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Second-life use: Audi e-tron battery modules power electrify
rickshaws in India

e Audi Environmental Foundation goes into third project phase with non-profit
start-up Nunam: Battery modules from Audi e-tron* test vehicles electrify
rickshaws in India

e Target group, women: Rickshaws to enable economic participation and provide a
safe means of transportation

e Timo EnglerHead of Training Automotive Engineering / Logistics at the
Neckarsulm site: “Our team of trainees benefits from the intercultural exchange,
the Nunam team from our know-how in battery electronics, charging time, and
design - the result is a tuk-tuk with Audi’s DNA.”

Bangalore/Neckarsulm, June 15, 2022 - A second life for electric car batteries: The German-
Indian start-up Nunam is bringing three electric rickshaws to the roads of India. They are
powered by used batteries taken from test vehicles in the Audi e-tron* test fleet. The aim of
the project is to explore how modules made with high-voltage batteries can be reused after
their car life cycle and become a viable second-life use case. The project also aims to
strengthen job opportunities for women in India in particular: They will be provided with the
e-rickshaws to transport their goods. The non-profit start-up based in Berlin and Bangalore is
funded by the Audi Environmental Foundation. Nunam developed the three prototypes in
collaboration with the training team at Audi’s Neckarsulm site, which in turn benefits from
the intensive intercultural exchange. This is the first joint project between both AUDI AG and
the Audi Environmental Foundation in addition to Nunam.

The e-rickshaws powered by second-Llife batteries are scheduled to hit the roads in India for the
first time in a pilot project in early 2023. There they will be made available to a non-profit
organization. Women in particular will be able to use the all-electric rickshaws to transport their
goods to market for sale, all without the need for intermediaries. The e-rickshaws are powered
by used battery modules that spent their first life in an Audi e-tron*. “The old batteries are still
extremely powerful,” says Nunam cofounder Prodip Chatterjee. “When used appropriately,
second-life batteries can have a huge impact, helping people in challenging life situations earn
an income and gain economic independence - everything in a sustainable way.”

The start-up’s primary goal is to develop ways to use old batteries as second-life power storage
systems, thus both extending their lives and using resources more efficiently.

“Car batteries are designed to last the life of the car. But even after their initial use in a vehicle,
they still have a lot of their power,” Chatterjee explains. “For vehicles with lower range and
power requirements, as well as lower overall weight, they are extremely promising.

The equipment, data and prices specified in this document refer to the model range
offered in Germany. Subject to change without notice; errors and omissions excepted.

*The collective fuel/electric power consumption and emissions values of all models
named and available on the German market can be found in the list provided at the end
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In our second-life project, we reuse batteries from electric cars in electric vehicles; you might call
it electric mobility ‘lite’. In this way, we’re trying to find out how much power the batteries can
still provide in this demanding use case.”

“Reusing e-waste”

“E-rickshaws have an ideal eco-efficiency,” says 31-year-old Chatterjee. With a high-energy-
density battery and comparatively low vehicle weight, the electric motor doesn’t have to be
particularly powerful, since rickshaw drivers in India travel neither fast nor far. While electrically
powered rickshaws are not an uncommon sight on the roads of the subcontinent today, they
often run on lead-acid batteries, which have a relatively short service life and are often not
disposed of properly.

At the same time, rickshaw drivers charge their vehicles primarily with public grid electricity,
which has a high proportion of coal-fired power in India. Nunam has a solution for this as well:
The e-rickshaws charge using power from solar charging stations. The solar panels are located
on the roofs of the local partner’s premises. During the day, sunlight charges an e-tron battery,
which acts a buffer storage unit. And in the evening, the power is passed on to the rickshaws.
This approach makes local driving largely carbon-free. The upshot: The electric rickshaws can be
used throughout the day - and still be charged with green power during the evening and night.
In India, where the sun shines all year round, placing solar panels on the roof is a no-brainer. The
charging station was also developed internally.

Nunam continuously monitors the e-rickshaws’ performance and range. The social
entrepreneurs make all the e-rickshaw data they collect available to potential imitators on the
open-source platform circularbattery.org. In fact, imitation is expressly encouraged. “Initiatives
like the one pioneered by Nunam are needed to find new use cases for e-waste. Not only in India,
but worldwide. So Nunam shares its knowledge to motivate more initiatives to develop products
with second-life components that can drive the eco-social revolution forward,” says Audi
Environmental Foundation Director Riidiger Recknagel. The Foundation has been funding
Nunam since 2019.

