Stainless steel and sustainability

P. Payet-Gaspard

The paper focuses on the Sustainability of Stainless Steels.
1t first analyses the growth of stainless steels over the last years. Then it focuses on sustainability and gives an
evaluation of the CO, emissions of Stainless Steels from cradle to gate. It gives as well an evaluation of the
recycling rates of stainless steels according to the market applications and an evaluation of the overall cycle of
manufacturing and scraps in 2005 on a world wide basis. It concludes with a presentation of some
remarkable applications focusing on green energy and future growth markets.

INTRODUCTION

My presentation demonstrates the sustai-
nability of stainless steels, not only ta-
king into account its remarkable charac-
teristics, but also through its long life and
high recycling rate. This makes stainless
the material of choice for the 21st cen-
tury, ensuring its sustainable growth in
the future.

After providing some important facts and
figures, I will focus on the Life Cycle In-
ventory and emissions studies for stain-
less steel. I will then demonstrate the
high recyclability of stainless steels and
finish with some case studies on Life Cy-
cle Costing.

STAINLESS STEEL GROWTH:

A MYTH OR A REALITY?

Compared to other materials, stainless
steels have enjoyed an unprecedented
growth until 2007, much faster than any
other metallic material (fig. 1). However
taking the recent years since 2000, this
growth has been concentrated in one
country, China, and on two types of grades
200 and 400 series (fig.2).

The crisis of 2008-2009 has had the same
effect on stainless steels than on other
materials but already in 2010 we passed
the 30 Mio T threshold, which were 10
Mio T more than in year 2000.

So what is the real future of our material?
Following the raising concern over the fu-
ture of our planet, only industries and ma-
terials showing competitive advantages
in sustainability will survive in the long
term.

Sustainability is the key for the future.
Knowing the enormous potential of
growth in emerging countries, there is
still a large potential for stainless steel
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Fig.1 - Since 1980 stainless steel has grown faster than most metallic materials.
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Fig. 2 - Stainless crude steel production.

markets. In more advanced countries,
stainless steel applications will develop
in more sophisticated applications dedi-
cated to environment & sustainability.

SUSTAINABILITY:
THE NEXT SOURCE OF GROWTH?
In looking at its future and the challenges

faced by our planet, the stainless steel in-
dustry has put sustainability at the top
of its agenda. In Rio, in May 2010, the
[SSF members committed themselves to
a Sustainability Charter, an important
milestone on the journey toward a better
world, recognizing that only industries
showing an edge on these matters will
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survive on the long term.

But what is sustainability?

The classical definition relates to People,
Planet and Profit. In looking at these dif-
ferent topics, Stainless steels shows defi-
nite advantages and progresses over the
last years.

In taking the safety of our employees we
show progress which our industry put as
a benchmark.

The safety of our products and customers
is also a first priority. This is why in 2010,
we have asked the reputed FIOH (Finland
Institute for Occupational Health), an in-
dependent research institute, to look at all
that has been published the last 20 years
about stainless steels and their usage in
all possible applications ranging from me-
dical to food storage and household ap-
pliances. Their conclusion was clear that
stainless steels are harmless to the human
beings [2].

Renewable energies and preservation of
resources are key for the future of our
planet. In these markets, especially in bio-
mass and water treatment, stainless steels
are demonstrating their edge over other
materials through durability, low mainte-
nance, and high corrosion resistance to-
gether with high mechanical properties.
Markets in those applications are growing
very fast.

SUSTAINABILITY: FACTS AND FIGURES
Regarding stainless steel, we have studied
the complete cycle from cradle to grave,
including the different contributions of
the supplying industries as well as the
inputs from the utilities and ancillary ma-
terials.

On a world wide basis and averaging all
different grades of stainless steels ( ferri-
tics, austenitics etc..) we found a total CO,
foot print of around 3,8 T of CO, per tons
of stainless steel.

In comparison with other metallic mate-
rials, stainless steels are showing lower
than average values as reported by diffe-
rent sources [5 to 9].

The main conclusion is that the stainless
steel industry itself contributes directly
for less than 10 % of total emissions [1](fig.
5).

Most of the emissions are coming from up-
stream industries: raw materials for the
largest part (70 %) and electricity genera-
tion for around 17 %. As far as raw mate-
rials are concerned the two main contri-
butions are coming from the chromium
industry in the first place through the
supply of Ferrochromium and the Nickel
industry.

Electricity is counted from data provided
by the International Energy Agency.
Since the stainless steel industry itself is
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Fig. 4 - LCI facts and data.
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Fig. 5 - CO, emission from cradle to grave.

only a small part of the C-footprint of the
whole supply chain, recycling is a key fac-
tor and is indeed very high.

