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2 About - ARE&M

AMARA RAJA - TIRUPATHI

) AMARARAJA

~1.5 Billion USS Revenue — FY 25

2 manufacturing Locations, 9 plants

Automotive — 65+ Mn batteries, Industrial — 3.2+ BnAh per annum
~3,00,000 MT lead per annum

11000+ Employees

Technology center with 150+ Employees

60+ Countries



B ARE&M - Batteries Products and Application \_) AMARA RAJA

Gotta be a better way

Amara Raja Batteries is the technology leader and one of the largest manufacturers of lead-acid batteries for both industrial and automotive

applications in the Indian storage battery industry.

Application Segment & Product

Range - Industrial

* Power Generation units

* Transmission & Distribution
points

* Telecom

* Railways

* UPS

* Offshore units

* Other Industries

Application Segment & Product
Range — Automotive

Passenger cars
3 wheelers

2 wheelers
Tractors

Trucks
E-Rickshaw

Passengercar 3 Wheelers Trucks 2 Wheelers Inverters
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» Automotive Transformation J

CAGR 20-30: +19,9%
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D Critical Performance
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B NAM Structure — Control (SLI) @ AMARA RAJA
) Morphology Structure

e Particle Distribution // e Surface Area

* Anisotropic Channel e Pore Network
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Ref:
}> }>}> }> }> }> 1. Effect of carbon surface area and sodium lignosulfonate interaction (https://doi.org/10.1590/PYTQ9316)
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B Materials - Oxygenated / Deoxygenated ) AMARARAJA

Gotta be a better way

) Organic Lignin Carbon Allotropes
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Ref: & P [ ] Ref:
1. Lignosulfonate-Modified Electrodes (https://pubs.acs.org/doi/10.1021/1a9008575) 1. Carbon allotropes: (https://doi.org/10.1002/jctb.1693)
2. Lignin/Carbon Composite Electrodes (https://pubs.acs.org/doi/10.1021/acssuschemeng.0c05397) 2. Sp? and Sp? Hybridized Carbon ( https://doi.org/10.1002/adma.202310422)
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B Development of new formulation - CA ) AMARARAJA

Gotta be a better way

Sponge Lead

(Pb) Carbon Additives Migg.m;es Polflti%ef;l;tcwhgrk
l l ® NAM Additives (BaSO4, Lignin & Carbon)
Porosity
\ ‘ ®  Functional groups
BaSO4
Seed Crystals

®  Hybridization (Sp? / Sp3)

® |onic / Electronic Conductivity
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®  Thermal Stability
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B DoE - Optimum Solution
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B DoE - Optimum Solution

BaS04 Lignin Carbon1
Contour Plot of CAT
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DoE Run: Design = Analyze = Optimize
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B NAM Structure - Experimental

) AmARARAJA
) Control ) Modified
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B Results — Surface Isotherms \J) AMARARRIA
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Adsorption /Desorption:
- Similar Surface area (p/p0: 0.2 — 0.4) in both control & modified
- Lowered pore volume leading to mesopore in the modified version.



B Results - EC ) AMARARAJA
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B Summary & Conclusion J

NAM Optimized to achieve desirable performance

@ « Oxygenated / Deoxygenated influence the pore structure of NAM
» Hybridized carbons improve the electrodes isotropic network

Achieving the necessary performance makes Lead batteries a strong
candidate for automotives as Low-Volt (12V-AUX) storage.
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