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6. Research and development

Research and development (R&D) is a core
element of voestalpine’s sustainable business
strategy. The Group’s R&D activities focuse on so-
lutions in the areas of energy efficiency, mobility,
cost reduction, and raw materials efficiency.

Innovations are necessary for a technology-driven
company such as voestalpine in order to develop
new products and production processes that will
enable it to differentiate itself from the competi-
tion and survive on the market long-term. Innova-
tions ensure the survival of our company.

By maintaining and expanding voestalpine's
technology leadership and utilizing synergy
opportunities and cost savings, R&D makes an
essential contribution to the sustainable suc-
cess of the company. R&D maintains open com-
munication both within the unit and vis-a-vis
internal and external customers. Customers,
suppliers, universities, cooperative research
facilities, and-for certain projects—even com-
petitors are integrated into the voestalpine
R&D network.

R&D activities contribute to sustainability by opti-
mizing or developing products and processes that
conserve resources. Cost savings can be achieved
by way of decreased use of primary energy and
raw materials or substituting residual or recycled
materials for raw materials and even going as far
as a zero waste process. Another focal point is re-
search activities aimed at increasing energy and
raw materials efficiency and an even greater de-
crease in emissions.

voestalpine views its ecological responsibility as
not being limited to production processes but as
a holistic approach as offered by the life cycle as-
sessment model, namely, of assessing the impact
of products over their entire life cycle-from raw
materials to production and, finally, recycling. By
developing new steel grades and improving exist-
ing ones on an ongoing basis, the voestalpine
Group is striving to achieve a sustainable increase
in energy efficiency and greater longevity of the
finished products.

Customer priorities with regard to R&D activities are
lightweight automobile construction, where further
development of materials enables substantially lo-
wer carbon emissions due to the significant reduc-
tion in weight; construction of rails and turnouts that
offer increased longevity and safety; and the energy
sector, where products developed by voestalpine im-
prove the effectiveness of conventional facilities and
contribute to the expansion of alternative energies.

The voestalpine Group currently has around 150
R&D cooperation projects in 21 countries. The
company works with 36 universities, 35 university
research facilities, ten competence centers, and
twelve Christian Doppler Laboratories.

Scientists profit from these partnerships as they
enable them to distinguish themselves in their
specialist areas, and voestalpine profits from
them as well, as expertise from fundamental
research is useful for industrial applications.
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6.1 Research expenses
in the voestalpine Group

In recent years, research expenses have been rising continuously; in the
business year 2012/13, they reached a record level of EUR 125.6 million.

voestalpine's expenditures for research and de-
velopment have remained at a very high level,
despite the difficult economic environment. De-
spite economic crises and cost-cutting programs,
expenditures for this key sector have risen on
average by 11 percent every year for the past

decade. According to EU statistics, voestalpine
not only spends more money on research and
development than any other Austrian company,
but it is among those high-leverage innovators
that have a higher-than-average innovative out-
put due to efficient use of resources and funds.

Gross R&D expenses (without R&D capital investments)

per business year, in millions of euros

61.5 66.0 93.0 112.0

140
120 }
100

80

60

40

20

108.8 109.0 116.7 125.6

—

2005/06 2006/07 2007/08 2008/09

2009/10 2010/11 2011/12 2012/13



6.2 Organization
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voestalpine R&D activities are decentralized and are located close to

production sites.

65% of all Group companies have their own re-
search and development departments. At the
Group level, the persons responsible for R&D
within the individual divisions are networked by
way of a Research Committee and the “Synergy
Platforms,” Group-wide researcher meetings that
take place on a regular basis. Communication
with the Management Board is conducted through
the Research Board that meets twice a year.

voestalpine AG

voestalpine participates in various consortia in
order to find solutions to various issues involv-
ing process and product development. It is
represented in all steel-related professional as-
sociations and bodies both in Europe (e.g., EU-
ROFER, German Steel Institute — VDEh) and
worldwide (e.g., World Steel Association).
As an active member of ESTEP (European Steel
Technology Platform), voestalpine is a participant
in all of its working groups in order to play a role
in the environmentally-friendly and sustainable
development of steel production. Within the scope
of its membership in EUROFER, voestalpine is
working on the issue of energy efficiency.

Research Committee

Research Board

R

Research Coordination

a4
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6.3 Resource-conserving and
environmentally-friendly processes

and facilities

voestalpine has actively assumed its responsibility as a Group that operates

worldwide and is driving forward research for production processes that
both conserve resources and are environmentally-friendly. Improved

efficiency of production facilities makes a significant contribution to the

sustainable utilization of raw materials, energy, and other resources.

