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> Global player

Our company figures
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Your partner for safe automation
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At home in every industry
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Pilz Innovations in History

Company founded 1 948

One of the
first timers -

The first B
control system - _
the EUROPILZ
System
M‘\‘
The first
programmabla |
controller - P C 4K 4
(Z L
The first compact | |
programmable |
controller - PITRONIK W A Y B \ & 5 »
1978 1980 -1989 ™ st 2010 to today
SO iy PNOZ PR
5 elay —
Zsil 1990 - 1999 2000 - 2009
m The first Industrial PC with  Safoty-related.  The first, safe, The first modular  The The first safe The standard The first servo PSENvip - The first CMSE" - firstinter-  Launch of the
programmable the functional PC-based open safety safety system -  decentralised camera system - for sthernet- amplifier availabls based ion system nationally certified web-based
safety and safety of a nhatworking - fieldbus - PNOZmulti 170 system -  SafetyEYE based com- for humerous protection and  for standard qualification for visualisation
i 1 987 control system = PLC - MIPSS Slot PSS SafetyBUS p PSSuniversal munication safety functions =  measuring and safety - hinery safety
e T or PSS 3000 for safatyand  PMCprotego system PSS 4 PASvisu
3 — = automation - . = —
PITRONIK P3/P10 l W ey e J f?-\\ i [ -
SCSE HE 3 ,g K] y A i EO = R
i SafctyBUS p L & T8 GaretyneTp i R -
- lh , - Gateeraus y- Né ® i e =

— ———— i ————
1995 1996 1998 1999 2002 2005 2006 2007 2009 2013 2016

| | | | | PILZ |

e company and brand Pilz




» Pilz worldwide

42 subsidiaries Large number of

Pilz partners
worldwide

International ¢ Ambassadors Customer
focus i for safety orientation Numerous sales

partners




» Safety expert

o =
a-t : b

s
'-3
-A, -

‘ RO on Involvement in
-+

-"b—*'

o around
Safety is our core objective 50 standards

competency i Global committees

S

safety worldwide

IEC
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2. SUMMARY OVERVIEW OF THE NATIONAL HYDROGEN STRATEGIES?

The table 2 below aims to surmmarise the differing objectives and sectoral priorities of the published national hydrogen strategies.

CATEGORY

Strategy contains timeline for market development
with targets

Strategy ins hydrogen cost targ

Strateqgy includes measures to support H2 development

Australia

ASIA

Japan

South
Korea

EU

France

9]

Germany

Hungary

O e

EUROPE
Netherlands

o

MNorway

0| O

Portugal

o]

Spain

o]

Chile

NORTH
AMERICA

Canada

Direct investments

Other economic and financial mechanisms
Legislative and requlatory measures

Standardisation strategy and priorities

Research & development initiatives

International strategy

Strateqy addresses social issues for H2 development

([ JL AR B BE BE BN ]

Oe el e e e e

LI AR BN AN BN BN ]

[o1F 3R 3N K BEK Bie

® % % e 0 00

[ JL K AN JN B B ]

[ JE B AN AN BE BN

Strategy includes review and update
Strategy's H2 target source by 2030
Strategy's H2 target source by 2050

Clean

Clean

o)

Fossil-based
with CCS

€O, free

O

From natural gas

o

Lo carbon

Eco-friendly CO,-free Rf'tnn !

riewable

O

Low-carben & |
fossil based

Lawvi-carben

Carbon-free

Renewable

O

Loy carbon
& carbon free
Lo carbon
& carbon free

(o]

Blue & Green

Green

L]
Clean

Clean

L]
Green

Green

]
Renevable

Renewable

L]
Green

Green

o

Leww carben intersity

Levw carbon intersity

Import / Self-reliance / Export
MAIN GOALS / DRIVERS

Decarbonisation

Diversify energy supply

Foster economic growth

Integration of renewables

SECTORAL PRIORITIES

Heating

Industry
Iron and Steel
Chemical feedstock
Refining

Power

Power generation

Export; Self-refiance

Mot seen
Mat seen

Impart

Impert; Export (tach)

