U4Lead: Revolutionising Lead
Desulphurisation:

From existing process to high-margin

opportunity

In the next 10 minutes we’ll explore STC’s patented U4Lead process:

we'll reveal how this innovation transforms traditional lead paste desulphurisation, delivering
remarkable advantages for your operations.

We will show how an existing process can be transformed into a highly profitable one and how a

simple retrofit can revolutionize your existing facilities.

Alberto Bergamaschini
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~ Paste esulphurization: the advantages

The main benefits of the paste desulphurization process in a battery recycling plant are the following:




The Traditional Chemistry

The chemistry of the traditional desulphurization is relatively simple and consists in the reaction between an alkali chemical (Na,CO,
or NaOH) and the lead sulphate (PbSO,) that is converted into Lead carbonate (PbCO,) or lead hydroxide Pb(OH),.

The simplified overall reactions involved are the following:

The sodium sulphate solution Na,SO, obtained as by product from the reaction, after a purification step (necessary to remove the

contamination from heavy metals), can be crystallized to produce pure sodium sulphate that can be sold to detergent, glass, textile
and paper industries.
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The Equipment Involved

LEAD PASTE
(PbS04)
FROM B&S

PRESS FILTER
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Na2C03 DESULPHURIZATION CENTRIFUGAL DESULPHURATED PASTE Na2S04 SOLUTION
STORAGE & DOSING REACTORS PUMP (PbCO03) TO CRYSTALLIZER

The equipment required for the desulphurization process consists of stirred reactors, pumps, Na,CO, dosing system, filter press.
Generally, the sodium sulphate solution is afterwards crystallized in a crystallization unit.
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Problems with Traditional Desulphurization

The main issues related to the traditional desulphurization process are:

1. The demand for sodium sulphate, one of the main filler components used in washing powder production, has
become weaker with the advent of liquid detergents and the sale price has consequently decreased.

2. The quality of the available sodium carbonate (which normally contains chlorides) imposes the use of special
construction materials like AISI 904L or DUPLEX for heat exchanger and crystallizers in order to avoid the corrosion
problems caused at high temperature in presence of chlorides.

3. The cost of the chemicals increased a lot during recent years (NaOH is a by-product of the chloro-alkali process and
with the reduction of chlorine uses the cost of caustic soda in certain countries increased) thus making the overall
process more expensive.

4. The sodium sulphate solution requires a further expensive purification step to remove dissolved Heavy Metals
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U4Lead Innovative Process

STC has developed and patented an innovative desulphurization process in order to overcome the problems of the chemicals
cost/quality and the relatively poor market for sodium sulphate, ensuring at the same time all the advantages of the
desulphurization process.

The UdLead process by STC uses an amino compound, namely Urea, as chemical for the desulphurization of paste and
electrolyte neutralization process.

The simplified reaction can be summarized as follows:

As by product, pure Ammonium Sulphate is obtained: this chemical has a very good market and can be sold in liquid form or in
crystals as fertilizer for agriculture.
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Key Advantages of U4Lead Process

All the advantages of the traditional desulphurization are maintained and furtherly improved and in particular:

e The process is faster than using Na,CO; thus allowing a reduction of reactors volume or higher efficiency

e The desulphurization level obtained is higher than the traditional process (0,3-0,5% of remaining Sulphur)

e Further reduction of slag generation (only 5-6% on Pb produced!) and associated lead losses are achieved

e Further reduction of Iron usage in the charge for Rotary Furnaces

e UREA is normally cheaper than other reagents and is worldwide largely available

e The by-product obtained is ammonium sulphate that could be used and sold as fertilizer in liquid or crystals form: the selling
price is much higher than sodium sulphate

e UREA does not involve any environmental, pollution and safety problems for workers during transport, storage and handling

e Ammonium Sulphate is already produced and sold by other lead production companies (e.g. Teck, East Penn)

e Ammonium Sulphate has a very low affinity with Lead, Nichel, Arsenic and other heavy metals so there is no need for
purification step

e Ammonium Sulphate may be crystallized and sold as solid fertilizer but it can also be sold in liquid form for fertigation
applications, thus avoiding the cost associated with crystallization unit



2025 3%

Ammonium sulphate in  Ammonium Maximum contaminants in an

solution, mg/L sulphate in organic fertilizer, mg/kg
crystal form (see Regulation EU2019/1009,
mg/kg for inorganic fertilizers)

120-180 g/L Purity >99,5%

(can be increased trough

evaporation)

