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Welcome from the Chairman

Achieving the long-term economic, social and
environmental sustainability of the stainless steel
industry is one of the key goals for the Interna onal
Stainless Steel Forum (ISSF) and our member
companies.
One way of achieving this is by sharing best prac ces
from across the industry so that we can all learn, and
take meaningful ac ons that improve our sustainability
performance. To facilitate this process, ISSF has
launched the inaugural Sustainability Award which will
be presented to a member company during ISSF-15 in
Madrid during May 2011.
This booklet contains the seventeen case studies that
have been submi ed for the Award. The examples
come from eleven member companies who have
opera ons around the world. All of the case studies are
deserving of the award and I would like to thank each
of the members who have entered.

workplace demonstrate the resolve of members to
ensure a safe working environment for our employees,
vital to ensure the social sustainability of the industry.
Investments in new processes and procedures add
value to our businesses, ensuring their long-term
economic sustainability.
We hope that many businesses, both inside and
outside the stainless steel value chain, will find
inspira on in the examples featured in this booklet.
They aptly demonstrate the innova ve thinking that is
required to ensure the sustainability of our world for
future genera ons.
David Mar n
Chairman, ISSF Health and Environment Commi ee

The case studies cover all aspects of sustainability.
Eﬀorts to reduce greenhouse gases and improve
the use of by-products show our commitment to
the environment. Ac ons to improve safety in the
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Secretary General’s Message

The stainless steel industry produces one of the most
sustainable products known to mankind. Durability is
a hallmark of stainless steel and, at the end of its long
life, a stainless product can be recycled without losing
its proper es.
Stainless oﬀers sustainable solu ons in many diﬀerent
markets and applica ons. When in use, stainless
steel applica ons are hard-wearing and need li le
maintenance, making them cost-eﬀec ve solu ons. At
the end of life, they are easily collected and recycled to
produce stainless steel again.
Stainless steel products are also hygienic and neutral
to people, a fact that sees them widely used in medical
applica ons.

This brochure presents just some of the ac ons that
the world’s stainless industry is taking to improve our
environmental, social and economic performance. By
taking these ac ons, and finding new ways to improve
our sustainability, we will ensure the stainless industry
lasts at least as long as our products!
When it comes to sustainability, stainless steel is not
the problem…, but it is part of the solu on.
Pascal Payet-Gaspard
ISSF Secretary General

Sustainability has been recognised by the stainless steel
industry as one of its major challenges for the future.
Progress has been made on reducing the industry’s
carbon footprint. An increase in the rate of recycling
and process improvements across the stainless supply
chain are just some of the ac ons that have been taken.
However, it is clear that more needs to be done.
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What Makes Stainless Steel
a Sustainable Material?

Before we can determine whether stainless steel is a
sustainable material, we should first define what we
mean by sustainability in rela on to what is known as
the triple bo om line: People, Planet and Profit.

People
The material, in its use or in its produc on process,
respects the human being, especially in terms of health
and safety. A sustainable material does not harm
the people working to produce it, or the people who
handle it during its use, recycling and ul mate disposal.
Stainless steel is not harmful to people during either its
produc on or use. A protec ve layer forms naturally
on all stainless steels because of the inclusion of
chromium. The passive layer protects the steel from
corrosion – ensuring a long life. As long as the correct
grade of stainless is selected for an applica on, the
steel remains inert and harmless to the people who
handle it and the environment.
These characteris cs have made stainless steel
the primary material in medical, food processing,
household and catering applica ons.

ISSF Sustainability Award 2011: Case Studies

Planet
The emission footprints of the material, especially
those related to carbon, water and air, are minimised.
Reuse and recyclability are at high levels. The material
has low maintenance costs and a long life, both key
indicators that the impact of the material on the planet
is at the lowest levels possible.
The electric arc furnace (EAF), the main process used
to make stainless steels, is extremely eﬃcient. An EAF
has a low impact on the environment in terms of both
CO2 and other emissions. The EAF is also extremely
eﬃcient at processing scrap stainless, ensuring that
new stainless steel has an average recycled content of
more than 60%.
Stainless steels are easily recycled to produce more
stainless steels and this process can be carried on
indefinitely. It is es mated that about 80% of stainless
steels are recycled at the end of their life. As stainless
steel has a high intrinsic value, it is collected and
recycled without any economic incen ves from the
public purse.
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Profit
The industries producing the material show long-term
sustainability and growth, provide excellent reliability
and quality for their customers, and ensure a solid and
reliable supply-chain to the end consumer.
Choosing stainless steel for an applica on ensures
that it will have low maintenance costs, a long life and
be easy to recycle at the end of that life. This makes
stainless an economical choice in consumer durables
(such as refrigerators and washing machines) and in
capital goods applica ons (such as transporta on,
chemical and process applica ons).
Stainless steels also have be er mechanical proper es
than most metals. Its fire and corrosion resistance
make stainless a good choice in transporta on, building
or public works such as railways, subways, tunnels
and bridges. These proper es, together with stainless
steels’ mechanical behaviour, are of prime importance
in these applica ons to ensure human beings are
protected and maintenance costs are kept low.
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Stainless also has an aesthe cally pleasing appearance,
making it the material of choice in demanding
architectural and design projects.
Taking into account its recyclability, reuse, long life,
low maintenance and product safety, the emissions
from the produc on and use of stainless steels are
minimal when compared to any other alterna ve
material. A detailed and precise analysis of the
sustainability of stainless steel makes the choice of
stainless a logical one. This might explain why, as
society and governments are becoming more conscious
of environmental and economic factors, the growth in
the use of stainless steel has been the highest of any
material in the world.
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Summary of Case Studies
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Safety

