) for hydrogen
separation at TRL 7, scaling up production from lab to

iIndustrial prototype. Prototype will be tested in Italy for
natural grid deblending applications
N
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reactor technologies within an industrial demonstrator at

TRL 7.The project scales up chemical -looping syngas
DBMBQ>SFNM l-d LBL?Q>MB OTQF
synthesis reactors, validating a modular CCU platform for
sustainable aviation fuels and methanol.

(1) and (2) Funded by the European Union under grant agreement N ©101091887and N ° to be 101235724 - Funded by

the European Union



Our Founder Team
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Jon Zuniga (Senior Advisor )

MsC Mechanical Engineering

> 18years head of Membrane
technology departmentat  Tecnalia

FMMNU>SFNM SN
science, engineering, and venture creation for a net

Dr Camel Makhloufi (CEO)

PhD Process Engineering

> 17 years experience in Decarbonization
& Energy in utilities, OEM and
investment fund

FMATRSQF>K FLO>@S” 8#%' O
-zero future.

Pr Fausto Gallucci (CTO)

PhD Process Engineering & Professor at
TU/e

>25 years experience membrane and
plasma Technology development

> 350 papers, 10 patents
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