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Electric cars as part of the energy transition:
Audi is researching bidirectional charging
technology

¢ Intelligent use of electric cars offers great potential for the energy transition

e Temporary storage of domestic PV electricity possible thanks to bidirectional
charging

e Cost-optimization and domestic electricity supply provide financial incentives

Ingolstadt, July 23, 2020 - Increasing network stability, lowering electricity costs, and
contributing to climate protection - that is the vision that Audi and the Hager Group are
pursuing. The incorporation of the electric car into the domestic grid is at the core of an
innovative research project on bidirectional charging. This offers major advantages in
combination with a photovoltaic system in particular. Excess PV electricity can be stored
temporarily and output as needed.

Audi has committed to the objectives of the Paris Climate Agreement and is working on making
its vehicle fleet COx-neutral by 2050. In order to achieve this aim, the brand with the four rings
is pursuing a broad electric offensive that involves launching around 20 fully electric models by
2025. And not only that: The electric car is to evolve into part of an increasingly broad mobility
offer and become an element of the sustainable energy transition.

In the first half of 2020, renewable energies contributed more than 50 percent to the German
electricity mix for the first time. However, the increasing percentage is also accompanied by a
basic dilemma of wind and solar power: The generation of electricity is not always constant. On
sunny days and phases with strong winds, there is often a lack of capacity to store the generated
energy that the grid cannot use.

As the number of registered electric cars increases, the number of mobile energy storage units
also rises. This offers great potential, provided that the storage capacity can be used
intelligently. This is why Audi and the Hager Group joined hands and developed a research and
solution approach that creates financial incentives and offers greater security of supply:
bidirectional charging. “Electric mobility is bringing the automotive industry and the energy
sector closer together. The battery of an Audi e-tron could supply a single-family home with
energy for around one week independently. Looking ahead, we want to make this potential
accessible and make the electric car part of the energy transition as an energy storage device on
four wheels,” says Martin Dehm, technical project manager for bidirectional charging at Audi.
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The electric car as a flexible energy storage unit

The idea is as simple as it is genius: The high-voltage battery of the electric car not only is
charged via the wall box at home but can also supply energy back to the house as a decentralized
storage medium. If the customer has a photovoltaic system, the electric car serves as a
temporary storage medium for the domestically generated eco-electricity. When the sun is no
longer shining, the vehicle can supply the stored electricity back to the house. Bidirectional
charging at home - also known as Vehicle to Home (V2H) - has great potential to reduce the
home owner’s electricity costs and increase network stability. As a further expansion stage in
combination with a home storage unit, it is possible to achieve near complete energy
independence and increased security of supply in the event of a blackout. “Using the battery of
electric vehicles to contribute to climate protection while lowering electricity costs at the same
time is a vision that we have found fascinating since the very beginning. And we have found an
ideal partner in Audi,” explains Ulrich Reiner, project manager at Hager Group.

Near-series technology in use

What sounds simple in theory requires a high level of technical intelligence and coordinated
interaction between different technical components in terms of infrastructure and in the vehicle
in practice. An Audi e-tron with near-series charging technology was used in the research
project. In the test grid, the fully electric Audi model operated with a DC wall box, which enables
a charging capacity of up to 12 kW, and a flexibly extendable home storage unit with a capacity
of 9 kWh. While it could provide additional flexibility in possible series production, it is not a
necessary requirement for bidirectional charging. Thanks to the DC voltage level in the overall
grid, the connection between the PV system and the vehicle does not require an inverter and is
thus a particularly efficient solution.