New Processes
and Products

Material Eﬃciency

Greenhouse Gas
Emissions

Case Study
Safety and Environment Awards
Improving the Placement of Refractory Bricks
Charcoal: an Intelligent Solu on to Reduce CO2 Emissions
Transforming Residues into By-products
Water Recycling
Resource Conserva on and Pollu on Control
Fully Integrated Site Design
Using a Rotary Hearth Furnace to Recover Valuable Metals
Opencell™ Sandwich Panel Structure
Reducing Waste to Landfill
Long-term Energy Eﬃciency and CO2 Improvements
Assessing the Long-term Eﬀects of Exposure to Metals
Recycling AOD-slag
Crea ng FeNi Pellets from Industrial Waste
New Stainless Steel Boiler Tubes for USC Power Genera on
Improving Corporate Safety Culture
Improving Energy Eﬃciency and Reducing Greenhouse Gases

EMS

The following table summarises the entries that were
received. Note that EMS stands for Environmental
Management Systems.

Energy Intensity

Company
01 Acerinox
02
03 Aperam
04
05 Columbus
06 JSL
07 NMI
08 NSSC
09 Outokumpu
10
11
12
13 POSCO
14
15 Sumitomo
16 TK Nirosta
17 YUSCO

Members were asked to select a category that
best described their entry. In many cases, mul ple
categories were selected.

Employee Training

All ISSF member companies were invited to submit
entries for the inaugural Sustainability Award.
Seventeen entries were received in total from eleven
companies. These members operate stainless steel
plants in Africa, Asia, Europe, and South America.

Page 8

01

Acerinox S.A.

Safety and Environment Awards

Employee Training

Challenge
Acerinox wanted to involve every worker in safety and
environmental issues.
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Action
The crea on of the Safety and Environment Awards
by Acerinox was the perfect way to involve employees
in the ac on. Every employee had the opportunity
to present an idea that would improve the safety
or environmental condi ons at the site. Each award
winner receives a financial prize.
Three prizes are awarded for safety and another three
for environmental improvement ideas. A commi ee
evaluates the proposals and selects the winners.

Outcome
Acerinox has received a posi ve reac on from staﬀ,
and each year many proposals are submi ed for the
Safety and Environment Awards. Some of the ideas
presented have already been implemented and are
bringing benefits for Acerinox, and our safety and
environmental performance.

ISSF Sustainability Award 2011: Case Studies

Page 10

02

Acerinox S.A.

Improving the Placement
of Refractory Bricks
Employee Training

Safety

Challenge
A er analysing accident sta s cal reports, Acerinox’s
Accident Preven on Service detected a high number of
lost me injuries caused by musculoskeletal injuries in
the Refractory sec on. The Preven on Service decided
to analyse the sec on’s work condi ons, par cularly
during the placement of refractory bricks in ladles and
argon oxygen decarburisa on (AOD) converters.
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Action
Technical Safety staﬀ carried out an ergonomic study of
the placement of refractory bricks.
The study looked in detail at the placement process
including the type of bricks, weight, and work posture
and movements required to do the work. They
then evaluated the manual handling and ergonomic
condi ons of the work.
The evalua on of work condi ons u lised the
specifica ons in the Na onal Work Hygiene and Safety
Ins tute’s (INSHT) technical guide.

Outcome
The study concluded that the following correc ve
measures should be implemented:
•

Installa on of new equipment to place the
bricks.

•

Acquisi on of new work tables so bricks can be
placed at diﬀerent heights.

•

Delivery of a specific Manual Handling training
course to staﬀ.

The implementa on of these ac ons has resulted in
a considerable decrease in the number of lost me
injuries in the Refractory sec on.
An inves ga ve project has also been started to
iden fy if a robot could be designed to place the bricks.
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03

Aperam

Charcoal:
an Intelligent Solution to Reduce
CO2 Emissions in the Steel Industry
Greenhouse Gas Emissions

Challenge
In 2010, global steel produc on reached 1.4 billion
tonnes. This means that the steel industry emi ed
around two billion tonnes of CO2 during the year.
Minimising CO2 emissions in steel produc on is
essen al to enable mankind to move towards a more
sustainable future.
Ironmaking, using blast furnace technology, accounts for
more than 90% of the CO2 emissions in steel produc on.
However, u lising charcoal as a thermal reducing
agent in the blast furnace can substan ally reduce CO2
emissions, even considering the CO2 emi ed during the

life cycle of the charcoal – from the tree growing in a
forest through to charcoal consump on.
The challenge for Aperam was to convert Blast
Furnace 2 (BF2) at our Timóteo (Brazil) plant from coke
to charcoal. Among other benefits, our goal was reduce
CO2 emissions by around 700,000 tonnes per year.
Once Aperam begins to produce pig iron in BF2
using charcoal, the company will have established
a much more sustainable steel produc on route
which is environmentally responsible, socially fair and
economically feasible: the Green Route.

Part of the benefit of using charcoal is not covered by the
rules of the Kyoto Protocol. Benefits not covered include:
•

A reduc on in methane emissions at
carbonisa on of around 200 Kt CO2/year)

•

A reduc on in CO2 emissions at BF2 of
500 Kt CO2/year).

Theore cal CO2 and O2 Balance in Pig Iron Produc on
ISSF Sustainability Award 2011: Case Studies
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Action
The following ac ons were taken to convert BF2 at
Timóteo to use charcoal:
•

Improve the technology to enable charcoal to be
u lised in a blast furnace.