< 5 mg/L <5 mg/kg 120

BI?S"T

AMMONIUM
SULFATE
21-0-0

® Quick-acting formof
water-soluble nitrogen

o Contains high sulfur (24%)

® High-quality, screened
crystalline material -

Simplot
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Financial Model & Feasibility Assessment

A dedicated calculation model is available to assess the feasibility of the proposed process, including OPEX and CAPEX estimation, as well as ROI
evaluation. An example referred to a plant processing 40.000 ton/year of batteries with an existing traditional desulphurization process:

Costs Analysis for a Desulphurization plant with Crystallization

Unit

U4LEAD

SODA ASH

MASS BALANCES

Total ULAB treated batteries

ton/year

48.000

48.000

Working days per year with desulphurization

day/year

300

300

Treated lead paste per year

ton/year

22.080

22.080

Total electrolyte in the ULAB to be neutralized

ton/year

8.640

8.640

Main reagent used for desulphurization/neutralization

UREA

SODA ASH

Formula

CH,N,O

NEQCO3

Total quantity of main reagent to be used in the year

ton/year

3.356

5.922

Total production of Ammonium or Sodium Sulphate to be sold

tonlyear

7.185

7.340

EXPECTED SAVINGS AND ADDITIONAL REVENUE FROM THE PASTE DESULPHURIZATION IMPLEMENTATION

Saving of Slag Disposal Costs in case of Desulphurization via Urea

Slag produced in the smelting furnaces feeded with desulphurized paste

(ton slag /ton paste)

0,060

0,070

Slag produced per year in the smelting furnaces feeded with desulphurized paste

ton/year

1.324,80

1.545,60

Reduction of produced slag with desulphurization process

ton/year

3.091

2.870

Unit price of slag disposal

€/ton

€ 300,00

€ 300,00

Savings for slag disposal

€

€ 927.360,00

€ 861.120,00

Expected revenue from anhydrous salt sulphate sale

Byproduct (Salt) produced using Desulphurizing/Neutralization plant

formula

(NH4),S0,

Na,SO,

Byproduct produced using Desulphurizing/Neutralization plant

ton/year

7185

7340

Value of anhydrous Salt sulphate crystals

£€/ton

280

80

Sale of anhydrous salt sulphate

€ 2.011.693,23

€ 587.227,39

Recovery of raw lead from slag

Value of recovered lead

€lyear

€ 306.028,80

€ 284.169,60

TOTAL SAVINGS AND REVENUE DUE TO PASTE DESULPHURIZATION

€ 2.522.330,03

€ 1.061.390,13
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COSTS DUE TO PASTE DESULPHURIZATION
LABOUR
Yearly operation costs € 270.000,00 € 270.000,00
RAW MATERIALS
Primary Reagent Name UREA SODA ASH
Unitary cost of the primary reagent €/ton 410 380
Total yearly cost for reagents (€lyear) €1.438.302,54 | € 2.276.625,28
THERMAL ENERGY (GAS LPG)
Combustible (Natural Gas) necessary in the Urea Converter Nmc/year 402.703
Combustible (Natural Gas) Crystallization Area Nmc/year 211.777 216.630
Total Combustible (Natural Gas) related to Desulphurisation/neutralization Plant Nmc/year 614.480 216.630
Unit price of combustible (NG) €/Nmc € 0,50 € 0,50
Total cost of combustible (NG) € 307.239,90 € 108.315,00
ELECTRIC ENERGY
Power for urea converter Kw 28
Power for Crystallization kw 215 220
Power for desulphurization lead paste kw 25 25
Electric energy consumption MW*h/year 1.872 1.705
Electric energy unit price €/MW*h € 160,00 € 160,00
Total electric energy cost € 299.571,16 € 272.854,04
MAINTENANCE
Maintenance costs per working day € 300,00 € 200,00
Working days per year 300 300
Increased maintenance, extraordinary repairs, lubricants, detergents for membrans, filters, etc. € € 90.000,00 € 60.000,00
U4LEAD PATENT LICENSE
Total cost for royalties per ton of ULAB treated €12,00 € 0,00
Total cost for royalties to be paid to STC € € 576.000,00 € 0,00

TOTAL OPERATING COSTS PER YEAR

-€ 2.981.113,60

-€ 2.987.794,33
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Financial Model & Feasibility Assessment

]
Total investment costs for conversion from Sodium Carbonate planttoUreaplant] @ | €3.250.000,00 € 0,00
Local work (siteciviiworks)) @ | €200.00000 | €000 |

