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AVL COMPANY PRESENTATION

AVL &g

We Owe. It to the Planet

It is our duty-asan organization __'cpntribute to{h’e e

resolution of social, cultural’ dbal issues - especially
with regards to environmental-proféction, sustainability and

global émission reduction.



AVL Fuel Cell Global Footprint

= H, & fuel cell development since 2002

= H, & Fuel Cell Tech-Centers
= Graz, AT
= Vancouver, CA
» Kecskemet, HU
= Warsaw, POL - new
= Remscheid, GER - new

AVL Fuel Cell Canada - Vancouver / Canada

’\ " ! ’l , i
" AbOUt 500 engineers in ShortSt’ack l Stack Leak En onmental Plate - | Short Stack
engineering, testing & simulation - ' o S | T““"G””

wh;j‘ a

}‘ h" I

SRR B c—

H i

o

= More than 170 granted or applied W

patent families

e

”» "
s

Stack Test and Prototype Lab - Vancouver / Canada
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PEM and SOC High Power System

AVL Fuel Cell and Electrolyser @220y G
Testing Infrastructure " power systemstesting |

« Phase 1 - 2022 Q3
« Phase 2 - 2023 Q3

Remscheid / Germany

Vancouver/ Canada Graz / Austria Kecskemet/ Hungary

PEM single cell to full size stack PEM Full Size Stack T TR PEM and SOFC System
Polarization curves « Polarization curves N W System polarization
Op. Conditions Sensitivitie « Durability g e System efficiency
Durability v‘ PEM and SOFC System Component characterization
Start up - Shut Down System polarization System Durability

Component characterization

System Durability

Freeze Start

Compression sensitivity
Freeze start
Contamination tests
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AVL Test Factory - a ONE-STOP-SHOP

‘ >1.250 experienced & skilled Team

.
158
L&
caf
i
[

) — * ‘ >300 Testbeds of different types

g )

«~{’

ke 7 A
g =y |

) ' | . -

) X
b

|
|

|

‘ Cutting-edge measurement technologies

‘ Best in class test management & execution systems
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Efficient Prototype Procurement and Logistics
Challenges

Avail-
ability of
parts

Start Unit Under Test (UUT) Build

Public | Fuel Cell and Electrolyzer Testing Challenges | 28 Marz 2022 |



Efficient Prototype Procurement and Logistics

Quality Gate

e

Planning :
P orcririit P Orcerns P mackns g

= Procurement = Finalizing = Activities at = Checking the = Preparing for UUT

milestones needed parts suppliers quality Build
= Scope of delivery = Purchasing = Partsincome and quantity = Creation UUT

. . : = Parts Build
= Potential suppliers = Recording for :
measurement documentation
: further use
= Final release dates : :
= Reaction on = Handing over the

quality deviations UuT
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High Quality Prototype
Assembly Challenges

Harming
Partlcles

De-
viations

Feed Gas
or
Fuel Loss
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High Quality Prototype Assembly

Check of pressure drop (acc. to QES Doc. No. 1251693) IObserve manufactuerer information
Individual leak tests may only be carried out after one another, if the previous point has been properly
completed!

[Measuring device: T o0 Selecttiz by Herth+Buss | Measurin g device no.

Pay attention to the operating manual.

S t m = 1. Flushing with nitrogen
y S e p r e 2. Leak test with nitrogen Eressurolcroo T CRT—1
h k 3. Flushing with hydrogen ~ o = 3.1 1
C e C 4. Leak test with hydrogen

5. Measuring of smaller leaks with leak detector

El

6. [Comments:
[Additional applicable documents:

VA safe Handling of Hydrogen on Test Beds and in Vi
[AW Establishing and ensuring the safe state when wo

[-Name of the inspector | Date ]

Project parts

Compatible

and materials

consumables

High performance

High cost
Engineenng m.r}'l’l?'L'rJ-

Engineering
polymers

Parts ]
cleaning

FY Ry
P Falordchooade Lo cost
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High Quality Prototype Assembly
Competences

= Early Prototype build-up
= Fast reaction on design issues

= Train technicians in-house or onsite at customer

Heavy Duty Passenger Car Stationary
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Quick Exchanges of UUTs
Challenges

Public



Quick Exchanges of UUTs

= UUT preparation outside of test bed
— Mechanical and electrical setup on pallet
— Parametrization and calibration
— Leak and system check

= UUT setup and commissioning on test bed
— Standardized interfaces
— Safety and Quality checks

Reduce setup and
instrumentation time
@ test bed up to 60%

Public
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Ensure the Safety of the Employees
Challenges

Incidents

Skills

Staff

‘ capacity
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Ensure the Safety
of the Employees

= Procedural instructions
— Safety standards in combination with fuel cell
— H2 Responsibilities

welt

8 - -
Managem%?'!jctm £ Verkauf Project £ Pl IntemulturahtatSaIes

Cross Z1E & Managem H’Pro;ektmanagement

= Training of Employees Cultural & & £ Finanzen
— Modul based training Training () & Dsaca é:rgﬁ‘*gpﬁaeﬁi?[m
_ Fuel Cell handling F”h"”'i‘(" elbs’ﬁ(managementl Computing
(training on the job) Oml'qunl atéoq Basics I 1 Deutsch
eamarpel —MarketlngTeamwork