•

Develop the charcoal produc on process,
ensuring all stages of the process are sustainable
according to the following criteria:
1. Ensure each process is environmentally
and socially correct, as recognised by an
interna onal en ty.
2. Ensure our charcoal could be produced
so that it is price compe ve with coke
at any level. This required an increase in
produc vity and a reduc on of produc on
costs from plan ng to carbonisa on.
3. Be ready to meet all the charcoal
consump on demanded by BF2.

Outcome
The use of charcoal in our blast furnaces has reached
a benchmark for this type of process. Developments
made in the past ten years lead us to expect impressive
reduc ons in greenhouse gas emissions through the
use of charcoal in Blast Furnace 2. The reduc on of
emissions during produc on is expected to reach 10%,
while consump on of carbon is expected to drop 5%.
Over the last 30 years, Aperam has developed several
gene cally modified eucalyptus clones and technology
to manage a eucalyptus forest. Today, Aperam has
one of the most important inventories of eucalyptus
gene c material in Brazil. The species developed by
Aperam have high produc vity, resist disease well
and have good drying resistance. This has contributed
greatly to advances in forest produc vity and wood
quality.
Soil prepara on is accomplished without the use of
forest burning, a prac ce which is very harmful to the
forest ecosystem. Intensive mechaniza on of processes
such as soil prepara on, plan ng, forest harvest and
wood prepara on has been achieved.
New kiln technology (RAC 700) has been developed
and is considered a breakthrough in carbonisa on
technology. Using kilns with 700 m3 wood and gas
ISSF Sustainability Award 2011: Case Studies

burning capacity enables produc vity to be improved
and eliminates CH4 emissions in the process.
Several ac ons have been taken to ensure Aperam
contributes to the integrated and sustainable
development of the communi es where our charcoal
opera ons are located. Important social programmes
have been developed by the Aperam Acesita
Founda on in partnership with local ins tu ons. These
programmes cover educa on, health and life quality for
the popula on.
Part of the forest area has been set aside as a
permanent ecological reserve. In 2007 the company
was cer fied by Forest Stewardship Council (FSC).
In order to supply all of the charcoal needed for
BF2, Aperam started to plant new eucalyptus forest,
aiming to produce an addi onal 300,000 tonnes of
charcoal per year. In 2009, the Board authorised the
investments required to convert BF2 to charcoal and
the construc on of the carbonisa on kilns.
BF2 is scheduled to begin opera ng with charcoal from
the second quarter of 2011.
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04

Aperam

Transforming Residues
into By-products
Material Eﬃciency

Challenge
Aperam’s produc on lines generate an average of
740 kg of waste is generated for each tonne of crude
steel produced. The management of this waste is vital
for Aperam to meet its environmental commitment,
and to remain compe ve. This requires good waste
administra on, from genera on, to handling and
recycling and ul mately, final disposal.
The first ac on taken was to reduce the environmental
impact of the waste generated across the whole
process to enhance recycling in order to improve
physical yields.
In line with Aperam’s Sustainability Guidelines, a study
into economical and sustainable alterna ve uses for
waste has been ini ated. Prior to 2008, only 79% of the
waste generated was commercialised or reused in the
produc on flow. The remaining 21% – or 159 kg of waste
per tonne of crude steel – was stored in a waste yard.

•

Saturated acids (hydrochloric and sulphuric)
generated in the cold rolling mill.

These by-products were selected as they represented
more than 50% of the total waste held in the yard.
Applica ons also existed for BF wastes in Brazil.
For saturated acids, the aim was to find new waste
treatment solu ons that avoided the tradi onal
process of neutralisa on which generates sludge. The
challenge was to iden fy or develop a market that was
able to absorb these by-products. The waste needed to
meet specific environmental legisla on and be handled
within a well structured internal logis cs unit.

Following a full analysis, a number of wastes were
selected for further study. These included:
•

Blast furnace waste such as sludge, dust from the
collector, and waste generated by the Pulverised
Charcoal Injec on Unit.

ISSF Sustainability Award 2011: Case Studies
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Action
A number of applica ons in the ceramics industry have
already been developed for dust and sludge origina ng
from blast furnaces. During the economic crisis of
2008 and 2009, Aperam began to contact poten al
customers for this waste.
Industrial tests were carried out to ensure that it was
technically feasible for these companies to u lise
the waste. Aperam also provided support to enable
customers to obtain the required environmental license
to receive and use these by-products. Internally, ac ons
were taken to guarantee supply to customers.
In the case of waste from the Pulverised Charcoal
Injec on unit, an agreement was made with the
pulverised-charcoal supplier to reduce the amount
of sand used during the grinding process. For the
remaining sand, an applica on in the cement industry
was developed.
Feasibility studies into the usage of sulphuric and
hydrochloric acids generated in the cold rolling mill
was ini ated in 2007. The use of hydrochloric acid to
produce ferric chloride for water treatment and the use
of saturated sulphuric acid in agricultural applica ons
were explored. Both studies were successful.
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Evolu on of waste to landfill per tonne of steel produced

Outcome
Waste disposal in Aperam’s internal yard has been
reduced from 159 kg/tonne of crude steel produced
in 2008, to 76 kg/tonne in 2010. This level has been
maintained following the ramp-up in produc on that
occurred once the global economic crisis eased.
Globally waste has been reduced by 109,000 tonnes
over the past two years, enabling Aperam to extend
the the life of its landfill sites and genera ng income
from the sale of wastes.. This has led to a decrease in
the amount of raw materials Aperam, and our partner
companies, need to purchase.
This ac on is fully aligned to the values of Aperam and
its goal to be a sustainable company.
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05

Columbus Stainless (Pty) Ltd

Water Recycling

Material Eﬃciency

Challenge
South Africa is an arid country where water is a scarce
resource. To ensure our long term sustainability, it is
vital to ensure that the manufacturing industry in the
country u lises this resource as op mally as possible.
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Action
Columbus has undertaken to ac vely manage water at
our plant and to run it as a zero-eﬄuent site. This has
meant recycling water and eﬄuent as far as possible.
All weak eﬄuents and storm water runoﬀ are now
treated in reverse osmosis plants. The brine from this
treatment is added to the strong eﬄuent system, while
the recovered water is returned to the steelmaking
system as make-up water.
In the strong eﬄuent system, the waste ma er is first
neutralised and then put through an evaporator to
recover water. Again, recovered water is returned to
the steelmaking process as make-up water.
The brine from the evaporator is further concentrated
in a crystallisa on process where addi onal water is
extracted. The salts are also recovered and sold.