Reducing agents in the blast furnace process

In the last ten years, the blast furnace process at
both Austrian sites (Linz and Donawitz) under-
went significant further development. By expand-
ing the injection technology, up to seven alter-
native reducing agents can now be used in the
blast furnace; this represents a global benchmark.
Valuable primary resources, such as coking coal
and oil are conserved and replaced by secondary
raw materials, such as, crude tar, coke gas, or used
plastic.

The blast furnace process offers substantial po-
tential with regard to conservation of primary raw
materials on one hand and, on the other, in the
recycling of used materials, as is demonstrated by
the utilization of shredded used plastic. Besides,
the diverse mix of input materials enables us to
react flexibly to the fluctuating availability of in-
put materials and to changing statutory provisions
with regard to utilization of scrap material recy-
cling and CO, emissions.

Replacement of the alloy ferromolybdenum
A process developed in the steel mill in Udde-
holms, Sweden, provides a contribution to resource

conservation and cost optimization. Instead of the
commonly used alloy ferromolybdenum, molyb-
denum trioxide and mill scale, which occurs in
the plant as waste material, are used to retain the
desired characteristics of steel. Molybdenum tri-
oxide is an upstream product in the manufacture
of ferromolybdenum.

Uddeholms has developed a completely new pro-
cess in which one step in the production of mo-
lybdenum can be omitted. This newly developed
process protects the environment along the entire
production chain through energy and raw mate-
rials savings and is also economically attractive.

upcop - upgrading coal and powder injection

In the Group's upcop project, a special sifting pro-
cess has been developed for inferior-quality coal.
This process extracts good-quality coal, which is
used in the coking plant in Linz. The sifted portion
of the coal has been used as injection coal in the
blast furnace in Donawitz; from the end of 2014
on, it will also be used in the blast furnace in Linz.
This process makes a significant contribution to
the efficient use of raw materials, as it enables
inferior-quality coal to be utilized completely.



ULCOS: Ultra-low carbon dioxide steelmaking
The objective of ULCOS is to significantly lower
the CO, emissions generated during the produc-
tion of steel compared to the most effective tech-
nologies available today. New processes are being
developed to this end, however, they will only
reach industrial maturity in the future. 48 compa-
nies and organizations from 15 European coun-
tries, including voestalpine and other leading EU
steel companies have formed a consortium.

(www.ulcos.orq)

Production of iron oxide

Each year, approximately 90,000m® of pickling
products accumulate from the hydrochloric acid
pickling processes conducted by voestalpine
Stahl GmbH. Two regeneration plants that employ
spray roasting technology recycle more than 99%
of the hydrochloric acid; iron oxide is generated as
a by-product of this operation. The regeneration
process was enhanced to the point that over 85%
of the iron oxide is of high purity-a form suitable
for the production of ferrites, which are used in the
electronics industry. Any regenerated hydrochlo-
ric acid is returned to the pickling process.

With annual production of approximately 18,000 tons,
voestalpine Stahl GmbH is Europe’s largest
manufacturer of high purity iron oxide.
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Recovery of metals from slag

Growing environmental awareness and the rising
cost of metal make the efficient recovery of metals
from slag both important and prudent. In collabo-
ration with institutes at the Leoben University of
Mining and Metallurgy, voestalpine is pursuing
the development and optimization of processes
for the recycling of metalliferous by-products. By-
products containing significant quantities of val-
uable metals, such as zinc, lead, and copper, are
especially promising.

Chrome (VI)-free pretreatment of steel strip

By the year 2000, voestalpine was already shift-
ing to chrome-free production processes for coil-
coated plates; since 2005, the surface treatment of
hot-dip galvanized plate is also chrome (VI)-free.

voestalpine is the first steel manufacturer in the
world whose entire product portfolio is free of
coatings containing chrome-(VI) and whose
production completely dispenses with a range of
problematic materials.
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6.4 Materials development
and product innovations

The R&D departments of all divisions continue
to advance the development of steel, design new
materials such as hybrids, and create components
that guarantee durability, lightweight structure,

minimal use of materials, and increased safety.
Lightweight construction, safety, and comfort play
a major role for the user of the end product.

6.4.1 Automotive applications

One focus of voestalpine's company strategy is the
development of innovative products for automo-
tive engineering. The trend here is toward light-
weight construction, in order to reduce vehicle
fuel consumption and CO, emissions. At the same
time, improved safety is absolutely required. More
complex components necessitate new materials
and processing methods. In response to these re-
quirements, voestalpine is engineering ultra-high
tensile steels and safety-related components, such
as seamless tubes for seat belt tighteners, rotation-
ally-formed containers for airbags, and powerful
guardrail systems, which keep trucks from falling
off bridges in case of accidents.