Mot seen
Mot seen

Mot seen

Depends an
| Mernber States

Mot seen

Back-up services

( Transport \

Passenger vehicles

Medium and heavy duty

Rail
Maritirme

Aviation

22.11 Source: World Energy Council

¥ Methodalogy: Naotional strategies published until 30th May 2021,

Strategies content:
® Mentioned O Not seen

® Detailed

Mot seen

Goals and sector priorities:

Export Impeet; Expert (bach)

Mot seen

Mot seen

Self-relisnce

Impart to expart H2
{EU hub)

Mot seen

Self-reliance

Self-reliance;
Export

Self-reliance;
Expart

Self-refiance;
Export

Self-reliance; Export

WORKING PAPER | NATIOMAL HYDROGEMN STRATEGIES
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International value streams

Hydrogen costs from hybrid solar PV and onshore wind systems in the long term.

',_‘*_ —~ ,‘:' g -
\ T
- £
 J
&
%
Source: IEA.

Surface needed to convert all the world's
energy consumption (556 EJ = 154.444 TWh)

Geographic hydrogen hotspots - KPMG Global

KPMG

22.11.2023 Success Stories

&
USD/KkgH,
B-<-15
1618 .
10% Australia‘s surface (PV)
B 1820
2.0-2.2
22-24
24-26
2.6-2.8
2.8-3.0
3.0-3.2
Wind rich, access to
natural gas,mixture of
technology exporters
P Self-sufficient and
world’s largest
. producer of hydrogen, .
North America ° sun rich, access to coal LNe‘; ent?rgv |mpor:ers,
: . and natural gas echnology exporters
Wind rich, technology 9
exporters
L e 00

[l Net exporters
. Self-sufficient

. Net importers

Planned and
proposed
export routes

South America

Wnd and sun rich,
ambitions to become
exporters

Sun rich, cost-competitive
for blue/green hydrogen

Sun rich, natural gas
access,cost-competitive
for H, derivatives
(ammonia)

Sun and wind rich,
access to coal and
natural gas, could
become self-sufficient



https://kpmg.com/xx/en/home/insights/2021/01/geographic-hydrogen-hotspots.html

Quelle: Guidehouse nepsigudenousecomi/medaiww sl ainsight slenergy 2022 ran sportoptions for-covering-gemanys-green-hydrogen-demand. pd)

Intarnatinnal tarnoat raninncec fAar NNENA

Germany: International cooperation and export potential for

green hydrogen in 2030

VDMA: perfect fit to the business
model of EU machine builders
(export technology)

/'
L& VDMA
/

good Iceland

New Zealand
South Kore§ audi Arabia

® @

Uruguay Japan
Q g man
= . South Africa
- India
political and : _
economical | Vietnam  China Tunisia
framework

‘Iran
bad

Brazil aystralia

Argentina

anada
USA

Chile

Morocco

Ind‘3‘3SiaUzbekistar‘ Kazakhstan

Export potential 2050

small huge

Countries with
high probability for
technological
cooperation

Stand Marz 2022

expensive <

VDMA P2X4A | Peter Miiller-Baum & Thomas Michaelis

22.11.2023 Success Stories

potential
import costs

» cheap

*prior to the Russian invasion on 24.02.2022

PILZ | 12




“South Africa’s solar in the Northern Cape has the potential to not
only generate energy for the domestic economy but also to export
this clean energy through the West Coast Ports”

sx:vcm@

.=' 3 0 - 'v
B . OFCONGO . -£¥%

- The governments of South Africa, the Netherlands and Denmark
‘ have launched a $1 billion greenhydrogen fund. South Africa

e President Ramaphosa: "the investments in renewable energy
would be beneficial to all three countries."

Dutch Prime Minister Mark Rutte: “With its enormous renewable
resources, South Africa is uniquely positioned to become a key
player in the global hydrogen market, and the Netherlands is
equally well-positioned to become a strategic partner. First as a
partner for local development in the fields of renewable energy,
hydrogen and infrastructure, and also as a hub for hydrogen
imports”.

