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The Federal Association of German
Steel Recycling and Disposal Compa-
nies (BDSV)

The BDSV represents the interests of German
companies — or companies operating in Germany
— that are active in the steel recycling sector and
provide other disposal services. It is the largest
steel recycling association in Europe. At the focus
of the association’s objectives are the commercial
and ecological framework conditions of the recy-
cling industry. Its aims are to preserve the envi-
ronment and protect raw material reserves. The
ecological objectives must, however, be compa-
tible with a commercially realistic and pro-com-
petitive environment.

Fraunhofer UMSICHT

The Fraunhofer Institute for Environmental,
Safety, and Energy Technology (UMSICHT) is a
pioneer in the fields of sustainable energy and the
raw materials industry through its activities which
include the provision and transfer of scientific
findings to companies, society and politicians.
Together with its partners, the dedicated
UMSICHT team researches and develops sustai-
nable products, processes and services that are
inspiring.

Achieving a balance between commercially
successful, socially just and environmentally
compatible developments is the focus of the
Institute’s work. The Institute has sites at Ober-
hausen, Willich und Sulzbach-Rosenberg.
Fraunhofer UMSICHT generated a turnover of
EUR 39.1 million during 2015 with a workforce of
489. One of 67 institutes and research establish-
ments of the Fraunhofer Society, Europe’s leading
organisation in the field of applied research, the
Institute maintains a global network and promo-
tes international collaboration.
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Markus Hiebel, Dr. Ing.

Head of the Department of Sustain-
ability and Resource Management,
sustainability officer

Z Fraunhofer

Foreword and background to the study

As an independent applied research
institute, Fraunhofer UMSICHT sup-
ports industry in the development
and evaluation of sustainable man-
agement methods and environ-
mentally friendly technologies. This
strengthens the innovative capability
of the German economy.

On the way to achieving a circular
economy, the steel recycling sector
is among the most important players
in the value chain. Together with the

BDSV, Fraunhofer UMSICHT is there-
fore pleased to have been involved
in mapping out the key role played
by the steel recycling industry in this
scientifically substantiated study. Du-
ring the course of our study we car-
ried out interviews with experts in the
field.

On behalf of the BDSV too, we would
like to thank the interviewees for par-
ticipating and for their valuable input.

URSICHT

Questions to Andreas Schwenter
— President of the BDSV

What is your objective with the “Future of Steel
Scrap” study?

This is the first comprehensive scientific study into
the role of steel recycling in Germany. It deals in de-
tail with the technical, economic, ecological and so-
cial factors involved in steel and stainless steel scrap.

What do you consider to be the core message of the
study?

The steel scrap sector is the central service provider
in the value chain of the steel industry and will in
future play an even more important role in the devel-
opment of the circular economy.

How is your industry perceived by the public and
politicians?

The term “scrap” often carries negative connotations.
Rusty steel unfortunately conveys a false impression
of the actual value of the product. Stainless steel,
which does not rust, is not quite as badly affected by
this image. Steel is one of the few secondary raw ma-
terials that already has a very specific monetary value
and can also be recycled as many times as desired,
without any loss in quality. At our companies, steel
products that have come to the end of their lifecycles
are processed for further use in steelworks. Although
we are an essential element in the value chain, our
image is unfortunately somewhat poorer than that

of the steel industry as
a whole. As the study
shows, this is a comple-
tely unfair picture.

How would the steel recycling sector like to be per-
ceived?

The steel recycling sector provides benefits! We
are preserving the future — and have been doing
so for more than 100 years. This is the key message
we want to convey to the public and politicians. It
is the companies in the steel recycling sector that
collect the secondary raw materials and process them
to a quality that even allows the steel producers to
re-use the material and transform it into new, high
quality products. This saves resources and simultane-
ously reduces COz emissions.

What specific demands are you making of politicians?

We need a better legal and commercial framework
environment. Due to the fact, that we are not fi-
nanced by the state, we must be able to successfully
carry out our work in the private sector. This is the
only way for the steel recycling industry to maintain
jobs, develop innovative future-oriented technolo-
gies and continue in its extremely important contri-
bution to environmental, social and economic policy.
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Steel scrap volume

Global volume of steel scrap in millions of tonnes
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German volume of steel scrap in millions of tonnes
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Country comparison of the volume of steel scrap used for crude steel
production during 2015 in millions of tonnes
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Lifecycle scenarios

What happens to the structure of a building once it has been demolished?

