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A few words about Yokogawa

1915 1948 1957 1974 1983 1987 2002 2016
Tamisuke Yokogawa, ' Made public offering of Established Yokogawa Established Yokogawa Formed Yokogawa Hokushin Established a sales Acquired all shares Acquired KBC Advanced
Doctor of Architectural the company's stock Electric Works, Inc. Electric Singapore Pte. Ltd. Electric Corp. through merger with  and service company of Ando Electric Co., Ltd. Technologies plc
Engineering, estab- ﬁ as North.American as its Singapore plant and  Hokushin Electric Works, Ltd. in India 2010 2021
lished an electric meter 1955 sales office Yokogawa Electric (Europe) 1985 1990 Transferred the measuring ARETEE
research institute in B. V. as its European sales i T (i o Accelerate Growth 2023
. Signed a technical i Established an engineering Established a sales | Nstruments business to ) :
Shibuya, Tokyo otrice . i - ) Yokogawa Meters & Instruments mid-term business plan
assistance agreement joint venture in China and service company 9
A 1973 1978 in Bahrain Corporation (currently Yokogawa
1920 S Established a sales Established an 1986 Test & Measurement Corporation)
company, Yokogawa engineering joint Changed the company 1997 2013
Incorporated as Foxboro of USA " > .
Yoko Eleciric Works Lid Eletrica do Brasil venture in Korea name to Yokogawa Established Formed Yokogawa Solution
GBS RIS IS B Ind. E Com. Ltda. Electric Corporation and a sa!es and Sesn 3 T (0 TR SEES
adopted a new logo Service company engineering, and services for the industrial
in Russia automation and control business in Japan

§ ( 1

/S

|
1917 1933 1964 1975 1991 2005 2010
(First in Japan) Started research and Made full-scale entry (First in the world) (First in the world) = Released a safety | (Firstin the world)
Began marketing manufacture of aircraft into the industrial 1969 Released CENTUM, Launched differential T, - instrumented Released field
electric meters to instruments and flow, analyzer market  (First in the world) distributed process pressure / pressure AR system that wireless devices
lead the trend for 1924 temperature, and Developed and control system 988 transmitter with a silicon 1996 = .= integrates control compliant with the
their domestic (Firstin Japan)  pressure controllers started manufacture Entered the high-  resonant sensor Released a confocal with safety ISA100.11a
production Developed portable il sEle G VT e ‘ frequency measuring if scanner and entered standard
oscillograph 1950 S oEiERE ﬂ instrument business : the biotechnology 2008
' ] (First in Japan) | Q‘ business
: I . Entered the drug

Released electron-tube-
type self-balancing
recorder

discovery support market
with a new bio test system
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Yokogawa Worldwide Business Operations

Global network supporting business growth

i Yokogawa i Yokogawa ! 1 Yokogawa Yokogawa Yokogawa
[Busmess sites ] Europe : Electric CIS . China .+ Electric Corporation
— o k g Korea £ of America
6 O - A ‘V |
countries
Subsidiaries ]
and affiliates oo [Serwce networkJ

Countries and sites served

@ 200+

Service sites

]-Bin Japan i ™ - N\ &
115 S
outside Japan

*Includes branches and representative offices

World Headquarters

Yokogawa Electric i ® 180+

Corporation

Service engineers

" Yokogawa ﬁ\ 2 y 500+

1 K
= America do Sul

[ Manufacturing sites]

Ll 12 countries

Yokogawa .
| Middle East & B’
W Africa |

Yokogawa
India

Yokogawa Electric International
Yokogawa Engineering Asia

(As of March 31, 2023)
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Yokogawa Products and Solutions

Energy and Sustainability Materials Business Life Business
Business

This segment's products aid in
the production of

g m Operations management biopharmaceuticals and in the
PI‘O d u CtS an d Oth er SO I ut' ons . Integrat_ed performance ma_nagement gopremmnsfomation %?g%?tfgggglgﬁgalysm for the
+ Automation of standard operating procedures (SOPs) pharmaceuticals.

