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The collective expertise of three renowned global electrolysis Ieadersju
IS part of thyssenkrupp nucera

Foundation of Chlorine Engineers Acquisition of Chlorine Rebranding:
Corporation Engineers Corp. by De Nora thyssenkrupp nucera

1960 1973 2001 2011
All units join forces: On July 7%, thyssenkrupp
Foundation of Uhde’s Foundation of UHDENORA as Foundation of nucera is officially listed
Product Unit Electrolysis joint venture thyssenkrupp Uhde on the Frankfurt stock

HH%HHH: Chlorine Engineers market
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thyssenkrupp nucera is a global organization with a successful track‘m
record

Milan , %
- S

750+

employees worldwide

regions

600+

successful electrochemical

projects worldwide
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1. Based on 3GW+ contracted green hydrogen capacity.



Purpose:
We shape the new era.

Vision:
#1 provider for hydrogen and
chlorine technologies.

Mission:
With passion for innovation, we enable our
customers to make superior electrolysis
products and minimize the CO, footprint.

thyssenkrupp
nucera




thyssenkrupp nucera’s Electrolysis Technologies — Chlorine L
Technology

Chlor-Alkali Electrolysis N Hydrochloric Acid Electrolysis

Uhde Single Element / BM2.7
Chlorine Engineers BITAC
NaCl ODC1 ”

HCI Diaphragm
HCI ODC!

o 5, e

Developed in earlies of year 1960
1.0DC: Oxygen Depolarized Cathodes executed Chiorine Technology
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thyssenkrupp nucera’s Electrolysis Technologies — green Hydrogen L
Technology

Alkaline Water Electrolysis (AWE) N Solid Oxide Electrolysis Cell (SOEC) - Pilot Plant

scalum® Strategic Partnership with Fraunhofer IKTS, Germany

>3 GW

contracted green Hydrogen Technology
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... and a single point responsibility towards our customers ﬁu

Highly skilled

design specialist

Highest

360° services

engineering
quality

from one partner

Single point
responsibility

Supply of
proprietary items

After sales

thyssenkrupp
nucerda

services
& Spares

Concept to

commissioning

%) > >

Technology Engineering Implementation Commissioning After-sales & 360° services
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nucera Chlor-Alklai Technology - = T~2L/jils -

Electrolyser Developments
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thyssenkrupp nucera Chlor-Alkali Plants — India Footprint

Primo Chemicals (former Punjab Alkalies) — Nangal, Punjab

Lords Chloro Alkali — Alwar, Rajasthan
Grasim Industries— Nagda, Madya Pradesh
Grasim Industries— Vilayat, Gujarat

GACL- Vadodara, Gujarat

Kutch Chemicals- Ghadhidham, Gujarat
Nirma Ltd. - Bhavnagar, Gujarat

Reliance Industries — Dahej, Gujarat

Tata Chemicals - Mithapur, Gujarat

Aditya Birla Nuvo - Veraval, Gujarat

GNAL - Dahej, Gujarat

GACL - Dahej, Gujarat

UPL Ltd. - Jhagadia, Gujarat

Century Rayon - (Kalyan) Thane, Maharashtra
Atul Ltd — Valsad, Maharashtra

Grasim Industries — Karwar, Karnataka

BM+BiTAC

BiTAC

Grasim Industries — Renukoot, Uttar Pradesh
Orient Paper — Amlai, Madhya Pradesh

Grasim Industries — Rehla, Jharkhand

Grasim Industries — Ganjam, Odisha

Grasim — Balabhadrapuram, Andhra Pradesh
Andhra Sugars - Saggonda, Andhra Pradesh
Andhra Sugars - Kovvur, Andhra Pradesh

TGV Sree Rayalaseema - Kurnool, Andhra Pradesh
Tamilnadu Petroproducts — Chennai, Tamil Nadu
Chemfab Alkalies — Pondicherry

Chemplast Sanmar - Karaikal, Pondichery

DCW Ltd.-Tuticorin, Tamilnadu

9

Technology

&

Engineering

5]
i

Implementation

Commissioning

> @

After-sales services
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Chlor-Alkali chemical process in a nutshell

.

Cathode

Cathode

Electrolysis

Membrane
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Innovative Chlor-Alkali and HCI solutions for industrial progress L

Global leader >10 GW Over 600 Over 240.000

in electrolysis electrolyzer capacity electrochemical electrolytic cell
installed? projects realized elements produced
/ Product Portfolio \
Chlor-Alkali Electrolysis: Hydrochloric Acid (HCI) Electrolysis:
Local production of Chlorine (Cl,), Caustic Soda (NaOH) and Hydrogen (H,) Recycling of HCl into Chlorine (Cl,) and Hydrogen (H,)

NaCl ODC* HCI Diaphragm HCI ODC*

1. To produce chlorine and hydrogen 2. Bipolar membrane electrolyzer 3. BiTAC: Bipolar Tosoh and Chlorine Engineers 4. ODC: Oxygen Depolarized Cathode
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History of power consumptions for BM/BITAC series ﬁu
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Power consumption reduced substantially over the last decades by our Technology improvements

15 12t Nov. 2024 | Technology Development in CA Industry @ IICHE, Delhi | Ranga Rao N thyssenkl’upp nucera

Confidential



Successful market entry of NaCl-ODC technology

History of NaCI-ODC

Demonstration

Full indus_trial scale _
v”’, ,}1{”‘ — x'

—~

Covestro, Uerdingen Germany

2011

20,000 t/year Cl,
4-4.5 KA/m?