Lifecycle scenarios for concrete and steel in buildings

Summary of the re-use
and recycling rates from
the Eurofer study of
2012 (excerpt)

[Graphic 4]
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Steel production processes

The steel industry already started to recycle steel scrap in the 19th century. Due to the increase in production
of steel, combined with the use of steel for manufacturing of a wide range of goods, meant that an increa-
sing amount of steel scrap became available at cost-effective prices. Secondary raw materials were born and
soon caught the attention of the steel producers of the time, well before the current debates about resource

efficiency.

The success story of steel recycling, and the use of the
secondary raw material as an economical alternative
to iron ore, was facilitated by the development of the
Siemens-Martin process, which emerged as the first
large-scale technical process for using scrap in the
production of steel. Depending on the alloy, stainless
steel already contains specific elements like Nickel
and chrome that are otherwise very expensive to ob-
tain and which define the characteristics of the final
steel product and its field of application. This ranges
from the steel girders used for bridge construction to
the steel sheets used for manufacturing cars.

In modern steel production a distinction is made be-
tween the manufacturing of steel using the electric
arc process and the basic oxygen process via the blast
furnace route. Electric arc steel furnaces are almost
completely dependent on supplies from the steel re-
cycling sector. The current production ratio of electric
arc steel to basic oxygen steel is approx. 30:70. For
stainless steel the ratio is 100:0 outside China. The
raw materials used here for producing the various
steel products are the defined
and quality-assured secondary
raw materials, steel and stain-
less steel scrap. However, ba-
sic oxygen steelworks, which
primarily produce steel from
pig iron, and therefore on the
basis of iron ore, also use up to
20 percent steel scrap.

This means that steel scrap
represents an essential pil-
lar in delivering the raw ma-
terial requirements for the
steel industry. This, in turn,
is an integral part of the
German economy, for instance
in infrastructure projects. Steel
—and therefore a proportion of
what was once scrap —is found
in every car (including every

electric car), almost ev-
ery building, every bridge,
every machine and every
wind turbine. In the case
of standard steel alloys,
the ratios of scrap content
are actually even higher.
One could even say that
the stainless steel sink in
your kitchen contains between
70% and 80% recycled materials.

The provision of quality

assured raw materials is a
highly significant issue for
the purchasing steelworks.

Prof. Daniel Goldmann, Dr. Ing.,
Institute of Mineral and Waste
Processing, Waste Disposal and
Geomechanics (IFAD) — Chair of
Raw Material Processing and Re-
cycling at the Technical University
of Clausthal.

In order to assure the quality, utilise production
capacities to the optimum extent and produce steel
under the optimum technological and commercial
conditions, the two manufacturing routes form a
symbiotic relationship — which therefore encompas-
ses steel production and steel recycling.

Steel can theoretically be recycled infinitely. This
makes steel recycling a key foundation stone of the
circular economy.

Blast furnace during production of pig iron
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Production routes for steel in Germany during 2015

Blast furnace route

Electric arc furnace process

I Lump ore i Fine ore I

“ Sinter

Oidl
Pellets Scrap
Direct reduced iron
0il, gas or Hot blast (0.6 m tonnes)
coal 0,
0, Pig iron (27.8 m tonnes)
W Scrap (5.1 m tonnes)
CONVERTER ELECTRIC ARC
FURNACE
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mould with a square, Casting ladle where it is allowed to

rectangular or round
cross section.

This creates a solid
square, rectangular
or round rod that is
subsequently cut to
the desired length.
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Final processing

This semi-finished steel is heated in furnaces
to 1,200°C so that it can be rolled, i.e. drawn
between rollers, and flattened. The rolling
process results in two product categories:
long products (e.g. girders, rods or wire) and
flat products (e.g. steel plates and sheets in
stacks or on rolls).

solidify.