Outcome
Around one million cubic metres of water is consumed
in our plant each year. Thanks to the recovery system,
only 12% of this comes from raw water added to
the system. Over 8,000 tonnes of calcium nitrate is
produced for sale.
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06

JSL Limited

Resource Conservation
and Pollution Control
Energy Intensity

EMS

Material Eﬃciency

Challenge
JSL has implemented a number of resource conserva on
and pollu on control ini a ves in order to:
•

Ensure eﬃcient u lisa on and conserva on
of thermal and electrical energy at our cap ve
power plant.

•

Achieve excellence in energy conservation
and management.

•

Implement more energy eﬃciency projects at our
coke oven and at the power and ferroalloy plants.

•

Improve by-product recycling at our coke oven
and at the power and ferroalloy plants.
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•

Reduce waste by adopting suitable ecofriendly processes.

•

Adopt eﬀec ve waste disposal methods using
the 4R approach.

•

Develop a fully fledged environmental
monitoring and management cell.

•

Spread the message of environmental awareness
to all levels of personnel at JSL and to create a
strong team network.

•

Implement clean development mechanisms and
minimise greenhouse gas emissions in every part
of the plant.

Page 19

Action
JSL has taken the following ac ons:
•

Energy consump on in the electrosta c
precipitator (ESP) has been reduced while the
charge ra o has been increased.

•

By changing the angle of the blades in the
cooling tower fan, motor loads have been
op mised and the number of hours the fan is in
use has been reduced.

•

Energy savings were achieved through op mum
u lisa on of the transformer.

•

All fly ash generated in the Cap ve Thermal
Power Plant is being used to reclaim a lowlying quarry just outside the plant. The work is
being carried out in an environmentally friendly
and sustainable way. Permission for the work
was obtained from local statutory authori es
such as the Pollu on Control Board and District
Administra on.

•

•

JSL has established a Centre for Environmental
Excellence and state-of-the-art Environmental
Laboratory to help us achieve global
benchmarks.

•

JSL conducts frequent environmental audits,
monitoring and analysis to maintain, check and
review our performance.

•

The eﬃciency of our gas cleaning plants was
increased through audits and the replacement of
bags.

•

A plan to create a green belt through the plant
and around the periphery has been developed
and implemented.

•

We have implemented a comprehensive
By-product (Waste) Management Plan for
proper segrega on, collec on, u lisa on and
environmentally friendly disposal of all types of
by-products and wastes.

Fly ash is also u lised in the brick and cement
industries.

Outcome
The ac ons we have taken have resulted in:
•

A reduc on in energy consump on in the
cooling tower.

•

Complete u lisa on of all fly ash since the plant
was commissioned in 2006.

•

Zero eﬄuent being discharged from the plant.

•

Wide acclaim for our Centre for Environmental
Excellence and its state-of-the-art technical
competencies.

•

Many pres gious na onal and state awards for
environmental and safety excellence.

•

An enhanced corporate image through our
environmentally friendly opera ons has
increased goodwill, confidence, and harmony
with our local community.

We con nue to work towards achieving zero emissions
and zero wastes.
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07

Nippon Metal Industry Co., Ltd.

Fully Integrated Site Design

Energy Intensity

EMS

Greenhouse Gas Emissions Material Eﬃciency

New Processes & Products

Challenge
Stainless steel has excellent durability and is
completely recyclable. It can truly be regarded as an
Earth-friendly metal.
The process of manufacturing stainless steel makes
use of energy in the form of fuels and electricity. It also
creates exhaust gases and by-products. Therefore, the
stainless industry must make great eﬀorts to reduce its
impact on the environment.
By saving energy, reducing by-products, and recycling
resources, we can ac vely promote the stainless steel
industry as one that contributes to the establishment
of a society that is in harmony with its environment

ISSF Sustainability Award 2011: Case Studies
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Action
Nippon Metal Industries undertook a project to gather
its hot and cold rolling and mel ng facili es on one
site. The processing and tube shops of our partners
were also included on the site to establish a fully
integrated stainless steel produc on facility including
both upstream and downstream processes.
To ensure the site operates with a high level of
sustainability and eﬃciency, the following ac ons have
been taken:
•

An automa c guided vehicle (AGV) system has
been installed to move products between the
hot and cold rolling shops and the mel ng shop.

•

The site has been converted to use liquid natural
gas (LNG)

•

The capacity of the shipping berth at the site has
been expanded in an eﬀort to promote direct
export from the plant, thereby reducing road
transport needs.

•

A smel ng reduc on furnace has been installed
to reduce waste and improve the recycling of
scrap metal produced onsite.