Costs Associated with IPPC Significant changes and REACH Registrationofnewmateriall @ | €100.000,00 | €0,00 |
Total InvestmentCost| @ | €3.550.000,00 € 0,00

Depreciation periodoftheplantf | 10 | 10

Amount of depreciation of the STC desulphurizationplant] @ | €355.00000 | €0,00 |
DELTA SAVINGS (Slag Disposal,Combustible Consumption, Oxygen and Ferrous Scraps
DELTA REVENUE (Anhydrous Salt Sulphate Selling, Lead recovered, reduction of furnace use
DELTA COSTS U4LEAD DESULPHURIZATION VS SODA ASH
DELTA NET CONTRIBUTION IMPROVEMENT WITH U4LEAD DESULPHURIZATION VS SODA ASH
34

INVESTMENT PAY BACK FOR SODA ASH PLANT CONVERSION INTO U4LEAD (YEARS
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etrofit with the U4Lead Process

LEAD PASTE
(Pbs04)

FR
ot B&S PRESS FILTER

Na2C03 DESULPHURIZATION CENTRIFUGAL DESULPHURATED PASTE Na2S04 SOLUTION
STORAGE & DOSING REACTORS PUMP (PbC03) TO CRYSTALLIZER

LEAD PASTE
(Pbs04)

FROM B&S
PRESS FILTER

UREA UREA CENTRIFUGAL UREA DESULPHURIZATION CENTRIFUGAL DESULPHURATED PASTE (NH4)2S04 SOLUTION
STORAGE & DOSING DISSOLUTION PUMP CONVERTER REACTORS PUMP (PbCO3) TO CRYSTALLIZER
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The New Equipment:
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Retrofit Implementation Guide

Preliminary Analysis

Assessment of existing plant compatibility. Identification of modification

requirements.

Infrastructure Modifications

Integration of U4Lead system. Adaptation of current equipment.

Staff Training

Safety protocols education. Process management training.

System Launch

Staged implementation. Performance monitoring.




Few words about STC

STC is an Italian EPCM (Engineering Procurement & Construction Management) company which designs and supplies turnkey plants and a
complete range of equipment for the recovery of lead, polypropylene, PE and other materials from exhausted lead batteries as well as any
needed additional service/upgrading for existing plants.
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STC recently launched a new Global Strategy to support our clients worldwide:

Engineering and process design by STC
Local fabrication and procurement by Clients.

This strategy preserves the excellence of our proprietary process know-how while
allowing our partners to:

- Reduce overall investment costs, avoiding high international transport expenses

- Stimulate local economy by involving national contractors and suppliers

- Speed up implementation thanks to quicker availability of manpower and materials

- Ensure faster access to spare parts and local technical support, minimizing downtime
(while STC remains ready to provide immediate assistance and remote support)

- Increase engagement and ownership of the project on the client’s side

‘ We remain fully available to supply turnkey solutions when required, but we
have seen that this modular and collaborative approach is often the most
effective way forward — especially for revamping, modernization and cost-
sensitive projects. We're excited to bring this model to life in new regions
and with new partners.

Smart Engineering for Smarter Clients

DESIGN IN ITALY,
BUILD LOCALLY!

Your Italian Partner for Battery Recycling & Lead Production
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[asTc STC: Your Ideal Implementation Partner

Success Guarantee

Measurable results and guaranteed performance

Expert Team Availability

Engineers, chemists, metallurgists and specialized technicians

Comprehensive Services

Consulting, design, engineering, supply, installation, training,

implementation, technical support, spare parts services
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Take Action Today!

Contact Us Plant Analysis

Schedule your free consultation (;,)\ Get your personalised assessment

Transformation :
q;“'? Implementation Plan

Enjoy improved efficiency and ﬁ
et Receive your retrofit roadmap
profitability



Thank you to our Clients:

MONBAT “y < GREEN A N\iov:n....  pIOMBIFERA ITALIANA

wo
RECYCLING %&wg ;/. V
AN
. B(Iffuui l' ‘\
Campine NO u ............. mi EI

N

d Kwunuuri ] \WEMere
TEAM ITALIA

4 g™ Arab Lead Company L.L.C
ACE Green Recyclin (C
@ y 9 {\Z{Dﬂ

~ &
choMetal SUNLIGNT Gopher umicore

RECYCLINGES




Thank you for your attention

Contact Us:
STC S.rl

info@stcitaly.com
+39 0831 738018

Via Antonio Murri, 22
72023 Mesagne (BR) Italy
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