Once solidified, the
metal blocks are strip-
ped from the moulds.
In both of these
processes the final
result is known as se-
mi-finished steel.
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800°C

Rollers
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Without steel scrap there would be no steel industry

If it were not for the German steel recycling industry there would be no German steel industry. The steel
scrap sector is the central service provider in the value chain of the steel industry and will also play, in the
future, a decisive role in the development of the circular economy.

The companies of the steel recycling industry are the
facilitators which collect the secondary raw mate-
rials and process them to a quality that allows the
material to be re-processed at the steelworks. This,
in turn, is the prerequisite for the creation of new
steel products. Steel scrap ensures that the raw
material requirements of the German steel industry
are —and will be also in future — secured by providing
high quality secondary raw materials.

Recycling without quality loss

Primarily — but not only — for the stainless steel sector,
the steel recycling industry has developed sophisticated
analytics and innovative technologies in order to satisfy
the increasing quality standards demanded by the steel-
works. Through proper processing and intelligent mate-
rial flow management, the secondary raw materials can
be repeatedly used in the production of steel and stain-
less steel, among others in the construction, automoti-
ve, energy technology and aerospace sectors.

Steel's life circle

Raw material %
extraction

Q

Steel recycling

By leveraging modern material flow management
techniques, the steel recycling industry delivers both
alloyed and normal steel scrap for the right fields of
application, thereby providing the steelworks with a
quality assured secondary raw material of the high-
est quality and purity. This also ensures that the valu-
able alloying elements enter the intended production
paths and that their functionality, in terms of deter-
mining the characteristics of the steel products, is
maintained.

This service, in the
form of continuous mon-
itoring using chemical
analysis and intelligent
sorting processes, has
allowed alloyed steel
scrap in particular, to
find a use as a raw ma-
terial for high-tech pro-
ducts.

There is effectively no
downcycling in the (stain-
less) steel recycling sector.
However, upcycling tends to
be more prevalent, because
material developments over
the years now mean that in-
creasingly better materials
can be manufactured from
the scrap.

Prof. Riidiger Deike, Dr. Ing.,
Chair of Iron and Steelmaking
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an = (&
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Metallurgy at the University of
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Steel production

Manufacturing
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Innovations in the steel recycling industry

Over recent decades, a large number of innovations have contributed not only to optimising the processes
used in the steel recycling sector — they are also playing an increasing role in environmental protection and

the conservation of resources.

The foundation stone for innovation in the steel re-
cycling sector was laid as far back as the start of the
industrial revolution. As already discussed on page 5
(The steel production process), steel scrap was used
as a primary raw material for the first time in 1864 in
the so-called Siemens-Martin process.

However, a lot has happened since those pioneering
years of industrialisation. Today, significant develop-
ments in terms of process optimisation are mostly
driven by machinery and plant engineering firms in
cooperation with experts from recycling companies
—and not only with the aim of satisfying the increa-
singly stringent legal requirements in the area of en-
vironmental protection and emission control.

The same is true of the steel recycling industry:
Significant innovations took place, among others,
with the development of low-emission shredding,
sorting and treatment processes in order to make
pure raw materials that could be produced in bat-
ches. Other key innovations occurred in the areas of
logistics, infrastructure and quality assurance. Auto-
mation of the workflows and their networking and
digitalisation have emerged as the key components
of intelligent material flow management. The bund-
ling of the experiences and services of individual

Innovation milestones (a selection)

1920s

From 1856 From 1890 From 1900 1930s From 1945

Use of
alligator
shears with
so-called
pre-crushers

Further
development
of scrap
shears with
larger blade
openings

Scrap is used
in the
Thomas pro-
cess and in
the Siemens-
Martin
process

Use of scrap
shears

Development
of scrap
presses.

From 1920
use of mecha-
nical metal
balers

First patent
for a shred-
der in the
USA

Use of
spindle
presses, later
scrap baling
presses

companies allows the continuous provision of premi-
um quality materials.

