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Your speaker

. ‘- Norbert Meszaros m

' Elektroingenieur

International Management Studies

Team Leader Business Driver, Energy Transition Expert

norbert.meszaros@endress.com

= Since 16 years in Gas Measurement and Analysis
= Member of div. Associations
= Member of European and Global Energy Transition Network of Endress+Hauser

= Member of DACH Power & Energy Network of Endress+Hauser

Endress+Hauser GmbH - Lehnergasse 4, 1230 Wien, Austria
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Your speaker

Jens Hundrieser m

Dipl. Ing. Elektrotechnik

European Fndustry Manager Eiver il sns
jens.hundrieser@endress.com Scan and save my contact data

= worked in product and industry management in a wide variety of
process industries at Endress+Hauser for almost 34 years

= Member of the Endress+Hauser core team for the global energy
transition with hydrogen as a key element with a clear focus on
implementing sustainable goals for decarbonization and defossilization

= Member for Endress+Hauser at the European Clean Hydrogen Alliance

Endress+Hauser (Deutschland) GmbH+Co. KG, Colmarer Str. 6,
79576 Weil am Rhein
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Agenda

= Short portfolio overview Endress+Hauser

® Decarbonization of industrial sectors

= (Green production overview, references and our offering

= Power-to-Gas —Green H, production and utilization— APPLICATOR

= Hydrogen processing - optical Analysis solution for purity and quality 5.0

= (Gas turbine with hydrogen blending as example for H, usage

= Summary - Endress+Hauser s
= Portfolio in Hydrogen projects

= Commitment to Net zero emissions
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Facts & Figures 2023

552 | b
apprentices and 1 12 30.1 /0

students female workforce

nations

: &
points in the
EcoVadis rating (Gold status)

new jobs
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leartbeat

Technology

Single source supplier: broadest portfolio in process automation

Capacitance Electromagn. pH - Value Pressure gauge Data Managers Profibus PA Commissioning
Conductive Vortex Conductivity Pressure abs. Thermocouple Energy Managers Fieldbus FF Maintenance
Hydrostatic Coriolis Oxygen Diff. - Pressure Transmitter Displays Wireless HART Repair
Differential Ultrasonic Turbidity Hydro. - Press Multi-point Data logger Operations App Calibration
Vibration T-mass Silicate Octopus Barriers SmartBlue Training
Ultrasonic Venturi Chlorine Skin Point Contactors Process Trans. Spare parts
Radar Orifice Ammonium Power Supplies Systems Equipment Hire
Guided Wave DP-flow Phosphate | %%% ' " ' Inst. Base Mgmt.
Electromech. Nitrate W Engineering
Radiometric Sludge level y
Servo Water sampler . ﬁJ ‘!{ E
TDLAS A
Raman (@ s .
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What Heartbeat Technology can do for you

Increase your plant availability and ...

... boost reliability as well as safety levels ... reduce your verification efforts ... improve your process performance

Heartbeat Technology

for diagnostics for verification for monitoring

- (

% — 0 B i 345 — Heartbeat Monitoring l ST =

@  Micropilot FMR60 T L
S Foam detected 8

Maintenance required

Heartbeat Verification

B

r 9 Promass F 300

u Passed

Permanent process and Documented device functionality Information for process optimization

device diagnostics without process interruption and predictive maintenance
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Decarbonization of industrial sectors

Decarbonization options for the four focus sectors can be grouped into the following categories:
(Exhibit 6)
= Demand-side measures. Decreasing the demand for an industrial product should lead to lower
: : production and CO, emissions. For example, light-weighting can reduce the demand for steel,
DecarbO ﬂ |Zat | O n Of and cement could be replaced by materials such as wood. In addition, increasing the circularity of

products, e.g., by increasing recycling or reuse of plastics and steel, would lessen CO, emissions

i N d u St rl a' SeCtO IS: by reducing the production of virgin materials.

th e n eXt frO nt | er = Energy-efficiency improvements. Increases in energy efficiency can economically cut fuel
consumption for energy use by 15 1o 20 percent across sectors.'” Potential gains in energy
efficiency will differ between sectors and facilities. Generally speaking, developed regions will
tend to be closer to the low end of that range, and developing regions closer to the high end.
Using less fossil energy to make industrial products will lower CO, emissions.