Moreover, after the battery has spent its first life in an Audi e-tron* and its second in an e-
rickshaw, it has not necessarily reached the end of the road. In a third step, the batteries’
remaining power might be used for stationary applications such as LED lighting. “We want to
get everything possible out of each battery before recycling,” says cofounder Prodip Chatterjee.

In the long term, electric mobility and solar energy can help reduce India’s dependence on fossil
fuels such as coal, reduce the huge volume of exhaust emissions on India’s roads, and provide
people with a reliable power supply. Riidiger Recknagel comments: “In many ways, this project is
pointing the way forward.”

*The collective fuel/electric power consumption and emissions values of all models
named and available on the German market can be found in the list provided at the end
of this text. 2/4
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“Anchoring sustainability in training early on”

In addition to the rickshaws intended for road use in India, the trainees at the Neckarsulm site
are developing an additional show rickshaw in cooperation with Nunam. Visitors to the
GREENTECH FESTIVAL in Berlin can check it out - and even give it a test drive - from June 22.
Under the guidance of Timo Engler, head of automotive engineering / logistics training in
Neckarsulm, a twelve-strong team of trainees is playing a key role in development. “The trainees
and Nunam are in constant communication with each other - we have a dedicated line between
Neckarsulm and Bangalore. In building the show rickshaw, our trainees are focusing on range,
charging time, and design - the result is a rickshaw with Audi’s DNA,” says Engler. “To us, it’s
important that the trainees are involved in the project from start to finish and are given the
freedom to contribute and try out their own ideas. ‘Learning by doing’ is our recipe for success.
At the same time, we impart fundamental knowledge in the development of electromobility,
resource efficiency, and charging technologies in an almost playful, incidental way. It’s a
groundbreaking project because it combines the megatrends of sustainability, electromobility,
internationalization, and social responsibility.”

The trainees replaced the combustion engine with an electric one and designed the underfloor to
both accommodate the second-life batteries and be splashproof, using as many recyclable
materials as possible all the while. Mechatronics technicians, coachbuilders, painters, tool
mechanics, IT specialists and automation technicians were all involved in the project. “We are
thrilled to be able to offer our trainees the opportunity to participate in an international project
through the Foundation’s network. It promotes the intercultural exchange of know-how and
technology, from which both sides benefit greatly,” says Riidiger Recknagel.
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About the Audi Environmental Foundation

The Audi Environmental Foundation is an active supporter of research into new technologies and scientific
methods for a livable future. Its stated mission is to help protect the environment and to create and
promote ways to act sustainably. The foundation particularly focuses on advancing and developing
environmentally friendly technologies, environmental education programs, and efforts to protect the
natural foundations of human, animal, and plant life. It was founded in 2009 by AUDI AG as a wholly

owned subsidiary and is part of the company’s work in support of social and environmental causes.
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Fuel/electric power consumption and emissions values** of the models named above:

Audi e-tron
Combined electric power consumption in kWh/100 km (62.1 mi): 26,1-21,0 (WLTP); 24,3-20,9
(NEFZ); combined CO emissions in g/km (g/mi): 0 (0)

**The indicated consumption and emissions values were determined according to the legally
specified measuring methods. Since September 1, 2017, type approval for certain new vehicles
has been performed in accordance with the Worldwide Harmonized Light Vehicles Test Procedure
(WLTP), a more realistic test procedure for measuring fuel consumption and CO2 emissions.
Since September 1, 2018, the WLTP has gradually replaced the New European Driving Cycle
(NEDC). Due to the more realistic test conditions, the consumption and CO2 emission values
measured are in many cases higher than the values measured according to the NEDC. Additional
information about the differences between WLTP and NEDC is available at www.audi.de/wltp.

At the moment, it is still mandatory to communicate the NEDC values. In the case of new vehicles
for which type approval was performed using WLTP, the NEDC values are derived from the WLTP
values. WLTP values can be provided voluntarily until their use becomes mandatory. If NEDC
values are indicated as a range, they do not refer to one, specific vehicle and are not an integral
element of the offer. They are provided only for the purpose of comparison between the various
vehicle types. Additional equipment and accessories (attachment parts, tire size, etc.) can
change relevant vehicle parameters, such as weight, rolling resistance and aerodynamics and,
like weather and traffic conditions as well as individual driving style, influence a vehicle’s electric
power consumption, CO2 emissions and performance figures.

Further information on official fuel consumption figures and the official specific CO2 emissions
of new passenger cars can be found in the “Guide on the fuel economy, CO2 emissions and power
consumption of all new passenger car models,” which is available free of charge at all sales
dealerships and from DAT Deutsche Automobil Treuhand GmbH, Hellmuth-Hirth-Str. 1, 73760
Ostfildern-Scharnhausen, Germany (www.dat.de).
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