Future Steel Vehicle project

Since its inception, voestalpine has devoted itself
to the "Future Steel Vehicle" project, initiated in
2008 as part of WorldAutoSteel. Working in col-
laboration, 17 steel producers aim to demonstrate
the potential for lightweight construction inherent
in contemporary steel materials. The group is also
addressing the effect of new drive concepts on
structural design options. In this project, they have
already been able to prove that, through the op-
timal use of modern steel grades and processing
technologies, automotive designers can lower the
weight of an auto body by 35%-which leads to
substantial CO, savings.

AHSS HD steel

(Advanced High Strength Steels / High Ductility)
The recently developed multiphase steels for the
next generation of auto bodies (AHSS/HD steel)

enable automotive engineers to achieve up to 60%
better forming properties. This results in a consid-
erable leap in stability in cold forming processes
and ultimately, a higher level of safety. The higher
strength AHSS HD steels, as well as phs-ultraform
(see below), are intended for use in the strength-
related zones of doors and hatches as well as the
visible exterior skin components (e.g., side walls).

phs-ultraform (press hardening steel)
phs-ultraform is a hot-dip galvanized auto body
steel developed by voestalpine. On top of the light-
weight design, phs-ultraform components feature
an array of advantages, such as the highest tensile
strength (up to 1,800 megapascals), cathode cor-
rosion protection, and the ability to manufacture
“tailored property parts”-blanks with the wid-
est range of combinations in tensile strength and
thickness. phs-ultraform contributes significantly
to lightweight construction, and it also has great
relevance to applications in electromobility.

The first series of tests took place as early as
2003; by 2008, the voestalpine development team
had achieved the breakthrough, and the first or-
ders from the automotive industry started to ar-
rive. There are 21 patent families to safeguard
voestalpine's unique expertise in the manufacture
of this innovative material. phs-ultraform made its
debut in front of a wider public audience at the
2012 Geneva Motor Show.

Steel-aluminum hybrid blanks

Lightweight construction is accomplished by
composite (hybrid) construction methods, among
others. voestalpine succeeded in developing a



steel-aluminum compound, as well as corrosion
protection adapted to these various materials. This
achievement now enables voestalpine to produce
steel-aluminum hybrid blanks.

Electrical steel strip

Electrical steel strip is a functional material that
is used for constructing magnet cores in electric
motors, among other uses. Essential product fea-
tures include the best possible electromagnetic
properties and superior punchability. By contin-
ually enhancing steel quality, voestalpine aims
to increase the efficiency of the motor by further
reducing magnetization losses—which manifest in
the undesirable form of heat within the magnet
core. The insulating varnishes used in the produc-
tion of electric steel strip packages are completely
free of toxic ingredients and comply with all re-
levant environmental guidelines—thanks to steady
development efforts in collaboration with the
paint producers.

Zinc-magnesium coating of steel strip

and sections

The corrosion resistance of zinc surfaces marked-
ly improves by the addition of magnesium by al-
loying. This also makes it possible to reduce the
thickness of the coating, without compromising its
protective effect: in other words, the use of materi-
als is reduced. voestalpine is working on a further
enhancement to this coating—which is already
commonplace in the construction industry—so that
it can be used in automobiles.

6.4.2 Rails and turnouts applications

voestalpine's development efforts in the rails and
turnouts sectors aim at achieving top passenger
comfort with the highest degree of railway safety.
It starts with developing rail materials that elevate
wear resistance and fracture resistance. So in addition
to head-hardened high-speed rails, voestalpine

6. Research and development

also developed the DOBAIN high-speed rail,
which is manufactured from special heat-treated,
high-performance steel that features a unique mi-
croscopic structure (“bainitic framework"”). These
efforts will ultimately result in a longer lifespan for
the rails—as well as lower maintenance costs—and
thereby improve track safety on the whole.

Several of voestalpine's developments ensure
shorter maintenance times, fewer malfunction-
related shutdowns, and as a result, greater avail-
ability and safety in rail transport: thanks to its
design, the low-maintenance Spherolock turnout
locking device works quite reliably, requires mi-
nimal inspection, and can be installed swiftly and
easily. Ready-to-install turnouts are used both in
railway and tram/light rail construction, and the
improved measurement and inspection equip-
ment in the turnouts and on the rails are equally
reliable, even at the highest speeds.