June 2018

Electrification of heat. Emissions from the use of fossil fuels to generate heat can be abated by
switching to furnaces, boilers, and heat pumps that run on zero-carbon electricity. Electrifying
heat can involve a change in the production processes. For example, to electrify ethylene
production, companies need to install both electric furnaces and electrically driven compressors.

Hydrogen usage. Emissions from the consumption of fossil fuel for heat and emissions from \\
certain feedstocks can be abated by changing them for zero-carbon hydrogen. In this report it is=
assumed that hydrogen is generated by using zero-carbon electricity for the electrolysis of water
For example, ammonia production can be decarbonized by replacing the natural gas feedstock |

Source : McKinsey 2018
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Hydrogen production and utilization in various sectors

Instrumentation Trace moistre
in electrolyzers & oxygen in H,
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1. Green hydrogen production from electrolyser - e.g. Alkali

Green Hydrogen

o T— Green H, refers to hydrogen
Transformator-  Gleichrichter- Can Steuer- Medien- .
M S SepartonnGouner Sk Anbindung produced by the electrolysis
- T :} T of water, with the electricity
| —_— IR used in the process coming
| i ' from renewable sources such
J g Iy b1 gl .
ot | } =1 as sun, water and wind
p— . mm, KON-Pum::n- ol % % 'J;} 7
Water purification / i -l g 2

Block  KOH-Kihler

demineralization e Gas-Tfkder
Gleichrichters Stack- I Steuer- I
Raum Raum Raum

Electrolysis

Hydrogen compression
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1. Reference installation in alkaline electrolyser — “Whylen - Germany”

5|
\
[ f
o]
}‘

EledfblyserPian 1 ¥ o = Magnetic flow for

~in operation since 2019 AR P liquid electrolyte
' ‘ ' 7 4 AL

.1
\ @

= —— ¥ 1
—

Vortex flow & conductivity = = - Temperature for

for demineralized water ! ~ cooling water "1 hydrogen cyclinder

ns 4 & ™ = i L ] IEE T
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1. Reference installation in another alkaline electrolyser

Elektrolyse
made by ZSW

Electrolysis
made by Z5W

AR P

o

iy A:" i LARCART ::l ;L.A\l I .,i" e
LA G T
TRTOA

ul—
Mit finanzieller Unterstitzung durch g

Baden-Wiirttemberg
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1. Reference installation in PEM electrolyzer

—— A

: » N -

-~
o~
]

ti ~ I
» H

https://changes.endress.com/en/hitting-gas-hydrogen
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1. Reference installation in SOEC electrolyzer

t-mass 150
measurement

with thermal gﬁ -
mass flow meter |zg ‘
|

and Coriolis mass

flow meter in m
DNO4 for small

quantities of ‘
steam in kg/h 7

(overheated) b’

@Salzgjtter Flachstahl GmbH, 2017
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1. Power-to-Gas —Green H, production and utilization—- APPLICATOR (in prep.)

Overview Power-to-Gas / Sector coupling - Green hydrogen production and utilization

Endress+Hauser L2

B Water preparation and
waste water tre nt

Alkaline-

Electrolyzer

Oxygen
utilization

e

B Nitrogen / compressed air supply

PEM - Electrolyzer

=] Cement industry
| E—— |
Oty-fuel
combustion
2

Hydrogen
@ Hydrog

@ Hydrogen storage
and compression

N;[ =T o
. _ pres-
Cump_mssur sed air
receiver
i

B Cooling and heating circuits,
heat network

H:

o s
ot

Steam generation

B ndustrial use of green

hydrogen
‘Gas turbine with CO:
H; blending
CHs -
o

SOEC - Solid oxyde
electrolyzer

ion - gas engine
[ Ammonia
synthesis
(Haber-Basch)
NH;
High pressure storage

Filling / distribution

ﬂm

Power (N
storage Power
sector

~uy
/
e,

Material

storage

—

Power-to-heat, heat pump, Power-to-gas for

flexible CHP

heat storage
Charge technology power-to-Gas for
power-to-gas power fuels

Power-to-gas for
power storage

@ Electromobility

Power-to-liquid for
power fuels

e Charge technology
power-to-Chemicals

Power-to-Gas for
material storage

@ Power-to-chemicals
for fuel storage

Source: Michael Sterner - Ingo Stadler Handbook of Enerqgy Storage
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1. Alkaline & PEM Electrolyzers: Instrumentation