Charging with PV electricity saves money

Bidirectional charging focuses mainly on use cases where home owners use their own
photovoltaic system to benefit from cost-optimized charging with their domestically generated
electricity. The electric car stores the excess electricity from the PV system that is not used by
appliances in the house. If the customer has variable rates, the electric car can supply the entire
house in phases where electricity prices are high. At night or during non-productive times of the
rate, the car then uses inexpensive electricity to charge up to the desired target SOC (state of
charge). Bidirectional charging also provides a security of supply that extends beyond pure cost
optimization: In the event of a blackout, the system can supply the house with energy via the
high-performance HV battery or it can even operate a building without a grid connection
independently in what is known as stand-alone operation.
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Everyday usability in the focus of the developers

The developers made everyday usability a top priority. “Maintaining mobility is at the center of
our attention. Customers therefore don’t need to restrict themselves in order to make
bidirectional charging suitable for everyday use,” Dehm describes the focus of the development.
“The intelligent charging management manages the optimum use of the battery, thereby
maximizing the cost-effectiveness of the overall system. The system is very easy for customers
to use - all they have to do is plug in the car, and the rest happens automatically.”

The joint research project with the Hager Group has proven two essential things: Customers who
have their own PV system can design their mobility to be optimized in terms of cost and CO;
consumption while taking some of the burden off the grid at the same time. As a positive side
effect, customers who own an electric car from Audi can make an important contribution to the
success of the energy transition. The intelligent use of the HV battery in the vehicle also opens
up possibilities to use an existing resource that was previously used for mobility purposes alone
in a sustainable way.

Fuel/electric power consumption of the models named above:
(Fuel/electric power consumption, CO> emission figures and efficiency classes given in ranges depend on
the selected equipment of the vehicle)

Audi e-tron 50 quattro

Combined electric power consumption in kWh/100 km (62.1 mi): 26.6-22.4 (WLTP); 24.3-21.9
(NEDO);

combined CO, emissions in g/km (g/mi): 0

Audi e-tron 55 quattro

Combined electric power consumption in kWh/100 km (62.1 mi): 26.4-22.4 (WLTP); 23.1-21.0
(NEDO);

combined CO, emissions in g/km (g/mi): 0
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The specified fuel consumption and emission data have been determined according to the measurement
procedures prescribed by law. Since September 1, 2017, certain new vehicles are already being type-
approved according to the Worldwide Harmonized Light Vehicles Test Procedure (WLTP), a more realistic

test procedure for measuring fuel consumption and CO2 emissions. Starting on September 1, 2018, the New
European Driving Cycle (NEDC) will be replaced by the WLTP in stages. Owing to the more realistic test
conditions, the fuel consumption and CO2 emissions measured according to the WLTP will, in many cases,

be higher than those measured according to the NEDC. For further information on the differences between
the WLTP and NEDC, please visit www.audi.de/wltp.

We are currently still required by law to state the NEDC figures. In the case of new vehicles which have been
type-approved according to the WLTP, the NEDC figures are derived from the WLTP data. It is possible to
specify the WLTP figures voluntarily in addition until such time as this is required by law. In cases where the
NEDC figures are specified as value ranges, these do not refer to a particular individual vehicle and do not
constitute part of the sales offering. They are intended exclusively as a means of comparison between
different vehicle types. Additional equipment and accessories (e.g. add-on parts, different tire formats, etc.)
may change the relevant vehicle parameters, such as weight, rolling resistance and aerodynamics, and, in
conjunction with weather and traffic conditions and individual driving style, may affect fuel consumption,

electrical power consumption, CO2 emissions and the performance figures for the vehicle.

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, Germany, or at www.dat.de.

The Audi Group, with its brands Audi, Ducati and Lamborghini, is one of the most successful manufacturers
of automobiles and motorcycles in the premium segment. It is present in more than 100 markets worldwide
and produces at 16 locations in 11 countries. 100 percent subsidiaries of AUDI AG include Audi Sport GmbH
(Neckarsulm, Germany), Automobili Lamborghini S.p.A. (Sant’Agata Bolognese, Italy), and Ducati Motor
Holding S.p.A. (Bologna, Italy).

In 2019, the Audi Group delivered to customers about 1.845 million automobiles of the Audi brand, 8,205
sports cars of the Lamborghini brand and 53,183 motorcycles of the Ducati brand. In the 2019 fiscal year,
AUDI AG achieved total revenue of €55.7 billion and an operating profit of €4.5 billion. At present, 90,000
people work for the company all over the world, 60,000 of them in Germany. With new models, innovative
mobility offerings and other attractive services, Audi is becoming a provider of sustainable, individual
premium mobility.
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