OpreX is an all-encompassing brand for Yokogawa's

. . . . m Production optimization @ 0prexControl
industrial automation and control business and Q R

- Advanced process control solutions, operational optimization

comprises five categori(_es based on which kaogawa _ solutions, autonomous control Al solutions &oorex-Measurement &
provides products, services, and other solutions covering m Plant asset management L
everything from operations to business management. - Facility failure prediction, facility maintenance, and management gop,e”xecutm e N
. . . . - Safety management solution for hazardous field work s
With these solutions, customers can optimize operations Sunbly chain management & Lrecs
o s - 1) recycie
management, production, facility operations, supply = >upply chain managemet . _ - Subcellular Sampling
. . + Supply chain optimization, inventory and logistics management
chains, and energy use, all of which can help to System

m Attaining the Sustainable Development Goals(SDGs) / OpreX
energy management and optimization

- Energy management, continuous emission monitoring systems

transform their businesses and maximize the creation of

value. 5 categories

controllers

B oaeenig @f : § \;:L
4 (0 o
Collaborative B Nano-point delivery
eI En SEREs Distributed control systems Programmable logic z
)

_— i
o — | S

- T : — !
i | Ve L Em
‘ s ' =5 Process analyzers Field instruments “ ‘
g w Process gas chromatographs Pressure/temperature transmitters, ¢ —

wireless transmitters

Eilm/sheet Data acquisition systems Distributed temperature 1loT wireless High-throughput
: Coriolis/magnetic/vortex/variable area :
sensors Sensors ] )
thickness gauges Paperless recorders, data loggers flowmeters cytological discovery
systems
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Our Value Provision to Customers 10 years from Now

Value provided based on the
system of systems concept

Today, the system of systems (S0S) concept is gaining
wide acceptance. According to this concept, systems
with operational and management independence work
together to achieve system-wide objectives that
cannot be achieved alone.

We promote connectivity and create value through
overall optimization driven by integration, autonomy,
and digitalization, based on two approaches:

IA2IA (industrial automation to industrial autonomy),
which changes the level of autonomy, and smart
manufacturing, which broadens the scope of overall
optimization.

YOKOGAWA Co-innovating tomorrow *

Increased level of autonomy application

Symbiotic
autonomy

Autonomous |A2 |A

operations

Autonomous
orchestration

Semi-
autonomous

Automated

Smart Manufacturing

Semi-automated

Plant Enterprise Supply-chain Society

Expansion of connectivity and optimization scope
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Hydrogen production overview
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Green H2 typical production layout

POWER SUPPLY
Stack rectifier

ELECTROLYSER STACK
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Hydrogen Production Plant: an example

Control room

* Instrument and
analysis room

—_— /
,/L"i“b .
if | 4 \ f.-.

Storage

Electrical
substation
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Process (units) and instrumentation
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Water Management — Reverse Osmosis

Membrane removes dissolved ionic species from water, in this way,
conductivity is kept under 1 MicroSiemens/cm in order to feed electrolyzer.
The optimal temperature must be 70°C
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Electrolyzer: PEM

To 02 vent
n ventilation

— \— Explosion disk

'r’_f\:i' H2 analysis

02 vent waste

@

. H20/H2 vent
Opens if ’ Separator
N2 purging ) S '
Condensed Purification *.
H20 pump
? collector !
Raw waste U
Water 1 r
supply Purifier 1 =i Ic'lﬂ| 2 i .
unit t irculation
waste oump '
Overrun -
to drain

N2 supply waste
— i ) ~ waste
L - . - )

Makeup pump

waste Cooling water
~ =N
bP| &
e | — — ) =
- Variable Temperature | Differential Two-wires
02 H2 Cooling | N2 Water Flowmeter | Transmitter Pressure Liquid
water Transmitter | Analyzer
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Compressor Station and Filling station

NOTE 5
1% -CHW-B00-5040-F2 TO COMMOM %~ VENT MAST
- ~— LOCATED 0N BADK OF GMP
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Instrumentation for Hydrogen

" pH measurement

* Quality measurement of liquid raw material
supply

* Tunable diode laser spectrometers (TDLS)
* O, measurement in SIL applications

* Pressure transmitters.

