AN \V{—{ N w

Innovative Fuel Cells

Next Generation Components f
Relevance in Marme Application:

|EA Technology :

A — E
o~ x“ﬁ“ “qﬂ?y‘ Q o - "1

lovembe

e




38 70+

Employees Successful R&D Programs Patents Issued,
Licensed, or Pending

Organization 39

Advent Technologies GmbH
Kehl, Germany

Advent Overview

Advent Technologies LLC Advent Technologies SA,

Silicon Valley, USA Athen;, Patras and
Kozani, Greece
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Competition

Typical
low-temp

The Next-Gen Fu

fuel cetl—minmm

Requires 99.99% pure
hydrogen. Infrastructure for
storage, transportation, refill is
very expensive
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www.advent.energy

Advent Fuel Cell

No need for expensive hydrogen infra
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Comparison based on 1 day (6MWh/day load) trip

Battery Only System Advent's Electric Power Systems
= .
Comparison |
1 B
; Wi |
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il
Batte ry On ly 7 times lower weight than battery only

35% less space required

3 times lower cost

VS
Advent's Fuel Cell
Electric Power System

Comparison based on 3 day (6MWh/day load) trip

Battery Only System Advent's Electric Power Systems

13 times lower weight than battery only
72% less space required
9.4 times lower cost




Legacy Projects: RiverCell 90 kW Integrated Solution in Neptun Werft Shipyard

18 RMFC unlts stacked in parallel

L iy

.e 90 Kw max output
I@ 1050 V power llnes

ot
s | B "i -

90 kW installation RiverCell Il
1 X base + 3 x FC Racks

!@ Fully automated operation

@ Well Documented

@ Used for IMO and ICC CEVNI Class Rule development
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Methanol= Liquid Green Fuel and ek sie werdeBigget
Excellent Green Hydrogen Carrier

Orders for methanol engines

§p|_d§mhm outpace LNG for the first time

* Grey methanol: Derived from natural gas, undergoing an { : REUTERS'  mememotredunamoocs "
electrochemical conversion process to produce power (and |
Methanol as fuel heads

heat) in fuel. Cel.l.S. e for the mainstream in
DNV shipping

¢ Biomethanol: Sourced from biomass, waste, or biomethane
via gasification methods.

« eMethanol: Produced through a combination of green
hydrogen, generated via water electrolysis using renewable
power sources, and CO2, i/

Methanol is the Fuel of Tomorrow, Available Today

20m tons

Production
Capacity 2028

130

Green Methanol
production
projects underway
60% e-methanol,
40% bio-methanol

251
Methanol-fueled
vessels are either
actively in service or
on order.




Types Of Methanol Vs Diesel

Advent Fuel Cells can also use H2 or natural gas, ethanol

. TCO/kWh (incl. capex, . .
Fuel Cost vs Diesel . ( P CO2 Emissions Pollutants
service, fuel)
Unburned Hydrocarbons (HC),
. carbon monoxide (CO),
Diesel CO2 nitrogen oxides (NOx), SOx,
1,162 gr/kWh particulate matter (PM), BC, OC

Grey Methanol € a No

SOx, NOx, PM2.5, BC, OC
60%-80% 0.41in 2026 605 gr/kWh

€ O\o. --
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COMPETITION 33%

Low Temperature efficiency

ADVENT 45%

High Temperature efficiency

§ CO M PAR I SO N Proton Exchange Membrane Proton Exchange Membrane
: LT PEM [GapaaLY%
Q
S
S
=3 | FUEL Methanol Methanol
o
2
'§ EVAPORATOR Using stack waste heat &
|_
~« Simple and
REFORMER cost efficient
:
[ | | GAS PURIFIER Not necessary &
i
A FUEL CELL Can function down to 70% Ha2.
Q . ldeal for methanol, up 3 % CO



'System simplification with HT PEM T e

1] Radiator ! Fans

Electric
Maotor

External cooling with 2-phase (liquid vapor) flow of water-(or other
benign fluid) LT Coolant
. Eliminates problematic oils typically used as coolant

+  Cooling effectiveness of latent heat transfer is much better compared to -
sensible heat transfer Air

. 2-phase flow assures exact constant temperature .