Outcome
The fully integrated process makes it possible to
shorten produc on lead mes. Our pipe products,
for example, have a led me of about one month.
This is one of the lowest in the industry and is highly
appreciated by customers.
Truck transport has been reduced through the use
of the AGVs. Combined with the expansion of the
shipping berth and the conversion to LNG have greatly
reduced the CO2 emissions from the plant.
Collec on of stainless steel scraps produced onsite and
the recovery of metals from dust, sludge and scales is
now possible with the new smel ng reduc on furnace.
We are able to achieve high levels of recycling eﬃciency.
Slugs are also u lised as sub-base for road construc on.
The fully integrated produc on site enables Nippon
Metal Industry to operate a high-eﬃciency stainless
steel produc on site that is an example to others.
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Page 22

08

Nippon Steel and
Sumikin Stainless Corporation

Using a Rotary Hearth Furnace
to Recover Valuable Metals
Material Eﬃciency

Challenge
Dust and sludge produced in the stainless steelmaking
process contains valuable metals such as nickel and
chromium. However, there are many challenges to be
faced when recovering and recycling these products. As
a result, some types of waste are disposed of in landfill
a er they have been treated.
Landfill disposal costs a great deal of money and means
that some valuable metal resources are eﬀec vely lost.
NSSC sought to find a way to recover these resources
eﬃciently and to minimise the need for landfill disposal.
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Action
Stainless steel waste contains zinc, is o en powdered
and oxidised, has a high-moisture content, and is
diﬃcult to recycle without pre-trea ng. Arc furnace
dust is very fine and contains chromium oxide which
has a high mel ng point and is diﬃcult to reduce.
NSSC undertook research to find the appropriate
mix of materials and reduc on condi ons. From this
research, NSSC has developed a lumping and reduc on
technology using a Rotary Hearth Furnace to recycle
stainless steel waste.

Outcome
At NSSC’s Hikari Works, all stainless steel waste is
recycled using the Rotary Hearth Furnace method. The
wastes that are processed include arc furnace dust,
sludge, mill scale, and others.

ISSF Sustainability Award 2011: Case Studies
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09

Outokumpu Oyj

Opencell™ Sandwich Panel Structure

New Processes & Products

Challenge
The demand for lighter construc ons with be er
performance has emphasised the importance of
eﬃcient structures. In principle, two approaches
exist to developing eﬃcient structures: either the
applica on of new materials or the use of novel
structural design. However, a combina on of both is
also possible.
A proven and well-established solu on is the combina on
of composite materials and sandwich structures. High
strength-to-weight ra os with minimised weight can be
obtained. Thermal insula on, good sound reduc on and
high specific-energy absorp on are addi onal benefits of
this construc on method.
All-metal sandwich panels oﬀer numerous outstanding
proper es and allow the designer to develop light
and eﬃcient structural configura ons for a large
variety of applica ons. The most established type
of metal sandwich panel is created using direc onal
s ﬀeners between solid surface sheets. However, the
heterogeneity of strength and/or s ﬀness proper es
in both longitudinal and transverse direc ons is a
characteris c of this type of panel.
Opencell™ Sandwich Panel
ISSF Sustainability Award 2011: Case Studies
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Action
The design of sandwich panels, u lising la ce truss
concepts, has resulted in a completely new metal panel
idea called Opencell™. Instead of a conven onal, threepart panel structure (sheet/core/sheet), a combina on
of cut-and-formed core and single solid sheet elements
are used. This creates a higher degree of design
variables for tailored proper es.
Several ini al Opencell™ concepts were generated
in a research and development project funded by
Outokumpu and Tekes Technology and Innova on
Agency. The aim was to evaluate and op mise the
structural performance of the panel.

Detail of Opencell™ Sandwich Panel

Outcome
The patented Opencell™ technology includes a panel
system where the core structure is formed from layers
of steel sheets that are mechanically connected to each
other. The connec on members are formed from one
of the layer sheets so that there is no addi onal core
material.
This results in a higher degree of design variables for
tailored proper es, and increases the poten al for
industrialisa on compared to other currently available
technologies. The Opencell™ technology also oﬀers the
poten al to reduce the number of elements (and thus
joining phases and weight) and create free-form curved
shapes. Balanced transversal- and longitudinal-s ﬀness
proper es are other key benefits.

proper es. A simple matrix-pressing tool was used in
panel produc on to form one row of Opencell™ units
per stroke.
The prototype panels were subjected to an extensive
mechanical tes ng programme. Based on the results
of sta c mechanical tests on the full-size panel, it can
be concluded that the Opencell Delta™ concept oﬀers
excellent weight-to-s ﬀness and strength-to-weight ra os.
The results are comparable to, or be er than similar
results for conven onal all-metal sandwich panels in
typical load-bearing applica ons such as floor structures.

A basic structure was designed and op mised for
a combina on of constant load and point loading
at the centre of the sandwich panel – known as
Opencell Delta™. The criterion was a maximumallowed deflec on when the panel is simply supported
at both ends at a 2 metre span.
As a result of a thorough material selec on process,
austeni c stainless steel grade AISI 201 was used for
the prototype panels because of its fine balance of
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Outokumpu Oyj

Reducing Waste to Landfill

Material Eﬃciency

Challenge
To reduce the specific volume of waste sent to landfill
and increase material eﬃciency by re-using waste
products in the stainless steelmaking process.
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Action
Establish a sustainable recovery and re-use route for
stainless steel waste such as:
•

Recovered slag to be re-used in the produc on
of asphalt.

•

Waste refractory material to be used as
a subs tute for limestone in the stainless
steelmaking process.

The recovery rate of waste material has to be sustained
at a level where it can meet demand.