D1 - Alkaline electrolyzer - horizontal gas separators E1 - PEM electrolyzer

H: to hydrogen processing 02 to oxygen utilization Hz to hydrogen processing stage 2 02 to oxygen utilization
- ¥ - [] (-3 []

o 3 v , =
- I ] I Lo
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fyd riogen Separator
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PR ! ! gen
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PEM electrolyzer to water cleaning
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/ a0’ 0o \ i Il / i
e 450 | CT / ion
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1. Product portfolio for green hydrogen production

Pressure and Temperature

Ives
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2. Hydrogen processing - optical Analysis solution for purity and quality 5.0

= (Gas Analysis of trace oxygen and moisture in a gas stream, e.g. Hydrogen

= 2 analysis techniques: TDLAS + fluorescence spectroscopy

= 1 common system for gas sample preparation
s (Critical H, supply chain impurities identified in ISO 19880-8 (from ISO- 14687)

G1 - Hydrogen processing stage 1 Endress+Hauser (=]

Hydrogen < 3.0 at atmosheric
pressure for combustion (e.g. to
gas turbine / gas engine)

O-5ppm
0, irP H,

G2 - Hydrogen processing stag

Endress+Hauser (2]

From hydrogen
processing stage 1 T
or from
i PEM electrolyzer
— (%)
| for technical use \
Hz buffer —® > 4®
tank
Recirculation —@ Hydrogen 4.8 ... 5.0
to water treatment Trlprirerar Discharge of water to storage &
— - treatment sta L P or water with product gas compression
ment stag
2073 EndresssHauser, A rghis resaved. = ©2023 Endress+Hauser. All rights reserved.
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2. Multi-component solution (Option)

= (Gas Analysis of trace oxygen and moisture in a gas stream, e.g. Hydrogen

= 2 analysis techniques: TDLAS + fluorescence spectroscopy

= 1 common system for gas sample preparation

o

o]
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2. Optical Analysis solution for Hydrogen purity and quality

* With this solution it’s possible to measure
and check the presence of impurities in
® Hydrogen
& - Moisture H,O content range

#  0..10/200/500 ppm with TDLAS J22
* Oxygen content range 0...10 ppm with
#88  Quenched Fluorescence (QF) OXY5500
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2. First reference to the multi-component solution plus other measuring devices

SCAN ME
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https://www.baden-wuerttemberg.de/de/service/presse/pressemitteilung/pid/unternehmen-machen-sich-bereit-fuer-die-elektrolyseur-produktion-1
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https://www.de.endress.com/de/endress-hauser-gruppe/erfolgsstorys-kunden/hydrogen-quality-in-real-time
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3. Gas turbine with hydrogen blending as example for H, usage

I1 - Gas turbine with hydrogen blending

From the hydrogen pipeline / Pressure
hydrogen processing relief valve
! Hz Injection
Raman
analyzer
: = .
! 5 Fiber optic cable
SSOV (safety Control
shut-off valve) valve
Air supply

?@% | B

heating

From main
gas supply

Gas turbine

% ———— (Generator

Fuel

control valve mixture

SSOV (safety
shut- off valve}

Raman probe e

......... - Raman probe
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3. Raman: powerful gas composition analysis — admixture of H,

\
.

re
LY r—

= .
-
4

Endress+Hauser 71
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3. Raman Transient Event Performance - Blending with Hydrogen