. Smaller low power pump

. Smaller volume of coolant due to highly effective latent heat transfer
. Small piping circuit components

. Edge, not internal cooling

Cathode MH

Pressure
Conlrol
Valve

Demistar

i S R R R R

VNT ]t’ ______________
Actuator Differential ! Pressure
) Pressure ~ Regulator
L4 ]
Cnmpmsaurl wotor | E der

CEMM

LT PEM System, from Ahluwalia

"HTPEMFC THERMAL MAMAGEMENT SUBSYSTEM

Mixer
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'Primer on HT PEM

Generation

1990s, Case Western, Savinell

polymerization
! casting hydrolysis
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~2004, RPI, Benicewicz &
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polyphosphoric acid
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~ 2018, LANL, Kim et al.

How it is made

Advantages

Disadvantages

ADVENT

HPBI"

Dip m-PBI engineering polymer
into phosphoric acid

First to demonstrate HT PEM,
moderate acid loading that is
loosely bound to membrane

Thick membrane, not capable of
higher power. Lower acid meant
limited lifetime.

Calundann, “PPA PBI"

Polymerize p-PBI in the presence
of polyphosphoric acid.
Hydrolyze.

Very high acid loading.
Improved lifetime and
performance

Control of acid leaching

Thick electrodes and membrane
> 200 ‘C reverts to gel

Still Limited life at higher power
output

“lon Pair”

Dip anion exchange membrane
into phosphoric acid . Forms tight
ion pair complex

Low loading of tightly bound acid.
Can make MEAs that have
architecture closer to LT PEM.
Demonstrated higher power and
lifetime than Gen |l

Full potential not realized

www.advent.energy 10




'DOE HT-PEM MEA is portfolio of technologies (L'Innovator)

DOE technology provides a path for HT PEM to be competitive with LT PEM

Membrane

lon-Pair is new paradigm for HT PEM

Led by strong computational modelling to
predict favourable ion-pairs

Backed up by synthesizing the structures and
testing: identified optimum

More water tolerant vs TPS or PBI

For example, functionalized DAPP (AEM) from
Sandia National Laboratory (M. Hibbs, C.H.
Fujimoto, et al.)

Binder .
/electrolyte

‘Decoupled ionomer”

Structure of ionomer (binder) is not same as
membrane

Can design for higher oxygen flux

For example, phosphonic acid
functionalized poly(pentaﬂuorostyrene)
(V. Atanasov, J. Kerres, et al)

HO H\()H
PWN ©

Catalyst

Stabilized Core shell (Brookhaven National
Laboratories)

High activity

Robust to cycling

Multi-component intermetallic internal core, thin
platinum shell

ADVENT

www.advent.energy
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y Lifetime, single cell, 5 cm2 (at Los Alamos)

0.7
«—
0.6 - (HO00000000 900000000000000000000 00000000 ¢ , .
::'"" lon Pair HT-PEMFC High air flow to
_ " 90000 o accelerate
} "
g 0.4 TS degradation
i ~~. —2 o
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Published in Nature Energy 2022
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'Lifetime, single cell, 45 cm?, industrialized MEA

45cm? IPM-1 MEA / Cloth GDE: 160dC, 0.6A/cm?2, Ambient Pressure o lon Pair -4.2 uV/hr after 2500 hrs.
. o Under these condition prior
0 generation (PBI) closer to -8 uV/hr
. with failure > 1,000hrs
0.7
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Run Hours

Forth uncontrolled shutdown at 2,550 hrs led to failure 65 cell stationary stack with lon Pair

(165 cm? active MEAs)
Similar lifetime

ADVENT www.advent.energy




W Lifetime, on/off single cell

Single Cell at 45 cm? active area

Potential (V)

- Standard Materials, ambient pressure, H,/Air,
- Achieved 0.02mV/cycle drop after 280 cycles
vs. 0.5mV/cycle for PBI

Honey Badger Startup/Shutdown: V. @ 0.3 A/cm?

0.64

0.6
058
056
0.54 ® Series1
052

05

o} 50 100 150 200 250 300

Cycle

50 W battery charger

Integrated methanol reformer

Can reduce energy weight in the field by 75% vs
only batteries (72 hour mission)

lon Pair allows 30 % reduction in mass and 27 %
reduction in volume vs 2022 soldier unit w PBI

7)) ADVENT
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Forging Strategic
Alliances For Joint
Business
Development

Advent forges strategic alliances for customized
product development with:

» Shipyards

* Ship design and engineering companies

* Propulsion and power machinery
producers

* Propulsion, energy and automation
systems designers and integrators

» Fuelinfrastructure, Hydrogen, and
methanol fuel suppliers

 Classification societies

* National laboratories

) ADVENT
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