Danish Prime Minister Mette Frederiksen: “Denmark is, of
course, very proud to be a partner in South Africa’s just energy
transition. We will contribute with around R3.2 billion to improve
supplies of green power and to strengthen the skills, the
employment and the local development

Source: Global Wind Atlas 2020 x Ji| 10 HS 16.10.2023

22/11/2023 Pie de pagina mediante INSERTAR > Encabezado y pie de pagina > Aplicar a todo 13



E2 H Electricity to Hydrogen [ H 2E Hydrogen to Electricity

s a i
oL Qo o -
- q‘ Water H,0 Oxygen O, (_5
L 02
Illl \‘\\\ . . PR Electric
battery
IL @
Solar power Electric energy p— T _ § I‘( —————————— \_. P — -; e s o= :.‘
| é == ; Electric energy
( \ - H - )
Electrolyzer | 2 © @~ I _
// \\ b = Hydrogen H, 1 . 1 EIeCtI’IC
Ve Storage & | ; Vehicle Vehicle Fuel | ' drive
Compression | - Refuelling L Cells FCEV ) !
\ & J \ | J )
Wind power
Y » Often seen as: The O
enabler for ramp-up of 2O
Water H,0
p N p \ hydrogen economy .
Aftas | Qb6Mbk
Electricity grid L Grid balance

» Hydrogen can be made without any fossil fuels in the production and delivery of the fuel, as it is made on-site. Renewable Energy and excess
electricity from the grid is used, along with water to generate hydrogen and oxygen gas via the electrolyser
» The hydrogen gas is stored and then used to refuel fuel cell electric vehicles.

22.11.2023 Success Stories PILZ | 14



» H2 Refueling stations worldwide

& AN ludwig bolkow
il by :
5~ ‘» . systemtechnik

P an Stations Wor
- o ~ e R o
E .

Hydrogen Refuelling Stations
@ in operation
® planned

Status as of January 2023 A

(‘. /Y ludwig bolkow
Nl systemtechnik

© Ludwig-BéIkow-Systemtechnikv GmbH www.lbst.de

P udwi bolkow
(& systemtechnik

Press Release 2023: Another record addition of European hydrogen
refuelling stations in 2022 - H2Stations.org

Hydrogen Refuelling Stations
@ in operation
@ planned

Status as of January 2023

© Ludwig-Bolkow-Systemtechnik GmbH www.lbst.de
22/11/2023
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https://www.h2stations.org/press-release-2023-another-record-addition-of-european-hydrogen-refuelling-stations-in-2022/

» Battery vs. Hydrogen in vehicles

» Limited storage density for batteries in the future
Energiespeicherung im Fahrzeug » purely battery-electric drive only makes sense for small vehicles
Gewicht und Volumen von Energiespeichern flr 500 km Reichweite with a short range

P Source: Wasserstoff als Kraftstoff (yumpu.com)

Anwendungsfelder fur
verschiedene Antriebskonzepte

Fahrprofil

e
=
o
—
Q.
)
7
]
-

G APCE

G ARCE

PILZ | 16
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Gaseous Concentrations
Ignitable mixtures in the carburettor

22.11.2023 Success Stories

DEUTSCHE VERGASER
., GmbH&Co KG

untere ideale bzw. obere
Explosions- stochiometrische Explosions-
grenze Mischung grenze
O
0 Vol% E w E 100 Vol%
G
ZU mageres explosionsfahige zu fettes
Gemisch Atmosphare Gemisch

» Lean mixture

> rich mixture
18

PILZ |



Hazardous Concentrations Hydrogen vs. Methane

Flagship Project ﬂ? | ﬁ?‘éﬁ’ﬂim"”

TransHyDE Verbund Sichere Infrastruktur M Research
Safety Challenge: Explosion Hazard

Hydrogen Methane
100 Vol.-% i Rich mixture
77 vol-% upper limit Explosive atmosphere
4 vol-% lower limit Lean mixture 4,4Vol.-%

TransHyDE-Verbund Sichere Infrastruktur — Prof. Jlirgen Wéllenstein —30.11.2022 2

22.11.2023 Success Stories

v

Explosionsgrenzen sind Grenzen des sogenannten
~Explosionsbereiches®. Die untere Explosionsgrenze (UEG)
bzw. die obere Explosionsgrenze (OEG) sind der untere bzw.
obere Grenzwert der Konzentration (Stoffmengenanteil) eines
brennbaren Stoffes in einem Gemisch von Gasen, Dampfen,
Nebeln und/oder Stauben, in dem sich nach dem Zinden eine
von der Zindquelle unabhéangige Flamme gerade nicht mehr
selbststandig fortpflanzen kann