Lightweight construction in rail transport

In the summer of 2011, voestalpine started “Inno-
vative Market Entry into the Freight Car Market,"
a project that involves a collaboration of the Steel
Division, the Metal Engineering Division, and
the Metal Forming Division. The objective was to
build and test the prototype of a scrap container
rail car, made of high tensile-strength steel, that
could achieve a higher load capacity due to the
weight reduction, and thereby lower costs and
CO, emissions.

Upon building a prototype of the “lightweight
scrap container rail car,” the team had succeeded
in lowering the weight of the rail car by 3,000
kilograms. The load capacity of the rail car can
be raised by precisely this amount, thus making
transporation of goods significantly more efficient.
From the pre-materials to the welding seams, all
of the prototype’s materials and components come
from the voestalpine Group.
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6.4.3 Energy production applications

Steel is playing an integral role in the implemen-
tation of the energy transition from fossil fuels to
renewable sources of energy. The use of steel is just
as integral to the towers of wind turbine systems
as it is to the supporting elements for photovoltaic
systems or solar power plants. In geothermal pow-
er plants and conventional hydroelectric systems,
steel is also indispensable. Furthermore, by con-
tinuing its materials development, voestalpine is
making a contribution to the energy transition, as
it increases the degree of efficiency of conventional
power plants, such as steam power plants.

Wind energy

A series of new developments for wind power is
being advanced in “voestalpine Future Markets,"
the cross-divisional project for identifying and em-
ploying innovative technologies along the Group's
entire value creation chain. In cooperation with
renowned external partners and research insti-
tutions, voestalpine engineered the prototype of
a low-maintenance lattice tower for wind power
plants.

The use of new types of joining methods and the
application of innovative special sections should
reduce the high volume of maintenance require-
ments that previously put lattice towers at a
disadvantage when compared to other building
methods. The new construction kit concept is pro-
viding remarkable benefits in transportation and
logistics, as well as considerable reductions in ma-
terials, extreme lightness, improved stability, and
an altogether significant increase in the degree of
efficiency.

Photovoltaics

Following intensive development efforts and the
successful completion of the test phase, voestalpine
Polynorm launched the iFIX photovoltaic system
for flat roofs in the solar market in 2012. The sys-
tem stands out for its innovative construction-and
for having the lowest installation cost on the con-
struction site.

50plus power plant

The efficiency of steam power plants can be great-
ly increased by raising the operating temperature
and the pressure: a rise of 10%—for example, from
42% to 52%—for a 750 MW power plant leads to
a reduction of its CO, emissions by 700,000 tons/
year; this corresponds to the output from 350,000
diesel-powered, mid-sized cars driving 15,000 km/
year.

New, improved materials and components that
can tolerate the higher loads are essential to rais-
ing the plants’ degree of efficiency. As part of the
Group project “Power Plant 50plus,” voestalpine
has been working with the Graz University of
Technology on related developments since the fall
of 2010. For example, hot-dip galvanized high-
tensile steels as well as nickel-based alloys were
developed for use at temperatures above 700°C.
(By comparison: today, the most modern systems
operate at around 600°C).

Eight companies from three divisions are working
on optimizing turbine housing, generator shafts,
pipe conduits, and turbine shafts. voestalpine is
already capable of manufacturing this high-tem-
perature steel with assured process reliability. The
material has already passed the welding process
test. 600 MW generator and low-pressure shafts
are currently in production.
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6.5 Prizes and awards received

2013 Regional Award “Upper Austrian
Female Researchers Award 2013" goes
to an employee of voestalpine Stahl
GmbH.

2012 Stanley Black & Decker bestows the
Quality Award on BOHLER-UDDEHOLM
Precision Strip for innovation and
production, technical performance, and
reliability.

2012 voestalpine VAE receives the Middle
East Rail Award in the category
“Most Innovative Use of Technology."

2012 Innovation award of the region East
Wiirttemberg for voestalpine Polynorm
in Schwabisch-Gmiind, Germany.

2011 Airbus presents Bohler Schmiedetechnik
with the Gold Award as “Best Improver.”

20M Bohler Edelstahl receives the “Golden K"
business award for especially innovative
companies in the Kapfenberg area.

20M The EU Scoreboard “Industrial R&D
Investment” ranks voestalpine as the
top Austrian company in research.

20M The Middle East Rail Awards honor
voestalpine VAE as "“Best Service
Provider of the Rail Industry 2011."

2011 Two voestalpine employees receive the
"Hans Malzacher Award" for outstand-
ing achievement by young engineers dijeenngftechinology) secoltel
in the field of metallurgical engineering.
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