Due to their high intrinsic value, stainless
steels are easily collected and do not re-
quire any subsidies from governments to

encourage recycling. The high value of its
intrinsic ingredients ensure that over 70%
of all stainless steel is reused to produce
new stainless. This greatly reduces the
environmental footprint of stainless steel.
Even when stainless does find its way into
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landfill sites, it does no harm to the envi-
ronment.

The graph in fig. 6 illustrates the lifecycle
of stainless steel in 2005, a year in which
25 million tons of stainless was produ-
ced. After fabrication and manufacturing,
about 13 million tons, just over half the to-
tal, goes into goods at the consumer level.
These goods include cars, household ap-
pliances, industrial equipment, all of
which are recycled much later.

Table I comes from a study conducted by
Yale University and ISSF [10]. It shows the
recycling rate for stainless steels in diffe-
rent application sectors on a global basis.
The study found that 82% of stainless steel
is recovered at the end of the product’s life
(22 years on average), and that 90% of the
collected stainless is used to make new
stainless steel (the remaining 10% goes
to making carbon steel products).

These rates are among the highest for any
metallic material and clearly demonstrate
the high sustainable value of stainless steel.
What is recycled today was produced
more than 20 years ago when the pro-
duction level was much lower and is quite
in accordance with previous graph of the
stainless steel cycle (fig. 7).

It shows also that to day, the inventory of
stainless steel accumulated in the goods
represents an enormous reserve of energy
and value.

In the likely hypothesis of a lower growth
in the future, these scraps reserves will be
an extremely powerful way to reduce the
CO, emissions from stainless steels since
the emissions of stainless steels made of
recycled material are only a small portion
of the one from virgin material.

It is like having a forest where every year
you plant more trees than you cut.

By the same way, the large inventory of
stainless steels goods - which are increa-
sing each year - acts like a potential low C-
footprint reserve.

At the EoL this reserve will be used to
produce stainless steels with an extre-
mely low C footprint. Without going into
complicated mathematics, it is estimated
that taking into account EoL recycling cre-
dit, the C foot print of stainless steels is re-
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Fig. 6 - lifecycle of stainless steel in 2005.
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duced by 1 to 1,5 T of CO2/ T of stainless
steel . It reduces then the CO, footprint -
and also all other related environmental
footprints - very substantially.

This is why if we take in consideration this
recycled potential, the C footprint of stain-
less steels of 3,8 T of CO, / T is greatly re-
duced by about 1 T to 1,5 T of CO, /T.
There are numerous studies on Life Cycle
Cost; this one refers to a roofing applica-
tion in Japan.

Thanks to the extremely low maintenance
costs, stainless steels demonstrate a lower
cost over any other solution after 20 years
against hot dipped galvanized steel. Other
studies on bridges, architectural goods or
street furniture objects deliver the same
results (see Sorbonne University study
[12 to 18]).

CONCLUSIONS

Sustainability has been recognized by the
stainless steel industry as a major chal-
lenge for the future

Progress has been made to reduce its fo-
otprint to the environment by increasing
recyclability and improving processes all
along the supply chain, including raw ma-
terials.

Stainless steel with its unique properties:
* Recyclability

¢ Long life

¢ Low maintenance costs

* Neutrality and Hygienic

is it a perfect material to offer sustainable
solutions in many different markets and
applications?

Stainless steel is not the problem...

But can be part of the solution.

Main application sectors pse of fmlshed. SS A\{erage life To landfill Collected for recyf'.lmg
in manufacturing (in years) Total As stainless

steel
Building 16% 50 8% 92% 95%
Transportation 21% 14 13% 87% 85%
Industrial machinery 31% 25 8% 92% 95%
Household appliances 6% 15 18% 82% 95%
Electronics 6% - 40% 60% 95%

Table |

La Metallurgia Italiana - n. 5/2012 59




REFERENCES
1.

2.

10.

11.

12.

13.

Stainless steel and CO, - ISSF, 2010
TIINA SANTONEN, HELENE STOCK-
MANN JUVALA AND ANTTI ZITTING, Re-
view on Toxicity of Stainless Steel, FIOH,
2010 http://www.ttl.fi/en/publications/
Electronic_publications/Pages/default.aspx
sourcemap; www.sourcemap.org

NI (Nickel Institute); www.nickelinsti-
tute.org

European Commission - DG Joint Research
Centre - Institute for Environment and Su-
stainability ELCD database; http://lca.jrc.
ec.europa.eu