However, the willingness of the industry to innova-
te is also subject to limits imposed from the outside.
Unfavourable commercial and environmental policy
framework conditions can limit the willingness to
innovate. This is particularly true of smaller businesses
which, as a result of their lower profit margins, are
less frequently able to finance innovations. In this
connection, medium-sized firms definitely consider
innovations as a competitive advantage. First and
foremost are the development of analytical methods
and the separation of old and new scrap into pure
grades, in particular when seen against the back-
drop of increasingly complex materials. The automo-
tive industry has made a significant contribution to
promoting innovation — also in the area of steel
recycling — through its demand for high-functionality
steel products and their manufacture. The issue of
improving the separation of high-tensile steels into
pure grades of steel scrap still offers particular poten-
tial for innovation. The challenges of a circular econ-
omy apply to the whole value chain. In this connec-
tion, all parties involved should endeavour to expand
their continuous dialogue.

§ §

1986

1960s 2010s Future

1975

2000s

USA:
large-scale
development
of shredders

EU: Industrial
Emissions
Directive with
BAT* informa-

Further
specialisation
in the sorting

sector

Use of scrap
grinders in
Germany

The Waste Act Among others,
andin 1996 increased use
the Closed  of radioactivity
Substance meters and

Sl Cycle and metal detec- tion sheets Industry 4.0:
ment of the Waste (oS EEUEI  digitalisation
construction Management challenges on SRR
of shredding Act demand the state-of-

plants in further the-art of the

alternative
recycling
options

steel recycling
industry.

From 2012:

Implementati-
on in Germany

Germany

Use of
large-scale
hydraulic
metal balers

* Best Available
Technology

4.0

[Graphic 9]
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Steel scrap offers the possibility of a

circular economy

In Europe, optimising the collection, sorting and processing of scrap is becoming an increasingly important
issue in the development of the circular economy. As a result of the high standards required for steel products
and their functionality, the complexity of the composition of these is increasing. The combination of steel
with other materials, such as plastic (so-called composites) is growing in order to meet the requirements of
our industrialised society. This in turn brings new challenges in terms of pyrometallurgy at electric arc and
basic oxygen steelworks. The steel recycling industry must correspondingly deal with these challenges as a
service provider and secondary raw material supplier.

The process of separating end-of-life steel pro-
ducts is already subject to stringent quality re-
quirements. The available analysis and sorting
technology makes it possible to meet the deman-
ding specifications of the steelworks in respect
of the proportions of chromium, nickel, molyb-
denum, copper and a wide range of alloying ele-
ments contained in the scrap. An alloying element
may be desired in a particular product while the
presence of alloying elements in other steel pro-
ducts may, on the other hand, not exceed certain
threshold values.

Other than steel, there are actually very few raw
materials that can be recycled without any funda-

mental loss of quality. In some cases sheet steel from a
car body can be turned into a washing machine, which
then becomes raw material for structural steel — and
this may eventually end up again as the basis for car
body sheet. Or perhaps it will become steel for an off-
shore wind turbine. Such multiple recycling without any
loss of quality is not possible with other, non-metallic,
raw materials.

As products become more complex, the proportion of
undesired side elements in the steel scrap increases.
The industry-specific knowledge of the German steel
recycling industry is therefore essential for preventing
material shrinkage and quality deficits, because the
steel scrap industry is the first stage of the intelligent
management of these material flows.

The availability of steel scrap
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EEEEEN
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Long

useful life

Medium

useful life

Short

useful life

o Steel and stainless steel
scrap remain a permanent
source of raw materials for
society.

o Some 70% of the steel pro-
duced to-date is still in use.

o 555 million tonnes of steel
scrap were used in 2015 for
producing steel.

e 33.5% of global crude steel
was produced from se-
condary raw materials in
2015.

e Since the beginning of
steelmaking, more than 23
billion tonnes of steel scrap
have been recycled.

[Graphic 10]
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Steel scrap protects the climate and resources
Steel recycling is a prime example of resource efficiency

The steel recycling industry, together with the steel industry itself, embodies the principles of the circular
economy. They have actively been commercially and ecologically implementing these principles — which still
exist only as a vision in many sectors — for a long time. By providing secondary raw materials, the steel recy-
cling industry significantly contributes, not only in Germany, to environmental protection and the conserva-
tion of resources — is furthermore conserving primary resources at their source.