« With gold coating or Hastelloy HC276 with
passive thin film (Cr202) on its surface

= Gas chromatography e == }
- Nitrogen, CO, CO,, Argon, Methane and | Pl
more | N samand

Negative peak on H2 place, means calibration bottle is
cleaner then carrier gas

TCD: Thermal Conductivity Detection (no combustion air/fuel needed)
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Measurement and control: an overview

Integrated monitoring + control system at Overall control - Overall monitoring

* -| @l

low cost including predictive maintenance S
s & CAL0

and sensor failure diagnosis

e

@upto0.1uS Centum-VP DCS @ For hydrogen
Measuring pure water \ measurement
Gold Plating
7 Aoy Specifications
FLXA conductivity meter . HART/ModbusGW b
@ Measurement of i < @ Hydrogen
¥ : ",’-‘\\ @ Electrolytic cell H2 % purity and replace -

o EJX/EJA o quallty control
R . cell voltage, temp Mafew -7/‘ E/’” (=
- CA Sushi Sensor ~_ Measurement VY

o = oM ROTAMASS TI H  Gas
- & ; x . Chromat.
o ' - GC8000
g | [ 111 5 4k
z | : - Compressor Eﬁ > da piing
- EleCtI'O|yt|C g g station
cell ’ 0 O
@ High pressure
@ Pure water flow measurement 3 Pump condition : hydrogen flow
(under noise-free by electric cell) monitoring @5 " Cof H_n;]easur.e.ment
easurement o igh precision gas
@ Hydrogen flow measurement Monitoring oxygen trace moisture In measurement
with analog input " concentration in hydrogen - product gases
) . Gas density compensation to prevent explosions
YOKOGAWA Co-innovating tomorrow
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Overall Plant Supervision:
“System of Systems”
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H2 Plant — System of Systems

Integration Platform .
A Different

packages need

coordination and

single point of
QS supervision

: Auxiliary systems High voltage I Electrolyzer (IP) Safety System Water Treatment Control

=]

A

S

e

=R T ------------- |
W oEm e g

WIH

Safety and F&G System

.._,
R ——
[ﬁ

i Control System 10+ Sub Systems
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Yokogawa Integration Platform

* Horizontal integration HQ Business Management
« By integrating equipment and systems on the g’aﬂ
Pa_n_t it can connect different systems / sites and f}J‘L J _Lflf\flﬂ b
acilitates remote operation. Wide range of o ‘"E S Pl ame gpnt
protocols supported i o 4k 8 aR W &

Vertical integration

« Through IT/OT convergence, it can seamlessly
transport data to upper-layer systems (Sap, \ rgenc)
Oracle, SQL, .Net, ython, 3/ Operanc;n Optimization

upport

Scalable and Expandable e

Decision/Emergency/ A Remote Operation

Multi-platform

* Robust vs. Cyber attacks Plant gp.ération
 Compliant with O-PAS and NAMUR MTP e O
standards ['!
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Key Features of Cl-Server
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Full redundant disaster recovery
concept through triple and even

quad HAC server cluster

Open erX|b|I|ty

Hight

Availability
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" T

Automatic synchronization between
active server and hot standy servers

60870-5-104

YOKOGAWA
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Zooen ZEREY SMQTT

Dedicated or shared redundant networks
(LAN/WAN) or quad redundant networks

Cross-Platform

VM independent
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nll00
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[ 101 ] [ 10 |
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Open to next trends (MTP, OPA)

On-premise 0T data center Enterprise External OT data center " THE OPEN GROUP
(executing IEC 62264 Level 2 and 3 functions) IT data center (executing IEC 62264

(executing IEC 62264 Level 2 and 3 functions) OPEN PROCESS

Advanced computing platform Level 4 functions)

External data centers may -
- ‘ " ™
OFR OFR Business platform Virtual DCN' - run hysialo i Dt AUTOMATION™ FORUM
Transactional Non-OPAS DCN OCF through a firewall
computing program environments
cee . | Standalone
H mmwy Business platform environments
Y communicates - may be used for
; oG -Imb through Apps -0 functions such I'Ege"d
,,,,, running in a as offline
DCN  DCN, not directly DCN ENgINEEring con‘f’é’:‘,ﬁm
| totheOCF | and simulation component
Open Process Automation System (OPAS) Connectivity Framework (OCF)
| | | | | | | | Nop-OPAS
| conformant
- = = = OCI — = -_— = platform
(4] = (b ] (4] (4] [&5] (] =5 (=]
e 2 = = = = = = e Distributed - : . ;
OCN ocl ocl | OER | I | I Control Nodes (DCNs) ~ Module Engineering , Blant Engineering / Process Control \
Machinery ~ Field  Safety Electrical (thi?ljltlggg!?fgﬁgggns) i m— > St
DCS DCS PLC PLC Analyzer  Analyzer  Monitoring ~ Networks Systems —Systems ' =] :
Al, A0, DI, DO, _ & . !
twisted pair, .. DCN - Distributed Control Node  OER - 0-PAS Execution Resource &, 0Cl-0-PAS Communication Interface :
1
A “standard of standards” 1
1