Mass Spec
L | / CH4 I = Non-extractive (emission
i; : free) & continuous
o | . measurement
Rgﬁzn = Spike of H, from 30% to 70%
0 Hb— — in 30 seconds to simulate an
Raman extreme transient event
o - | J ' = Extreme transient event
followed well by RXN5
1 [ IRl | | T ] (15 sec cycle time)
» Mo soes = Mass Spectrometer typical:
H2 = Slow cycle time
10 . . - = Severe lag due to

sample conditioning

dd-lr Ooddci8 Oodde?d Dol PR OnddEd  Ooddc3E  Onddedd  OoddcdS OoddSd  0oldSS  OodSod  OndSc1D Dol OodAR0 Ol S Hl:.'l.'ll
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3. Hydrogen gas as fuel in gas turbines -

skid solution

- 1 2 \"4

VENT TO ATMOSPHERE
WITH FLAME ARRESTER

DP PRESSURE TRANSMITTERS

N2 QUICK CONNECT
PMP71 PRESSURE

N2 QUICK CONNECT

12x16x6

OPTOGRAF J-BOX

3" AUTO STOP VALVE

FLOW METER
TMT162 TEMPERATUR

PRESSURE INDICATOR
N2 QUICK CONNECT
PMP71 PRESSURE

1-1/2" CL. 600
CONTROL VALVE 2-1/2" (1. 600LBS FLANGE

OUTLET

LONG RIDGE

Products Solutions Services

Hydrogen blending for natural
gas-fired turbines

Long Ridge Energy showcases
successful use of clean hydrogen

power

The Long Ridge Energy pawer plant terminal in Hannibal, Ohio LISA

With the help of process measure-
‘ment solutions from Endress+Hauser,

The results
« A proven path toward decarboniza

tion using clean b
« An effictent and sa

Raman spectroscopy
5)
5)

= EPA compliance (40 CFR P;

Setting the stage As the world
grapples with climate change and
natural resource limitations, govern:
npanies, and communities
ing in the evaluation
ble energy solutions.

‘While solar and wind often receive the

a new Long Ridge Energy (LRE) are limited by varia
power plant is successfully showcas-  generation capa

PMP71 PRESSURE ing the viability of clean hydrogen to meet widely fluctuating user
in the global Power & Energy demand
industry.

The turbls
Ohlo USA

LRE's Hannibal,
natural gas
better for
¢ than coal, natural
1 fuel which makes it
subject to scrutiny from requl
bodles and local communities,
Hydrogen by eaner, providing
a path for pa decarbanizing the
fuel source.

Endress+Hauser (2]

Hydrogen blending for natural gas-fired
turbines | Endress+Hauser

Unless otherwise spectfied *Al dmensions are in INCHES®

I l e - DRAWING S ORMATION oy
— e — e Endress+Hauserm o —
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https://youtu.be/RzXvi04-eSA
https://endresshauser-my.sharepoint.com/personal/jens_hundrieser_endress_com/Documents/Dokumente/Migration/Branche%20Grundstoffe_Primaries/_____________Energie%20Kraftwerke/_________Globale%20Trends/_________________P2G/PROCESS%20Artikel%200712/PROCESS%20WEBINAR%2007.12.2022/case_study_Long%20Ridge_H2%20Blending.pdf
https://www.endress.com/en/endress-hauser-group/Case-studies-application-notes/hydrogen-blending-for-natural-gas-fired-turbines-casestudy
https://www.endress.com/en/endress-hauser-group/Case-studies-application-notes/hydrogen-blending-for-natural-gas-fired-turbines-casestudy
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3. Without hydrogen, no energy transition

SCAN ME
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Hydrogen: installed base and project examples

LH, Level
r\\«

H,% in NG
CCGT power plant

Elektrolyser - seit 2019 .
nahezu 100% mit Endress+Hauser g |

ortex Durchfluss & Leitfahigkeit fiir

0672972021 Cory Marcon Endress +Hauser 1] demineralisiertes Wasser = ol |
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Our Offering across the Hydrogen Value Chain

Production Storage Transport Utilization

(il

=] |

\!"’ |

L 3 .] ‘H "mm
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Our Contribution towards a Green and Sustainable Future

-DECEMBER 2023-

We are committed and support
decarbonization and climate
goal initiatives.

20
ecovadais

‘ Sustainability
. |Rating

We are investing in people, products, 3
solutions and services to support the i
development of hydrogen industry. 8 fo

"1H AR T RSERET Y T f TGN

Our products are developed with «
highest standards of process and -~

environmental safety.

H OB REATHIRS JHE R A ‘H’T”.I—MZ

- 8 Our product portfolio supports online

European Cle.an e s measurement of quantity and quality g
Hydrogen Alliance | asfaice e parameters in the hydrogen production, e
L K : storage, transportation and end use processes. o
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