The volume of steel scrap used makes German steel
products more climate-friendly than steel produced
in China or India, for example. The proportion of steel
scrap used in Germany amounts to some 43 percent
while in China, where almost half of the

world’s crude steel is made, this figure

is only around ten percent. It’s not only

in the production of alloyed steels where “urban min-
ing” in Europe represents a significant source of raw
materials, thereby contributing to a reduction in the
amount of raw materials that need to be imported.
Steel recycling contrasts with raw material extraction
in conflict regions or from large-scale projects which

also affect the environmental and working condi-
tions of people. In terms of technology, economics,
ecology and society, steel scrap and stainless steel
scrap offer significant benefits — especially in direct

comparison with steel products that are

produced purely on the basis of primary

raw materials. Taking the overall balance
into consideration, manufacturing steel from scrap
is therefore more environmentally friendly than pro-
ducing steel from iron ore. Of course, this does not
recognise the fact that it has been possible to make
huge advances over recent years, especially in reducing
emissions caused by the blast furnace production route.

Five benefits of steel scrap

Benefit 1:

Through the production
of 12.6 m tonnes of cru-
de steel from a secondary
raw material, using steel
scrap via the electric arc
furnace route, the steel
recycling industry helps
to achieve savings of 17 m
tonnes of CO, emissions
annually* in Germany.

Propartion
29.6%

Blast furnace route Elecaric arc i plan

m tannes

1,744
tonnes CO.

*Calculated in comparison with the
assumed production of steel using a
method other than the electric arc
furnace process.

524m
tonnes CO,

[Graphic 11]

Benefit 2:
A significant saving in resources
120 kg steel scrap
300 kg limestone/additives

1,000 kg BOD kg coal

pig iron

1,000 kg

steel scrap
1,400 kg iron ore

in a blast furnace and
converter steel plant

in an electric

r I plan
arc steel plant [Graphic 12]

Benefit 3:

The use of steel scrap
reduces energy consump-
tion by 72% in compa-
rison with making steel
from primary resources.

Energy consumption during
steel production
72%

1,764

Stewl worap
(W)

I ore

[Graphic 13] {Wwh]

Benefit 4: 2015

No dependence
on imports as with
primary raw mate-
rials (e.g. iron ore,
coking coal)

Iran are Steel scrap

dim 41m 16 m
tanes pen tesfine

Export
surphus

Demand

Demand Impart

[Graphic 14]

3 m tonnes

Benefit 5:
Fewer negative effects caused by raw material extraction in
the countries where mines are located:

« No concerns about lower standards of occupational safety
¢« Usesless land

« Lower environmental risk

« No need for relocations

« Shorter transport distances

[Graphic 15]
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The steel recycling industry secures and creates
jobs at all qualification levels

German industry provides over 4 million so-called “steel-intensive” jobs. These include the steel industry
itself as well as the upstream and downstream sectors. The steel recycling industry, upstream of the steel
industry, provides approx. 37,000 jobs (in 2015). The close cooperation between the steel industry and the

upstream steel recycling sector is of great importance, in particular for the employment creation.

This commonality results in a situation
where the domestic steel recycling sector
not only secures jobs at all qualification
levels, but also remains focused on the
further qualification of technicians and
engineers. Only in this way can it can be
ensured that metallurgical know how
stays in Germany and is prevented from
shifting abroad. This represents a signifi-
cant competitive advantage for Germany.

Germany has also an excellent reputation
as a major world-wide exporter of steel
production plants as well as sorting and
recycling technology.

The existing stock of raw materials
and the efforts of the steel recy-
cling sector ensure the supply of
secondary raw materials for the
steelworks. This supports the sup-
plying and downstream processing
industries and also offers them a
wide range of competitive advan-
tages. Here, the predominantly
medium-sized structure of steel
recycling businesses promotes
regional value-added effects. In

The structure shows that the
market is functioning in the
area of secondary raw mate-
rials. This contrasts with the
primary raw material markets
which sometimes have oligo-
polistic characteristics, and is
a key benefit of secondary raw
materials.

Prof. Riidiger Deike, Dr. Ing.,

Chair of Iron and Steelmaking Metallur-
gy at the University of Duisburg-Essen

addition, this proven structure provides benefits
for a number of upstream and downstream service
providers to the steel recycling businesses, such as the
logistics, machinery and plant engineering sectors.