-8 \erkauf
Englisch
= Safety Checks (HV and H2 release) O
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Establishing enough Testing Capacity
and Infrastructure Challenges

Remscheid / Germany

,... Kecskemet/ Hungary

Vancouver/ Canada Graz / Austria-

Fulfil
customer
require-
ments

Test bed

connect- Test field

utilization

ivity
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Establishing enough Testing Capacity and Infrastructure

= Variable equip able test field related to customer requirements
= Modular test bed concept starting on system level
= Usage specific hourly rate @
(test bed equipment)
= Remote Control

= Test bed aligned to
AVL pallet system

= Fuel Cell conform
supply media

Public
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Suitable
equipment

Fulfil Testing Efficient
requirements testbed use

Testing at
Non-
standard
Conditions
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Testing at Non-standard Conditions

= Temperature range

= -40 °Cup to + 60 °C

= Altitude range from sea level (0 m) up to 5000 m
= Test bed aligned to AVL pallet system

= Fast change between test bed A and B

= Test program aligned use of test bed
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Improve the Value of individual Tests
Challenge

Calibration task: Steady state system efficiency maximization

Current

Coolant Temperature Inlet

Maximize!

Temperature Delta

Keep
below

Inlet Humidity limit

Keep

Inlet Pressure below

limit

Cathode Stoichiometry

Membrane difference pressure
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Improve the Value of individual Tests
Solution

Traditional DoE
@  Test - Model - Predict — Optimize: Too late for knowledge gained after testing to improve the testing phase

Standard DoE workflow Optimization might fail or
model unusable

a 354 {
21 r / T
Full Test » * Tat » Model 1 » Choose »
matrix " Ly ﬁJ optimiza_tion
generation == U'b;. . .. ‘. * . | ' ’ Criterla mmmmmmmmmmmmm

For high numbers of input dimensions or highly
non-linear systems, even standard DoE
has it's limits
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Improve the Value of individual Tests

Solution

Active DOE

®  Model and Predict during the test: Bring Knowledge forward to the testing phase

Standard DoE workflow

AI Active DoE workflow l

Choose areas
of interest/

jagianger . Update

Start Test
matrix
generation

Rebevant " 108
tradeoff 48

»

Public

Bring knowledge forward
After every
point logged
_ 15

Test © Model

0 10 20 30 40 50) 60

Calculate next
Test Point

4

70

Al

80

i, o Rl |

.
‘ Final model .
.. creation ;'

wl . . beet |

¥ _ v
1 Successful

model creation &

T T T
50 60 70 80

optimisation!




Improve the Value of individual Tests

Solution
Automated execution on the testbed
CAMEO Solution with handling of limit reactions
. 4
- Minimized testing effort by measuring only -,
relevant variations with Active DoE [

- Active DoE decides which variations to f
perform based on self-learning models
during the automated test run

Active DoE
line Model Calculation & Adoption
of DoE plan

U_Dif

[

i

- AI models allow for fast and easy cognition
of the system behavior and its influences

I Calibration Maps |

Sys_Eff

ol N 5 d .

. . . . . - 3 N S @ a

- Optimization algorithm finds the optimum a2 . & s 5
calibration considering constraints and T & £ 8 £ 3 £
delivering smooth FCCU maps at the same smr‘ I S S |

. Resulting behavior I
time

Creation of Calibration ready g \ g gi - g fn ‘ g
and smooth maps with p e Aol e e o
optimal efficiency coment & | current S cumem &S




Improve the Value of individual Tests
Solution

Back: Baseline
Green: After Optimization

- Each load point shows an
improved efficiency

I B IR R A A « At ~150A, the efficiencyis
[ S S S A S S S S S R S A A increased by 4%.

Sys_ Eff
.s

I D L R R « Effort: ~50h runtime,
I S S e S S R 5 """""" A N mainly nights and
: : : : : : : : : : : : : 5 Weekends_

. e . Reduction of >75%
| T T T A T T N DR T T R A compared to manual
: : : : : : : : : : : : : : : : a pprOaCh

50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450

I Stack
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Efficient use of the "Night shift”
Challenge

N ¢ NI O MR O
available available

0:01lam 8:00am 5:00pm 11:59pnmr

A%

Testbed not utilized ® Testbed utilized © Testbed not utilized ®
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Efficient use of the "Night shift”
Solution

Automatic execution . . . Automatic V-I-
; Manual calibration activities
of Active DoE Curve

0:01lam 8:00am 5:00pm 11:59pnmr

Automated execution on the
testbed with handling of limit
reactions

EU Harmonized Test Pros is for PEMFC-MEA Testing in Single Cell configuration for Auf Applications ‘@
- O

- St

M HH saiiky

{ —

Active DoE
Online Model Calculation &
Adoption of DoE plan

Current density (A/cm?)
-
g

—

: \\\ alibration Maps 123 45 6 7 8 9101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
i