Explosionsgrenze — Wikipedia

Yellow: Concentration is too high for flame to
spread explosively
Red: Flame spread "explosive"

Explosive concentration range H2 is larger than
methane

Hydrogen (almost) always explodes
Methane (almost) always burns

PILZ | 19
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The Hydrogen process

Large scale Electrolysers, b Pipelines Hydrogen, Compressed steel plants

. . Powerplants, b Ships, Carriers Gaseous Hydrogen
industries Hydroelectric, CGH;,

ectrolysers uel stations ngines/enerators

Special » Reformers » Mixture stations » which use hydrogen as a
Machines > LOHC (iiquid-organic hydrogen fuel

carrier)

22.11.2023 | T ol | = PILZ | 2



Automation & Safety requirements

Application types

Functional safety
requirements

Automation
requirements

H2'
Generation

AWE, AEM, PEM
Electrolysers

Reformers

Release H, from carrier
NH3 / LOHC (liquid-organic
hydrogen carrier)

Pressure monitoring
Gas detection (monitoring
of room/enclosure)
Temperature monitoring
Voltage monitoring
Current monitoring
Safety Gate Systems for
containers

access management
(ATEX)

Process quality (gas
drying)

avoiding oxyhydrogen
gas (explosive)
Closed loop controls,
analogue value
processing

Usual process control
functions

H,-Transport H,-Storage

LOHC (liquid-organic hydrogen
carrier)

leakage detection
tightness monitoring
flow monitoring

leakage detection
tightness monitoring
pressure monitoring

Stations

Gas refueling
Mixture stations

Tightness monitoring

Gas detection (monitoring
of room/enclosure)
Pressure monitoring

Gas mixture monitoring
(H,-ratio)

Access management
E-Stops

(ATEX)

Closed loop

controls, analogue

value processing

Usual process control fun
ctions

H2'
Cconsumers

Burners, Combustion
FuelCells,

Gas Engines

Absorb H, in carrier NH3 /
LOHC (iquid-

organic hydrogen carrier
Temperature monitoring
Gas detection (monitoring
of room/enclosure)

Flame monitoring

Gas mixture monitoring
(H,-ratio)

Combustion sequence
Access management
E-Stops

Fuel cells: Gas purity
(avoidance of
contamination)

Closed loop

controls, analogue

value processing

Usual process control fun
ctions
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Hydrogen refueling stations - RS -
High tech facilities —

» Storaged always nearby. H2 is easy to compress and it do not ‘ ; |

increase temperature but decrease. : T
» In order to fill the H2 fuel into the vehicle. It is needed much ‘ 5

higher pressure rather than in storage. That's why we always a1 | ; | | : b =

find a compressor A
» It need a cooling area because if not it could be too much hot i

before going to the compressure... M =

» Temperature and pressure safe monitoring !!! ——

1kg H2!!

.7_" /"_7,77-7;'-. .
and to be able ta offer ancilland/Semices.
= - S j
we tathe natighal gndr/ —

» https://cmb.tech/

PILZ | 22
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HRS

b Automation: Beckhoff

) C6030 Ultra-Kompakt-Industrie-PC

» Safety: Pilz

1w

T
i
i -

22.11.2023

ARMOIRE DE PUISSANCE H40
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Gas fuel stations

22.11.2023 Success Stories

Diagnostics

T
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Valves
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Hydrogen station

P e—

- ——

—_——— = ——

22/11/2023

Input port
200 | . .
—> Main Safe valve !
N e e e e e e o
Compressor area
2DO (T

SafetyNet communication
to the distribution area

Filling area

Pressure sensor
750bar

Pressure sensor
300bar

Filling station

Pressure sensor
300bar + High flow

Temperature sensor
750bar

300bar

Temperature sensor
300bar + High flow

2NC

2DO

Filling area

______________

PILZ | 25



Information coming out from HAZOP
» Asafety PLC

» managing hydrogen detectors, flame detectors, EIS (emergency stops, temperature sensors, pressure)