The importance of the steel industry to the economy

Some 4 million jobs
are steel-intensive.
A large proportion
of German ex-
port surplus is at-
tributable to steel-
intensive goods.

. Steel-intensive

Automotive
industry

Engineering

Electrical
engineering

Food industry

Chemical
industry

Core construction
industry

Steel and metal
processing

Manufacturing
industry overall
{incl. construction)
[Graphic 16]
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The German steel recycling industry employs approx. 37,000 people at all levels
of qualification.
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Outlook: Further closing of loops with steel scrap

Although crude steel production in Germany has remained at an almost cons-

tant level over recent years, the steel scrap market is subject to considerable

Scrap is the future, because we
are going to see closed cycles

fluctuations. Steel scrap is a global commodity which means that is also affected develop over the long term.
by external influences, making development forecasts fundamentally difficult. Good examples of this, and

The current overcapacity in the Chinese market has still a strong influence on

ones that are already appa-
rent today, include foundries,

the global raw material and steel markets. Today, the volume of steel scrap used electric arc steel plants (where
for producing crude steel in China is relatively small. However, this is expected there is only 5-10% deficit be-

to increase there over the medium term too, as old scrap from infrastructure

fore a completely closed cycle
is achieved) and metallurgical

projects and end-of-life products is fed back into steel production. In our own companies that recycle non-
economic interests, German know-how should be in pole position as the Chi- ferrous metals.
nese trading and processing structures undergo development. Prof. Riidiger Deike, Dr. Ing.,

While the metal content of the extracted
ores is exhibiting a decreasing trend, and
it can be safely assumed that the cost of
extraction and of the energy used will
consequently rise, scrap — as a secondary
raw material — will become increasingly
important from an economic perspec-
tive too. The electric arc furnace process,
which is currently the most important
steel producing process using steel scrap
as the secondary raw material, will main-
tain its dominating position alongside the
blast furnace route, and secure sales.

Principally as a result of the technical and
commercial ability to create closed loops
over the long term through the use of
steel scrap, the future now belongs to this
secondary raw material.

Old scrap supply by end-use sector

1200

Chair of Iron and Steelmaking Metallur-
gy at the University of Duisburg-Essen

The steel scrap industry needs to
address the following challenges and trends:

« Ensure the nationwide collection and processing
of scrap into pure grades

« Handling and processing of complex composite materials

o Ensure alloy-specific separation despite the increasing di-
versity of materials in the input flows in order to minimise
quality losses

« Digitalisation of the production processes in the steel recy-
cling industry

The opportunities are huge: As a key supplier of secondary raw
materials and service provider to the domestic steel industry,
the steel recycling industry represents a key business location
factor for the circular economy. Expanding existing know how in
the area of collecting and separating processes and leveraging
intelligent material flow management techniques — in order to
ensure the continued and reliable supply of quality assured sec-
ondary raw materials to the steel industry — will deliver a secure
foundation for a circular economy.

Technology competition in the binding climate target scenario
(3.5 AF scenario ) for Demand Stagnation in 2050
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i
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=
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>
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200 G .
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Methodology

The methodological approach to the study encompasses
an in-depth compilation of the technical, economic, eco-
logical and social characteristics of steel recycling on the
basis of a review of scientific literature and analysis.

Existing know how in the area of the raw materials and
steel industry, already in the institute’s archives, was in-
corporated into the results. Key questions were then de-
rived from the compiled data and facts on steel recycling.

During interviews with selected well-known experts from
industry and the scientific community, the role of the
steel recycling industry in the steel and stainless steel
manufacturing value chain was subsequently explored in

Sources

Picture credits
Front and rear covers: © Andreas Schwenter, Frimberger GmbH

greater detail and the future tasks of the sector derived.
The purpose of the interviews was primarily to fill know-
ledge gaps identified in existing literature, validate impre-
cise literature references and to substantiate the state-
ments made by the experts. In this manner, it has been
possible to ensure the well-founded documentation of
the technical, economic, ecological and social factors re-
lating to steel recycling. The statements made regarding
steel scrap are also generally applicable to stainless steel.

A steering group comprising members of the BDSV Execu-
tive Committee and the BDSV head office supported the
work of Fraunhofer UMSICHT on an advisory basis.
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