O-PAS part Referenced standards 1D I
™l 2P @
Part 1 Technical architecture IEC 62264 (ISA 95) s P ’ "W

Part 2 Security IEC 62443 (ISA 99)

Part 3 Profiles na. Service oriented communication:
o v'  defined state model

Part 4 Connectivity framework IEC 62541 (OPC UA) Command (e.g. tempering)

v
v/ Status (e.g. Running)
v' Service properties

(e.g. setpoint temperature)

Part 5 System management DMTD (Redfish)

IEC 62714 (AutomationML)

Part 6 Information and IEC 62682 (ISA 18)
exchange models IEC 61131 L
IEC 61499 e
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Plant supervisory platform — Architecture & Graphics

Cl View

Java

HTMLS

Cl Portal

Web Server

Cl Core

Real time data
processing

Alarm Management

| External Communication I/F |

Historian Data

3199.98 vw 2499.98 ww 100.0 « 22,0«

=%

TP TITETERTEITE Gmrennnnnnnnnnannnnannnn,

Suppier A, Output 1830
Year 2019, 30MW x 4 onits

T

| Active power_ | 9.50 MW
69.1%
Status In Servica or Operating

YOKOGAWA

20.56 wn s

Suppier B, Output 12,580
Year 2015, 250 x 50,000 Panels

20.67 wws
[Vorage 7|

Tampeeature

260.0 A
74.0kV

3199.98 MW

0.04 Mvar
60.0 Hz
0.5

i

€, Output 20MW
2020, 890K x 20 units

i

N

[Acive pover | 9.014W [Acive pover | 10.64 MW
81.0% 37%
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Corporate Level
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Designed for information sharing

o Cl Core
08— "
a — o
6 — ™ Line1 Line2
OBIECT GRAPHICAL SMART
e DEFIMITION OBIECT DBIECT (MASTER)
Ruc A N 0 i b
GAS AUTHORITY COMPA MY Controller Controller Controller Controller Station
[ 1 2 3 4
o

_ EAST COAST REFINERY i i ....... l i l ....... l l ll l l ....... i .

MATURAL GAS PIPELINE & Input / Output Input/ Output Input/ Output Input/ Output

x|

Data Data Data Data
. . . . X i .
-] . ConD CTATIN Operation monitoring Operation monitoring
-] COMPRESSOR STATION 1 target Data area display
: [ L Item area =|
1 - -.| START COMPRESSOR
E W <—J\ Item <:>
V]
ﬁ_
1 - - - | SUSHI VIBRATION STATUS - Item

Y :
[~} COMPRESSOR STATION 2 ltem <,E:f>‘
_ P
: gy, -

Application <:>
= - - - | START COMPRESS0 @

-~ @/

- I::> Report ||
1 - - | SUSHI VIBRATION STATUS w

External I/F <:>

| S —
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Network Security

B Features

-—
,—

* Fits industry standard and customer USINESS RETWORK |
specific network security framework X (DOWAN  ANTVRUS  EXAQUANTOM

* Interoperates with mainstream end LR
point security software

»-—
.
.