» Actions in case of emergency:
» Shutdown (emergency stop button, general installation stop)
» Closure of the isolation valve for hydrogen sources (main valve)
» Closing the hydrogen distribution valve (filling station valve)
» Opening of the vent valves of hydrogen lines

» Identification and Access Management:
» Maintenance operators niv 1 & 2: access to synoptics, leak detections, visual checks, external cleanliness.
» Maintenance operators niv 3 & 4: level 1 & 2 + access to maintenance mode (manual control), possibility to acquire defects, access
to sensor scales in case of replacement, access to changes in process parameters (no modification of safety thresholds)

22/11/2023 P PILZ | 25



Ambient Temperature
Sensor

Vehicle fueling receptacle

Breakaway

Nozzle + Communication

Dispenser +
Dispenser Controller

Hose

Temperature +
Pressure Sensors

Metor Fuel line

—— ———

‘Grounded and Bonded

Fueling Pad
Cooling block

. _— [ Compressed Hydrogen
Thermally activated pressure relief device (TPRD) Storage System (CHSS)
* CHSS Temperature and Pressure Sensors

Figure 3 Hydrogen Fueling Components Overview (courtesy of ISO 19880-1)

Station Pressure

End of Fueling - Al

(Target Pressure)
APRR=
Average
Pressure
L Ramp
Rate
Z
Start of Fueli eis
| art o ueling
/ (initial Tank MPal
| Pressure E
/ ”
[ A Non-Fueling Time
| gl
- |
T )| ®Shutdown Time\
= = / - Time
Startup | = = \
; \
Time - Main Fueling Time 1\
L ‘ kg

Overall Fueling Time

Figure 5 - Fueling Pressure vs. Time
Average Pressure Ramp Rate

> FCEVs store hydrogen fuel onboard in a compressed hydrogen storage system (CHSS), made up of hydrogen containers, valves, tubes and thermally-activated pressure relief
devices. During the filling process of the CHSS, there is a temperature rise of the gas within the container(s) (Type Il or IV) due to heat of compression effects and other

thermodynamic phenomenon.

> This heating effect is later dissipated over time through the container walls and fittings. The fueling protocol must ensure that the hydrogen in the CHSS does not exceed its

maximum operating temperature.

22.11.2023 Success Stories
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Refuelling pressure control + safe monitoring (TODAY)

Vehicle

Dispenser

Vehicle
< H2 Tank > Table ID

Control
valve

Safety |
F valve F

Storage, Compressor

A

A

h

» COM

\ 4

Automation Control __I
Arra ]

< Table | 3 (pressxre | Setpoint

selection ftime) Control valve

COM
Safety Control

Pressure Limit Temperature

value Limit value evalu || evalu || evalu g‘(}g;“;gg

monitorini monitorini F : :
Y 9 ation | ation || ation bar

v

H, Tanks

H, Tanks

Separated controllers
No shared data model
No synchronicity

Relevance to safety
» Table selection &
generation
» Ramp control
» Valve monitoring

Safety Sensors

1 E-stop |

1 H2 leakage |

{ flame, smoke | —

temperature

pressure

Non-safe

Functional
safety

PILZ |



Refuelling pressure control + safe monitoring (TOMORROW)

Vehicle Dispenser | Storage, Compressor
5 *_ A Control Safety
Z E P Ive E valve r
0/ : val
Automation Control
Safety Control
p Table | (p;:rsrzzre | Setpoint
i “| selection : Control valve
Vehicle [ time) H, Tanks
H, Tank : '
> com > CcoM H, Tanks
- L | » Needed:
» combined controller
» shared data model
g > synchronicity ST/FS
?5‘ & Non-safe
=
» Safe ramp generation T Functional
b Safe table selection E safety
) Safe time base Pressure Limit | | Temperature e
» Safe table values (array) i | | e | | | eval I evau 3001750
» Safe ramp rate generation (for X and Y axis) =z
» Safe basis for the (later) safe connection to the Safety Sensors
vehicle — then: Covering the whole safety loop: / =i |
from source to sink! H2leakage |
L
. flame, smoke [
» Potential Enhancements ' l
» Safe pressure control possible — with a safely
. temperature
monitored control valve?
pressure