TAI (International Aluminium Institute);
www.world-aluminium.org

JAA (Japan Aluminium Association);
www.aluminum.or.jp

ICDA (International Chromium Develop
Association); www.icdacr.com

ISSF (International Stainless Steel Forum);
www.worldstainless.org

Barbara Reck and T.E. Graedel, Compre-
hensive Multilevel Cycles for Stainless
Steel for 2000 and 2005. Preliminary Final
Report for Yale University/ISSF Stainless
Steel Project 2009

JSSA(Japan Stainless Steel Association)
http://www.jssa.gr.jp/

Antoine Dusart, Hicham El-Deeb, Nahla Ja-
ouhari, David Ka, Lisa Ruf, Life Cycle Co-
sting and Stainless Steel - Sorbonne Uni-
versity, 2011

N. R. Baddoo, The steel Construction Insti-
tute, and A. Kosmac, Euro Inox, Sustaina-
ble Duplex Stainless Steel Bridges, 2010
http://www.worldstainless.org/ISSF/Fi-
les/Sustainable%20Duplex%20Stain-
less%20Steel%20Bridges.pdf

LCC comparison of roof material ‘Steel has to be.

maintained every 5

—Stalnless Steel

have to e maintained

e P years { 10 vears alter
ki ¢ end of construction)
) ~Steed (hot-dip galvanized | ;

— Stainicss Stoal [colorod i* Stainless steel coated
v - - = - i with silicon-polyester

every 15 years (25

years affer)

= Maintemnance cycle af

siainless steel is more
than 30 years

s B n m | " wo o= '
time {yoarg i
R a5 T e 52 -y i
Fig. 8 - Case study (life cycle cost in Japan).
14. The Steel Construction Institute, Siena Fo- 17. Washing Machines - Ministry of Economy,

otbridge, Structural Stainless Steel Case
Study 05, 2010 http:;//www.steelbiz.org/Di-
scovery/AllResults.aspx?q=%22Siena%
20Footbridge

15. Gro Masket, Steen Rostman, and Oskar
Klinghoffer, Guide for use of stainless steel
reinforcement in concrete structure, 2006
http://www.sintef.no/upload/Bygg-
forsk/Publikasjoner/Prrapp%20405.pdf

16. Euro Inox, Life Cycle Costing and Stain-
less Steels. Case Study - River Crossing Hi-
ghway Bridge, Zurich, Switzerland, 1997.
Desalination Pumps

18.

Trade and Industry, Ministry of Environ-
ment, Announcement of home appliance
Recycling Performance by home appliance
manufactures, May 2005- http:;//www.meti
.go.jp/english/information/data/IT-po-
licy/pdf/announcement_of_home_ap-
pliance_recycling.pdf

Hydraulic Institute, Europump, and US De-
partment of Energys Office of Industrial Te-
chnologies, Pump Life Cycle Costs: A Guide
to LCC Analysis for Pumping Systems,
2001 - http:;//www 1.eere.energy.gov/indu-
stry/bestpractices/pdfs/pumplcc_1001.pdf

La Metallurgia Italiana

“La Metallurgia Italiana” publishes original and unpublished peer-reviewed papers - either in Italian or in
English - concerning experimental or theoretical work related to ferrous and non-ferrous metals and other
structural and functional applications materials, in the different metallurgical areas: physics, chemistry and
mechanics. Critical reviews pertaining specific subject matter are also of interest.

Authors are invited to present their work and in a clear and concise manner.

Papers submitted for publishing are peer reviewed - in anonymous form - by three members of the
Scientific Committee competent for the subject matter.

Papers should be sent to the Edi-

torial Secretary or to a member of

the Scientific Committee and they

should not exceed 12 pages. Any

references having commercial pur-

pose (trade, corporate and firm na-

mes) must absolutely be avoided.

All submitted papers should inclu-

de:

e Title

e Authors - authors' name, affilia-
tion, and contact information
should be provided

e Summary - an introductive brief
summary (not longer than 300

AUTHORS GUIDELINES

words) exposing main purpose
and conclusions.

e [Extended abstract - 1to 2 pa-
ges long, citing key figures and
lables.

e Tables and Figures - not ex-
ceeding a total of 12, ordered
with Arabic numerals. Enlarge-
ment indications are to be spe-
cified within the micrographs.

e Figure and tables captions.

e Bibliography - references
should be listed following the
same order as the quotes.

For all measuring units Authors

should refer to the International
Unit System SlI.

Corrections of proofs will be limited
to simple typographic revision,
modifications to the original text will
not be accepted.

All correspondence should be ad-
dressed to:

La Metallurgia Italiana,

c/o AIM - Ple R. Morandi 2
20121 Milano,

phone + 39 02-76021132,

telefax 02-76020551,

or to: met.aim@aimnet.it.

60

La Metallurgia Italiana - n. 5/2012