. / \\\ ﬁ a 5 0
| | 8 E g Automation of test procedure

] i " a 81 o

;8 "Q S J ‘. K D - §

5 — 5 —]
Current = used on
esultin ehavior T 5 wu:d ‘ur:‘f. test be
:

Creation of Calibration ready
and smooth maps with
optimal efficiency

Testbed utilized © Testbed utilized © Testbed utilized ©
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Reduce Amount of UUTs
Challenge

Physical Testing

Testbed Prototype System Prototype Vehicle

Public | Fuel Cell and Electrolyzer Testing Challenges | 28 Marz 2022 |



Reduce Amount of UUTs
Solution

| &
A2n

Virtual Testbed

Office Simulation

Prototype Vehicle

Public



Reduce Amount of UUTs
Solution

. - : Virtual Testing in Calibration
Virtual Testing in Design Phase Validation Phase

Vehicle Simulation
(Drive-Cycle from Vienna to Graz)

Cotapteascy Deive Cyele Operution
Y T

4 T
g—crrr
3.5 I . . ‘ y " " - " .
ﬁC—System Simu Iatlom i
. . - B . T TIPSR Brospe gy SO
, 58 (coupled MiL Environment) - = =y i
% | Closed Loop MiL Testing | I—“‘l"‘;
2 2Er Plant Model -, ws e Pe—
E = Seberovm Nawr Ehetetosie (34N Pomr S50 Wby
E L ARUATIS Dk AR R
181
Testing and Calibration Test Automation and Report Generation
: & AVL Maestra®
<

. /
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Smart Evaluation of generated Test Data via
“Event-driven Big Data Analytics”

Preprocessing

Missing
content
informatiop

Result
Database

Missing
computational

compare?

(" example )

669 measurements
196GB/176h

Extracting ...
... 14.825 events
... 2.591 aggregates
.. ~38 Mio. results

k in 20mins! /
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Exploration with the interactive Chart and Dashboard
Configurators

VFE0015 A @ u24f53

Streamlit App = =" markus kammerhofer@avl.com

FASER Streamlit App ™" markus kammerhofer@avl.com

AVL gzc VFE0015 u24£53

Last result refresh: 27min

Chart Configurator

UStack =
Select aconfiguration (optional) Last result refresh: 42min
500
1.640e+3
Pages UI_UStack = = )
= 450 5 -
Dashboard Configurator & .
B r j - . ¥ ' o 1635¢+9
© Chert Configurator Filter - o 8 4003 >
@ |
Channel Management 3 L
- Events (Leave empty to consider all events) o Dashboard Confi it N 1.630e+9
DVP Monitoring - Sunburst O ashboard Configurator 350 7 E
A f 2
RAW File Analysis °- F I I t e r Chart Configurator . H
t t t t
Channel Management 0 100 200 200 400
DVP Monitoring - Sunburst IStack [A]
\ U fiter sa7/1de2s Y, RAW File Analysis , EfFuCellsys
Files

(| Loyout - Y

15408+

55 M
= i
Chart Type o
P 2 N ' %
Date Files 2 hl [] 1.635¢+9
3 50 o 635e+¢
Scatter - & . s g ® ] ’ 3
ct t £ k]
h L noption - =
& 45 4 a 1630e+9
. . =
X-Axis g
Date o
40 t t t t
Aggregate Display Name 0 100 200 300 400
. . ISt 7
User: u24f53, IStack |
IStack_avg - Avg. Stack Current . PwiFuCellSys
Configure
Autorange x-axis o]
Check for new results s - 1) 1.640¢+9
H = g P e
y-Axis User: u24fs3 & . =
2 807 . &
E . ol 1635¢+9
Aggregate Display Name IR - - i
& 403 . f K 1.630e+9
Ustack_avg = Avg. Stack Voltage Check for new results 203 L H
2 2
. ®
X L L S e e e e e S AL S e B
Autorange y-axis 0 100 200 300 400

. J IStack |

POxStackinlet

2400 7
Avg. Stack Voktage over Avg. Stack Current )

o] 2200 3
| B 1640849
| 2000
= .
T 1800 3 &
£ . ® o 15635e+9
D 1800 L] e
3 * 3
= E! - ksl
o 1400 L o 1630e+9
o . - |
nalyze SRR :
. ®
1000 +—————t—— —_
0 100 13713
ame: 2021-08-23_UI_CAMEQ_opt mi4
Start: 1380.40
TCxStackinlet
707 End: 1500.40 ,

0 t + ; T . Duration: 120.00 5 S —
' ! . 2 o Steady State ‘ B
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Key topics and takeaways

Optimize testbed Maximise the value Establish flexible
efficiency, of individual tests testing
performance and infrastructure

safety
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AVL ¥

How to solve the ten most significant fuel cell and electrolyzer t

Q&A



Contact

O

® 6

LOCATION PHONE EMAIL WEBSITE
AVL List GmbH +43 316 787 7014 christoph.supper@avl.com www.avl.com
. +43 316 787 1543 Horst.Ki ri@avl.com
Hans-List-Platz 1 +43 316 787 2700 e e
8020 Graz +43 316 787 8981 Markus.Kammerhofer@avl,
Austria com
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