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Series Editors’ Foreword

Private transportation is going through a dramatic technological transformation.
Increased uptake of electric mobility is expected to decrease the environmental
impacts caused by the tailpipe emissions from internal combustion vehicles sig-
nificantly. In addition, if powered with low carbon intensity energy sources, electric
vehicles might contribute to reducing the amount of greenhouse gas emissions
during their life cycle, therefore, diminishing their contribution to climate change.
This technology, however, involves the development of new automotive compo-
nents, which imply the emergence of new material supply chains. In this regard, the
environmental impact of road transportation has started to transform. Its environ-
mental hotspot increasingly shifts to the manufacturing phase of the vehicle and its
new components. The traction battery required for the vehicle’s operation is one
of the key components. Current commercial traction batteries are expensive, heavy
in weight, and linked with various potential environmental impacts. They contain
high amounts of key engineering metals such as copper, aluminum, nickel, and
cobalt. While the extraction processes of these materials cause numerous local
environmental impacts linked to mine tailing, their refining processes usually
demand large amounts of energy. Furthermore, some of the materials contained in
current lithium-ion traction batteries might face future supply risks due to the
geopolitical instability and potential market constraints caused by resources scarcity
and the low technical feasibility of the extraction processes.

In this context, recycling is a very attractive solution, as it is promoted to return
many of these materials back to their supply chains while preventing further
environmental and social implications. However, recycling is not without envi-
ronmental impact due to energy and resources use during the recovery processes.
Therefore, recycling processes for traction batteries should be designed with the
objective of compensating their life cycle environmental impacts. This means
recovering as much valuable and high-quality material as possible while optimizing
the consumption of energy, time, and resources during the recycling process.

The research within the LithoRec project aimed at developing recycling pro-
cesses, which are able to recover much of the materials used in a commercial
traction battery system while achieving a significant reduction of the energy
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consumption compared to the current commercial pyrometallurgical processes. This
book is the result of more than 5 years of research. It gives a very detailed
description of the processes developed within the LithoRec project. The authors
provide the reader with highly valuable insights into understanding not merely the
theoretical aspects of recycling processes for traction batteries, but also present
analyses of all relevant technical and economic challenges emerging from its
implementation. Therefore, this book makes a significant contribution to our
understanding of many interactions among the technical, economic, and environ-
mental dimensions surrounding the complex process of a battery recycling process.

Christoph Herrmann
Technische Universität Braunschweig,

Braunschweig, Germany

Sami Kara
The University of New South Wales, Sydney

Australia
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Preface

Lithium-ion batteries are increasingly applied in electrical vehicles, stationary
energy storage systems, and other consumer products like power tools. The
increasing usage of lithium-ion batteries requires a rise in their production capacity
and a minimization of their ecological impact, e.g., carbon dioxide footprint.
Moreover, the access to the raw materials has to be ensured and the material costs
have to be kept down, although production rates will rise dramatically in the next
years. In order to fulfill these tasks and goals, the spent lithium-ion battery systems,
especially those of the electric vehicles, have to be recycled and fed back into the
material cycle to close the loop. Today, the first recycling technologies have been
developed and are used for the recycling of lithium-ion batteries. The most common
way is the extraction of the most valuable components by disassembling followed
by pyro-metallurgical processes in a smelting furnace. This process recovers
components of high costs like cobalt, nickel, and copper, enabling synthesis of new
battery materials. However, several other materials including lithium are transferred
into slag and are therefore lost for further battery use.

In order to overcome these problems, a novel recycling process was developed
in the two LithoRec projects financially supported by the German Ministry for
Environment, Nature Conservation, Building, and Nuclear Safety. This book pre-
sents the results of the LithoRec II project. The LithoRec way incorporates the
battery system transport and the establishment of safety strategies for further battery
system handling, dismantling of the battery system, safe crushing of battery cells,
and separation of the different battery components, including electrolyte and active
materials. To gain new raw materials for the synthesis of active material, the
individual compounds were extracted from the coating materials and further sep-
arated by hydro-metallurgical processes. Special attention was paid to a safe pro-
cess design, the maximization of the recycling rate, and the ecological credits, as
well as the minimization of recycling costs. The knowledge was finally consoli-
dated in a pilot plant at the Technische Universität Braunschweig, where 1.4 tons of
battery systems were recycled. The different book chapters show that a sophisti-
cated technological strategy for the recycling of lithium-ion batteries exists already
today, which will enable a closed loop for battery materials in the near future.
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As the scientific speaker of the LithoRec projects, I would like to thank all
involved partners and collaborators for the intensive and highly motivated work
within the last years, and for the preparation of the different book chapters showing
the state of the art in recycling of lithium-ion batteries. In place of the collaborators
my special thanks go to Christian Hanisch, Jan Diekmann, and Martin Steinbild for
their continuous commitment. Our special thank goes to the German Ministry for
Environment, Nature Conservation, Building, and Nuclear Safety for the financial
support and to the project executing organization VDI/VDE Innovation + Technik
GmbH, especially to Dr. Randolf Schließer for the intensive supervision of the
project.

Braunschweig, Germany Arno Kwade
Scientific speaker of the LithoRec projects
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