Outcome
In 2007, Outokumpu’s Sheﬃeld mel ng shop (SMACC)
sent 103.8 kg of waste to landfill for every tonne of
steel produced. Using the two ac ons detailed above,
this had been reduced by 44% to 57.8 kg/tonne by the
end of 2010. The reduc ons have been sustained over
a three-year period and represent the start of SMACC’s
journey towards becoming a zero-waste-to-landfill
steelmaking facility.
The schemes, championed by the SMACC opera onal
teams and also in partnership with the Harsco Group,
have led to the drama c reduc on in waste to landfill.
Since 2007, over 80% of all slag produced has been
recovered and re-used as road stone in the produc on
of asphalt. During 2010, half of all refractory waste
generated on site was re-used as a lime subs tute.

virgin raw materials. This helps to alleviate the pressure
that mining can exert on communi es and ecosystems
in the vicinity of mines and preserves the natural
beauty of the area.
The recovery and re-use of refractory material as a
lime subs tute means that Outokumpu’s dependence
on virgin lime also decreases. With waste refractory
material being reused in the steelmaking process as
a slag condi oner, it eﬀec vely ends up in the slag.
This means it is eﬀec vely used three mes: once as
refractory brick, again as a subs tute for lime in the
forma on of slag; and finally as a subs tute for road
stone in asphalt produc on.

The use of steelmaking slag in asphalt produc on has
many great social and environmental benefits. Slag
increases the durability of road surfaces, reducing the
need for road repairs and associated traﬃc delays.
The surface of the slag-containing asphalt also exhibits
good grip values, skid resistance, rut and deforma on
resistance, and reduces the risk of aquaplaning.
Using slag as a subs tute for a natural resource also
reduces the need to ac vely damage land by mining for
ISSF Sustainability Award 2011: Case Studies
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Outokumpu Oyj

Creating Long-term Energy Efficiency
and CO2 Emission Improvements
Energy Intensity

Greenhouse Gas Emissions

Challenge
The amount of energy used in the stainless steel
industry and its resultant carbon footprint are quite
high compared to some other industries. Emissions of
CO2 are synonymous with the use of energy. In stainless
steel making they come from the fuels used to power
electric arc furnaces (EAF), hot rolling (HR) and cold
rolling (CR).

During the 1990s, Outokumpu’s Tornio Works started
a systema c long-term ac on to improve energy
eﬃciency. The main aim was to save energy and
energy related costs. However, a secondary goal was to
systema cally lower emission levels, and therefore the
carbon footprint of our stainless products. The energy
eﬃciency ac on at Tornio Works has been monitored,
assessed and reviewed annually.

Energy savings (red bar) in megawa hours at Outokumpu’s Tornio Works
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Action
The main ac ons have been:
1. Investments in our own unique technologies
including:
•

Use of molten ferrochrome (FeCr) to melt
recycled steel (known as a chrome converter).

•

Crea on of the first totally integrated and
industrial-scale cold rolling line.

•

Use of carbon monoxide gas (a by-product
of the FeCr plant) to replace other fuels at
the steelworks.

Outokumpu also purchases electricity that is mainly
generated using non-fossil resources. This reduces our
indirect CO2 emissions.
The energy eﬃciency ac on programme is part of a
local environmental management system (EMS based
on ISO 14001). The latest ac on programme will run
from 2011 to 2016.

2. Energy eﬃciency investments in certain areas of
the mill including:
•

Waste heat recovery from furnaces.

•

Regenerative burners in the hot rolling
mill furnace.

•

Installa on of a combined heat and power
plant (CHP or cogenera on plant) which
u lises peat and bio-energy and replaced
exis ng oil-based heat boilers.

Outcome
The long-term energy eﬃciency ac on plan has
decreased annual energy use in several produc on
phases. Based on an average produc on year, the main
energy savings have been:
•

150 GWh/year at the steel melt shop using the
chromium converter.

•

80 GWh/year at the hot rolling mill by hot
charging slabs.

•

500 GWh/year using carbon monoxide to replace
other fuels.

•

600 GWh/year from the recovery of energy from
waste water, waste heat and gases.

Without these improvement ac ons, the energy
consump on at our Tornio Works would be almost 30%
higher than it is today. The ac ons have also decreased
specific carbon dioxide emissions from Tornio steel
mills by 30% in two decades (1990-2010). Together with
the changes made to the energy and electricity supply
mix, the mean carbon footprint of Outokumpu’s main
products has decreased by almost 40% since the 1990s.
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Outokumpu Oyj

Assessing the Long-term
Effects of Exposure to Metals
in Stainless Production
Safety

Challenge
Employees working in the stainless steel industry are
exposed to poten ally carcinogenic and toxic materials
every day. Outokumpu wanted to understand the
actual exposure levels and the chemical composi on of
the inhaled par cles and to answer ques ons such as:
•

Is it possible to stay healthy throughout an en re
career in the stainless steel industry without
contrac ng occupa onal diseases?

•

How should we run proper periodic
health examinations and effective health
promotion campaigns?

•

Are modern laboratory methods, such as the
assessment of the micronuclei of nasal cells, useful
tools to define the early biomarkers of poten al
cancer-forming cells in the respiratory tract?

An essen al part of the challenge was to demonstrate
that healthy and safe working condi ons in
the produc on phase are fundamental for the
sustainability of stainless steel as material of the future.
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Action
A systema c scien fic research programme was
developed in 1986, and has been carried out at
Outokumpu’s Tornio Works (Finland) in close
coopera on with universi es and expert ins tutes. In
total, 316 workers par cipated in the follow-up studies.
Their average exposure me was 23 years.
The studies have covered exposure characteris cs,
long-term respiratory health eﬀects, nasal cell
mutagene c eﬀects and magnetopneumographic
examina ons to determine the rate of dust reten on in
the lungs.
The results of the studies have been published as six
individual ar cles in interna onal scien fic medical
journals between 1993 and 2002. A new phase of the
research programme is on-going.