PILZ |



Betankungsdruck

Betankungsende

Refueling pressure + safe monitoring

Dichtheitstest

Betankungsstart
a

pressure

Non-Fuelling-Events

Entlastungszeit

| T Zeit
‘ ot o

Gesamtbetankungszeit

Safely monitored range

Gesamtbetankungszeit

" Safety
Automation
Standard
Automation
Completely
free
mixable
with exactly
the same
functions
time
—_— P Setpoint for the pressure control valve (non-safety; ST)
monitoring of dynamic limit values (safety, FS)
Need for a synchronous control operation of ST and dynamic FS
fixed safe pressure monitoring limits cannot solve this
But:
» combined ST/FS PLC
» with safe arrays, safe counters, safe timers, safe PID control, safe calculation...
PILZ | 30
0 overview
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Technology in transition: functional integration of safety and automation

Processing

Aktorik

Sensors

Safe sensor technology ‘ Safe processing Pz ‘ Safe actuators yz
Separating protective device direct coupling (wiring logic) Rigid coupling (wiring logic)
Binary switching behavior Direct direction of action — direct Direct direction of action — direct

reaction reaction

direct coupling (wiring logic)
Direct direction of action — direct
reaction

—

Hydr. Press safety valve
ContaCtOI’ (Bildquelle Eaton)  (Bildquelle Norgren)

3];

J

fl
A\ @ Pneumat. Safety valve

(Bildquelle Festo)

Ostfildern,
PILZ | 32
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Safety switch Safety relay



» Technology in transition: Fusion of safety and automation

.I Sensors i u

Processing

Safety & Control & Motion
flexible coupling (functional logic)
Operating modes (safe &
functional)

Identification (security &
functional)

Exchange ofi complex data
Freedom from repercussions
physically mixed — but legically
separated

Establishing safety through (safely) controlled process control
Overall reliable process chain
Shutdown only as an emergency measure = increase in productivity

Pilz Jahrespressegesprach 2018

Aktorik

Stop categories 1.2, safe stop,
safe direction of rotation

safe speed/safe standstill
(safe) Position control

(safe) Torque

(safe) cooperating axes

PILZ | 33



Encapsulation — for clearness of responsibilities

__________________ - -y All elements are sealed (safety certificate,
1 - o ege
| svesos Jar responsibility, know how..)
Engineering Tool e
¢ g : SieeaooL sz Blocks
SAFEBOOL —| AirPressure IgnitionTransformer . .
Configuration_ || Library | _|i IR e Configuration
- L | SAFEBOOL —| dTolgi U
Ser program
Functions_ | Editors | !
C CRC I E All elements are protected by a system
| |
; . generated checksum CRC CRC
Brenner einschalten kil start I‘l Svi Sicherheitsventil 1 H
__________________ Eremer asaalen b oS g s Schemsisierl 2 Haupgesven Also sub-structures possible
Sicherheitskette Kanal 1 B cpa B v Entiuangaventi
Sicherheitskette Kanal 2 . ﬂ CHA2 ﬂ IGNT Ziindtransformator
s, S & on e, I identification if and wh
Hauptflammenuberwachung ~ FLAM =] I:I Vorsplilung A OWS a easy I entl ICa-tlon I a-n W ere
Zundflammenube(wachqu FL__AI I+ PUR ii EBN(Ij Verbundregelung zur Position
bundi | I 1 tinden
eneosngin Coston o R changes have been made
Dich_theitskontrolle(Druckwachter) 51 GP i:l CONT Reglerfreigabe
Betriebsart Hochtemperatur HTmp B2 h
|
Devices : S wee e Em e e
oor & "%y SmartTactory: CATyp_1 3
- [Piz | [(OEM | = — i
I = e H
Modules || Interfaces| | 1 e
; Libraries " ’ .
Application e
User defined | 1! programme S maren
SW-Blocks
Connectivity R B
Fieldbus Safety Controller ollollollo < = [L Problems
Industrial Hardware, Firmware |=|=|[=|= —
Ethernet Number of columns: 4
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