Demonstration
Indian market

b/
Grasim, Nagda India

2013
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Commercial plant
Chinese market

/
Befar Group, Binzhou, China

2015

35,500 t/year Cl,
4 kA/m?

fhid, v!~ Septém

Greenfield Commercial plant
European market

Covestro, Tarragona, Spain

2022

136,000 t/year Cl,
6 kA/m?

thyssenkrupp nucera
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nucera evaluator Electrolyser & individual cell element safeguards !‘

Individual
Cell Voltage
Monitoring

SR WS Automatic

Process Data Insulating
Evaluation monitoring

system (IMS)
WEB-BASED

NUCERA
EVALUATOR

Bus bar
Performance symmetry
Optimization monitoring
system (BSM)

Predictive
Maintenance
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Chlor-Alkali chemical process in a nutshell

.

Cathode

Cathode

Electrolysis

Membrane
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Developments/Improvements in Brine System !‘

Conventional Brine Treatment System

Salt
! ol
Saturator  Precipitation Sludge Anthracite Polishing lon
Tanks Clarifier Filter Filter Exchange
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Developments/Improvements in Brine System !‘

Single step filtration system

Salt {
l — _
1 > > @
o i Polishin lon
Saturator Precipitation - Sludge Anthracite i g Ech
Tanks Clarifier Filter ilter xchange
Alternative Filtration-PTFE Membrane / Ceramic Filtration / Surface Filtration
Salt
| T
. > —
,< ) ] NN
M
N e To Sludge Removal lon
Saturator Precipitation Tanks Exchange
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Developments/Improvements in Brine System

Membrane life improvement - Removal of lodine in Brine

rhid L'E' Septemt
NaOH
Polished Brine to lon
|

Y J Ry J Ry < 200 ppb wiw -
HCI
N~ N~ N
,,
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Developments/Improvements in Brine System !‘

Konfiguration

3/2/1

Feedheader from
stage 1 to stage 2

Removal of Sulphate — nucera SRU Unit

Sampling Lines

Permeate
Permeate b collecting header

Concentrate

Feed

Recycle

Anolyte Dechlorination — Alternative chemical Dechlorination using H,0, and Removal of H,0,
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Product Quality Improvement

Caustic : ClO57, SO,%

Chlorine : CO5%7, Br, O,
Hydrogen : 0,, H,0
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Gas Product(s) Quality Improvement

Product Chlorine Gas — Decarbonisation of Brine

HCl Air + CO,

< 10 mg/I Na,CO5
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Developments/Improvements in Brine System 3‘

Product Chlorine quality improvement - Removal of Bromine in Brine

Air + Br, + Cl,

A 4

Brine with Bromide @

Energy Source

g Brine with Br_ < 2ppm
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Gas Product(s) Quality Improvement s_

Product Chlorine Gas — Oxygen removal

Purge ClI,
Quality of Chlorine from Quality of Chlorine
Membrane cell plant required for utilization
Parameters Unit Specification Parameters Unit Specification
Chlorine % viv > 98.0 v Chlorine % viv > 990
Oxygen % viv 061t01.0 | Oxygen ppm v/v <50
Nitrogen & Inerts % vIv <05
Hydrogen Y%viv 0.01—-0.05
Moisture ppm w/w Saturated
Energy source
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Gas Product(s) Quality Improvement
Product Hydrogen Gas — Hydrogen Purification - Deoxo and Drying Unit

Quality of Hydrogen from Membrane cell plant

Parameters Unit Specification
Hydrogen % viv >99.9
Oxygen % viv <0.1
Nitrogen % viv <0.5
CcO2 ppm v/v <15
CcO ppm v/v <2
. 0,
Moisture 7o VIV Saturated
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Quality of fuel Cell grade Hydrogen as per ISO 14687

Impurity Amount fraction limit (ppm)

Water
Total hydrocarbons
Oxygen
Helium
Nitrogen
Argon
Carbon dioxide
Carbon monoxide
Total sulphur compounds
Formaldehyde
Formic acid
Ammonia

Total halogenated compounds

IS0 14687-2 specifications for maximum allowable impurity content of hydrogen

5

2

5

300

100

100

0.2

0.004

0.01

0.2

0.05
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Gas Product(s) Quality Improvement
Product Hydrogen Gas — Hydrogen Purification - Deoxo and Drying Unit

H! in 02  Dew Pont

L rﬁ?@@@@b@ﬂ

Hydrogen i i

C D
A
2H, + 0, > 2H,0 o X
@ ) C @
S-S O— [ ° = RS
A i T e
: fc
9—‘
Condensate
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