Outcome
The exposure study showed that there is certainly
exposure to chromium and nickel throughout the
produc on chain, and to harmful hexavalent chromium
at certain stages. However, the observed health eﬀects
were minimal. This finding can be explained partly
by low exposure levels and partly by the low bioavailability of poten ally harmful chromium species.
The low bio-availability can be explained by the surface
proper es and chemical composi on of the metal
par cles in the workplace air.
The clinical studies indicated that an average exposure
me of 23 years in ferrochromium and stainless steel
produc on, including exposure to dusts containing low
concentra ons of chromium and nickel compounds,
do not lead to any respiratory changes detectable by
lung-func on tests or radiography nor to any increase in
symptoms of respiratory diseases. Nor does this exposure
lead to nasal changes detectable by clinical or cytological
examina on. No genotoxic eﬀects a ributable to
occupa onal metal exposure could be observed.

safety procedures (such as REACH) and to scien fically
show the health eﬀects of stainless steel and industry.
Recommenda ons for health examina ons have also
been made based on these studies.
The publica on of the results in open literature has
made them available to the global stainless steel
community and its stakeholders.
The scien fic studies form the basis of the Finnish
Ins tute of Occupa onal Health’s (FIOH) Review of the
Toxicity of Stainless Steel, conducted in 2010. For more
informa on on this study, please visit:
h p://www. l.fi/en/publica ons/Electronic_
publica ons/Documents/Stainless_steel.pdf

The results demonstrated that the modern stainless
steel produc on chain achieves low metal exposure
levels with no adverse health eﬀects. Results of the
studies have been used in European Union chemical
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POSCO

Recycling AOD-slag

Material Eﬃciency

New Processes & Products

Challenge
In the stainless steel produc on process, argon oxygen
decarburisa on (AOD) slag is produced as a by-product.
At POSCO, about 100,000 tonnes of AOD-slag is made
during a typical year.
AOD-slag is recycled with electric arc furnace (EAF)
slag using the wet-type process. However, 60% of
steelmaking slag is sent to landfill.
The wet-type recycling process needs a large area to
enable the slag to be cooled, and a complex facility to
crush, screen and dry the slag. Dust and waste water
produced during the recycling process can cause
environmental problems. Therefore, the development
of an environmentally friendly, but simple recycling
process is needed.
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Action
Because of the volume expansion caused by the phase
transforma on, AOD-slag becomes powder during the
cooling process. Using this powdering phenomenon, the
development of a dry-type recycling process is possible.
POSCO has developed such a process and built the AODslag recycling facility. The new facility has the capacity to
process 170,000 tonnes of AOD-slag each year.

Recycling type
Investment (US$ millions):
Site area (m2):
Water consumed (ton/day):
Waste water (ton/day):

Dry

Wet
$13.3
3,230
100
0

$17.7
5,100
300
2,500

The dry-type process only needs a simple facility as
the slag does not need to be dried and crushed. The
opera on can also be closed, avoiding dust and waste
water genera on.

Outcome
Since 2003, all products produced using the dry-type
process have been u lised as a filling material for cement.
In earlier years it also had uses as a base material for
fer liser. However, due to poten al environmental
issues with fluoride, all of the material produced is now
used as filling for cement.
By recycling AOD-slag, POSCO has reduced its landfill
needs by 10%.

ISSF Sustainability Award 2011: Case Studies

Page 34

14

POSCO

Creating FeNi Pellets
from Industrial Waste
Material Eﬃciency

New Processes & Products

Challenge
During stainless steel produc on, nickel-containing
by-products such as dust and sludge are produced. The
dust from the steelmaking process is recycled in the
electric arc furnace (EAF). However, most sludge from
the annealing and pickling process is sent to landfill.
Electricity and petrochemical manufacturing processes
also produce nickel-containing wastes such as catalyst
residue and sludge. These wastes are also sent to
landfill.
The total amount of nickel contained in the by-products
and wastes produced by POSCO is approximately 1,000
tonnes annually. The by-products and wastes can be
used as a raw material for nickel ferroalloys. However,
as there was no economical extrac on technology,
most were also sent to landfill.
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Action
POSCO has developed an extrac on technology to
remove nickel from industrial waste. Construc on of
a recycling plant which can process 60,000 tonnes
of waste a year has been completed. This plant will
produce 1,000 tonnes of nickel in the form of ferronickel cold-bonded pellets (CBP) annually.
The new recycling process is based on wet-refining
technology and has higher energy and cost eﬃciencies
than the smel ng process. The process can decrease
CO2 emission by using less energy and producing nickel
at 60 to 80% of the cost of the smel ng process.
The process can also extract nickel from wastes with
low levels of the metal. This suggests that the process
can be used to refine low grade ore.
Because the technology uses the wet-refining process,
dust genera on is reduced. The process also removes
toxic material in the waste by reducing hexavalent
chromium (Cr+6) to the oxida on state (Cr+3).

Outcome
By the end of 2010, 16,500 tonnes of ferro-nickel
CBP had been produced. Ferro-nickel CBP is used in
POSCO’s stainless steelmaking process and contributes
significant cost savings. It reduces waste sent to landfill
by 34,000 tonnes/year. By u lising the technology,
POSCO es mates that the global stainless industry
could save at least US$250 million in environmental
costs each year.
The technology was recognised for its crea vity and
technical excellence with the presenta on of the 2010
Korea Na onal Green Technology Award.
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Sumitomo Metal Industries, Ltd.