B Immediate benefits S o= Lolan] ol

* Allows migration into existing & new = e l | T T
network infrastructures BUS/FAST. P BASED, ETC [

¢f' e e . L

......... 1 11
liniitinjj g i

Image: General ISA99 SCADA Network Architecture

T 1
a

| I
oo ||«
oc -
) |
I
o
L)
1

Cl CORE to CI CORE encrypted communication
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Current project
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YEF-NL Shell Holland Hydrogen | (HH1)

B 200 MW electrolysis-based hydrogen plant
B Production: 50-60k ton/yr green Hydrogen
B Wind energy from off-shore windfarm

B Including visitor center

B Operational ~2024

B Hydrogen supply

» To Pernis Industrial Area
» To mobility, Rotterdam city area

YOKOGAWA
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Electrolyser contractor
Electrical contractor (33kV)

Yokogawa selected as MAC, preliminary scope:
* Integrator Scope
« Utility DCS/ESD/F&G
* Analytical scope

« CMMS
- OTS
( Yokogawa Unified HMI (HIS) 1
YOKOGAWA
[
Cl Server YOKOGAWA
| | | |
Plant Packaged
ENMCS TKDCS DCS PLCs

YOKOGAWA

Yokogawa: “Integrator of All”
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Ongoing Project under current execution by Yokogawa Italy

Client: NDA

Location: Hollandse Kust Noord

Scope of Work:

Detailed design, procurement of material and equipment, construction
work, transport and installation at sea, commissioning and start-up of the
platform.

Technologies to be deployed:
: The wind park

1 MWe/5 MWhe lithium-ion BESS e &

2.5 MW electrolyser ! .i”szi_.m o

1,200 kg of 30-40 barg H2 gas storage

1.0 MWe fuel cell

Power Management System AT e

HV Switchgear 66kV = ek S/ 85,

Transformers 66/6.6 kV/ 480V

Control System, F&G

Water Treatment Plant

YOKOGAWA Co-innovating tomorrow *

offshore windfarm, 18.5 kilometres

off the Dutch coast.

- 69 Wind power generators

- 1 Central Off-shore Unmanaged
Platform (operated from on-shore
control room)
Sub-marine optical fibers network

The turbines

4 .
“[~ 69 turbines

I
h

Egmond aan Zee



Symplified Process Flow Diagram

‘éﬁ“‘ Through Wind Turbine String

to Offshore HV Substation

WTG 57
— electrical —H, — water 0,/air Subsea cable
e Disieaitaie il t b bt bl -
66kV IAC !
| Baseload Power Hub !
I
| WTG 70 !
' 1
! 1
! 1
¢' bi - = ]
able - » !
| ~ 1IMW/S5MWh :
I - - - BESS ]
! |
I |
1 utilities 1
! 1
' 1
! 1
1
2% 0.25MW i :
floating solar ! 1
: 1 —! 30 bar VA f stora 7\ 3-7 bar [l !
! | Be i |
I - dry + f |(Ha— |
1,200kg | 1
1 J deox 8 Ay I 1
1 — - 1
: U U |y
: 2.5MW 1.omMw ~ 1
=1
i Electrolyser Particulate and F'J fuel cell S
: 1 chemical filters  |_ !
! \/ I !
| Y FAY |
I Demineralizer 0. vent H, vent ‘a_" :
i 2 2 |
' ©) 1
' |
: “Tap” water tank | ol | C o e 2 I :
I amb. temp. — \
' 1
! 1
! : | %7 !
I Desalination I | |
! |
: N, supply U l Compressed air Ij Wastewater Vessel
Lo b o e e D e
Sea water Brine overboard
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System of Systems Functional layout

About 900 wired 1/O

More than 2000 communication 1/O Supervisory Operations

/ Historization System

. Power / Electrical
Instrumentation . i
Management Process / Safety Protections | | Floating Solar
Control system Management Park Controller
System l1EC
\}!Vladbus PFEM — =S
S"—‘/ Electrical
H2 Storage / Water Treatment Electrolyzer Fuel Cells Protections /
Utilities Control System control system Controllers )
Batteries
Base case electricity production Electricity gained by innovation = Flectricity lost or stored
Power to X conversion (e.q., hydrogen)) Electricity gained by discharging storage = X(e.q., hydrogen)stored
Scope:
. a
- Wind to power € unconstant & verinn__ a A
- H2 storage \/ | | LY T A+
- H2 to power (Fuel Cells increasi Overplanting | Time shifi
power ( ) reus ne i

YOKOGAWA
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Any questions ?
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YOKOGAWA

Co-innovating tomorrow

The names of corporations, organizations, products and logos herein are either registered trademarks or
trademarks of Yokogawa Electric Corporation and their respective holders.
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