New Stainless Steel Boiler Tubes for
USC Power Generation
Greenhouse Gas Emissions

Challenge
Stainless steel boiler tubes are used for thermal power
genera on boilers which create electricity by burning
fossil-fuels, such as coal or oil, and producing steam.
The temperature of a conven onal supercri calpressure steam has been limited to around 566⁰C. If
this is increased to 600⁰C at ultra-supercri cal pressure
(USC), the heat-eﬃciency of the boiler is increased and
CO2 emissions are greatly reduced.
However, conven onal steel boiler tubes do not have
enough strength and corrosion resistance at high
temperatures when the steam is at USC condi ons. For
this reason, conven onal stainless steel boiler tubes
have not been used at temperatures above 566⁰C.
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Action
Sumitomo Metals has developed three stainless steel
boiler tubes that meet the requirements for a USC
boiler:
1. TP347HFG. Developed by op mising alloying
elements within the standardised chemical
composi on range of conven onal stainless steel
type 347H (18Cr-12Ni) and applying a unique
thermo-mechanical manufacturing process.
TP347HFG has 1.3 mes the strength and
three mes the steam oxida on resistance of
conven onal type 347H boiler tubes.

precipitates created during service opera on
are improved at high temperatures. A prac cal
service-exposure test of HR3C-steel boiler
tubes has been successfully conducted for over
13 years, demonstra ng the high quality and
superior performance of the tubes.
These products are u lised for integral components of
the USC boilers such as the superheater and reheater
tubes which generate the high temperature and USC
pressure steam.

2. SUPER304H. Developed by adding copper and
nitrogen while drama cally reducing the content
of high-priced nickel and niobium. The unique
thermo-mechanical manufacturing process
is also applied to achieve high strength and
steam oxida on resistance with a fine-grained
microstructure. This steel has twice the strength
and three mes the steam oxida on resistance
of conven onal type 347H steel boiler tubes.
3. HR3C. A high-chromium steel which has superior
hot-corrosion resistance to the conven onal
type 347H stainless steel in a coal-fired boiler
with a high-sulphur content. Finely dispersed

Outcome
Use of the new stainless steel boiler tubes has made
it possible to build high temperature, high pressure
600⁰C USC boilers. A 4% improvement in heat
eﬃciency (compared to conven onal technologies)
has enabled coal consump on to be reduced by 3.98
million tonnes (mt) per year in Japan.
The new stainless steel boiler tubes have become
a global standard, capturing almost 100% of the
Japanese market and more than 80% of the global
market for USC boilers. This USC boiler is experiencing
a boom worldwide.
There are 80 boilers currently in opera on globally, a
number that will increase to 191 if all planned systems
come to frui on. The technology will reduce coal
consump on at these 191 power plants by
27.7 mt/year. It is es mated that improvements in heat
eﬃciency will reduce CO2 emissions by 4.6 mt/year in
Japan and 67 mt/year worldwide.
There is no doubt that the contribu on of these
new stainless steel boiler tubes to reducing the
environmental impact of power genera on will
con nue to grow.
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ThyssenKrupp Nirosta GmbH

Improving Corporate Safety Culture

Employee Training

Safety

Challenge
Every accident is one too many! Every accident is
preventable!
Our corporate goal was to reduce the number of workbehaviour based accidents in order to:
•

Reduce personal harm and suﬀering.

•

Increase awareness that the company cares for
the welfare of its employees.

•

Enhance mo va on and work sa sfac on.

•

Reduce inac ve periods (medical leave,
machine down me).

•

Improve operator ergonomics.

•

Improve our corporate image among the
general public.

•

Improve corporate performance.
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Action
Seminars and workshops for execu ves, supervisors
and employees were held to:
•

Establish a uniform knowledge of safety values
and standards at all levels of the organisa on.

•

Analyse accidents and close-call experiences from
the past in order to prevent their recurrence.

•

Iden fy and analyse risky behaviour, with the
aim of improving personal behaviour.

•

Enhance awareness and concern, using both the
ra onal and emo onal approach.

•

Oﬀer safety training and defini on of key
measures in small groups.

Outcome
The ac on has resulted in a significant reduc on in
behaviour-based accidents. The rate of accidents has
decreased by more than 90% between 1995 and the
2009/2010 fiscal year.
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YUSCO

Improving Energy Efficiency
and Reducing Greenhouse Gases
Greenhouse Gas Emissions

Challenge
Greenhouse gas reduc on is currently the most
important topic in the stainless industry, par cularly
given the energy-intensive nature of the process.
YUSCO con nues to improve its energy eﬃciency and
has ac vely par cipated in a government programme
to voluntarily reduce its CO2 emissions since 2005.
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Action
By strengthening energy management and improving
energy eﬃciency, YUSCO has been recognised as a
leading energy-saving company for the past four years
by the government Ministry of Economic Aﬀairs.
The following ac ons have been taken to save energy
and reduce greenhouse gas emissions:
•

In the hot strip mill, the hot-charging rate has
been increased to 450⁰C (up 60%).

•

By connec ng the pipes between various
compressor systems, power consump on has
fallen by 11%.

•

Aluminium electrode arms have been installed
in the electric arc furnaces (EAFs) to increase the
eﬃciency of electrical transmission.

•

Fans and blowers in the de-dus ng system have
been altered to use a variable voltage variable
frequency (VVVF) system.

Outcome
For the past five years, YUSCO has reduced its CO2
emissions by 10,000 tonnes annually on average. The
company con nues to par cipate in the government’s
‘Voluntary CO2 Emissions Reduc on Agreement’,
commi ng to reduce CO2 emissions by 50,000 tonnes
over the next five years.
Future ac ons to be taken include:
•

Further increasing the hot-charging rate
and temperature.

•

Minimising heat loss through eﬀec ve
management of the steam system to reduce the
amount of heavy oil consumed.

•

Modifica on of the ladle pre-heater for oxygenenriched steel in the steelmaking plant, and
installing op mal-control so ware to reduce
power consump on in the EAF plant.
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