NICKEL IN SOCIETY

Lasting value, innovative solutions
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“The Nickel Institute has engaged
The Natural Step (TNS) as an NGO
partner to challenge and support
its sustainability planning, activities
and orientation, with a view to
establishing a leadership position
for the nickel industry. In doing so,
TNS recognises the value that nickel
can bring to society when used and
managed sustainably, particularly
in its most important value-added
product, stainless steel.”



Today we care more and more about sustainability
and yet we seem to know less and less about the
materials that contribute to a sustainable future.

Making sustainable choices should be easy. This
booklet will highlight, in a clear and simple way,
the most important applications of nickel, of
which there are over 300,000, and explore how
these applications contribute to innovation and
sustainability in our daily lives.

Nickel in Society will provide politicians, regulators,
journalists and the general public with the necessary
information to make informed choices — whether
it is a green procurement decision, a specification for
a construction project, or shopping for your family.

As an organisation representing industry, it is our
responsibility to offer the best information so that
society can ultimately take the best decisions.

Stephen Barnett
President, Nickel Institute






Living Comfortably =

60% of all nickel is used to make
stainless steel. If you look around
you, there will be countless
examples of how this beautiful,
strong and flexible material helps
to improve the quality of your life,
every single day.




Take a walk down any street in any
modern city and it’s highly likely you will
be surrounded by nickel-containing
stainless steel. That’s because this
material is extremely strong, resistant to
corrosion, easy to form into different
shapes, and aesthetically pleasing.

Many of these buildings have become
icons in architectural design, from The
Gherkin in London to the Chrysler
Building in New York City —an art-deco
skyscraper which, thanks to the nickel-
containing stainless steel forming its
shining crown, is still as pristine and
beautiful as the day it was completed
some 80 years ago.

Nickel-containing stainless steel is
also used in two of the tallest towers
in the world, the Petronas Twin
Towers in Kuala Lumpur and the Jin
Mao building in Shanghai. Its
strength and versatility is absolutely
essential in the construction, both
internally and externally, of these
architectural masterpieces.

Nickel is underground, too. In London
for example, you'll find that the
stain-free facades and walkways in
many of the city’s Tube stations are
made possible by nickel. These surfaces
need virtually no maintenance for
decades, despite pollution, wear and
tear, and the trampling feet of millions
of passengers every day.

Perhaps best of all, nickel-containing
stainless steel typically contains

60% recycled material. This means
that natural resources are saved for
future generations and that energy use
and CO2 emissions are significantly
reduced in the manufacturing process.

All these different properties of nickel
make the urban environment you live
in safer, cleaner, more beautiful and
timeless.

As you enter most modern buildings -
nickel-containing stainless steel is likely
to be the material used for many of the
features you see.

Once you start looking, you may notice
nickel-containing stainless steel in the
entrance of your office building, in the
elevator of your preferred hotel, and on
the walls of your favourite restaurant.

Nickel-containing stainless steel has a
huge variety of finishes, from bright
to matte, embossed or tinted. These
different looks fit perfectly in modern
design and interior architecture. In
addition to its good looks, nickel-
containing stainless steel is also
extremely hard-wearing and resistant to
corrosion, making surfaces both easier
to clean and extremely long-lasting.

Nickel-containing stainless steel offers
an almost infinite range of different
formations and uses, allowing designers
to bring to life their most imaginative
and innovative ideas.

Take a look around your home and you
are very likely to find nickel-containing









“In a piping application
on the Vermelho-2

oil platform near

Rio de Janeiro, Brazil,
the use of copper-
nickel alloys reduced
maintenance costs

by 75% compared

to alternative
materials.”
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Chemical plants

Did you know that sulphuric acid is
produced in larger volumes than any
other chemical in the world. In fact, the
industrial strength of a nation is often
gauged by its per capita use of sulphuric
acid because the acid is so widely used
- in chemical processes, petroleum
refining and fertilizers, for example.

The past thirty years have witnessed
major changes in sulphuric acid manu-
facture and today it is closely tied to
environmental protection. Sulphur is
naturally present in all oil and gas
deposits, and so, as a result, the
combustion of fossil fuels produces
sulphur dioxide gas. When this gas is
emitted into the environment, it reacts
in the atmosphere to produce acid rain.

In the 1980s, governments started
regulating sulphur dioxide emissions.
Since then, industry has responded by
installing technology — made with
nickel-containing stainless steel — to
recover the sulphur and produce
sulphuric acid instead. Its corrosion-
resistant properties, particularly at
high acid concentrations and high
temperatures, makes nickel-containing
stainless steel essential for the piping,
and for the storage and cooling tanks
required in this important chemical
process.

Thanks in part to nickel, sulphur recycling
now produces 70% of all sulphur used,
drastically reducing the need for
mining new sulphur. Most importantly,
emissions of sulphur dioxide have been
halved, enabling many lakes and forests
to return to their naturally healthy state.

Seawater handling

Oceans constitute the vast majority of
the surface of our planet and they
are also the most naturally corrosive
environment on earth. Seawater
contains a complex mixture of inorganic
salts, dissolved gases, suspended solids,
organic matter and organisms.

When we want to pump seawater - be it
for chemical plants to use during cooling
processes, for creating potable water
through desalination, or for processing
oil from an offshore platform, — the
corrosive effect of the water we are
pumping must be taken into account.

Because of its resistance to corrosion,
nickel-containing stainless steel is used
in gigantic industrial pumps, portable
pumps and anything else that involves
holding these structures together
underwater. Nickel-containing stainless
steel pipes are also placed at the bottom
of our oceans for the exploitation of oil
and gas deposits.

A copper-nickel alloy is often used to
handle seawater because it combines
strength and corrosion-resistance with
biofouling-resistance. Biofouling is the
gradual accumulation of undesirable
organisms on the surfaces of structures
in water, such as the common problem
of barnacles on ships hulls. Before the
barnacles appear, however, a thin layer of
micro-organisms, such as algae and
bacteria, would have already settled onto
the structure, contributing to corrosion.

Biofouling can be incredibly damaging
to underwater structures. For example,
its presence in piping systems may lead
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Nickel's role as a catalyst is perhaps the least-known of its uses. Finely divided nickel-based catalysts are key to several
important reactions. For example, nickel oxide is a very important chemical in modern industrial processes. It is commonly
used as a catalyst within the petrochemical industry in areas such as the metathesis of olefin gas.

Just think of olefins as simple carbon and hydrogen packets that are used to make more complex chains which form the
backbone of fossil fuels, as well as materials used in everything from soaps, to plastic bags, to pharmaceuticals. The
metathesis process simply means transforming the order of AB + CD into AD + BC.

When chemists are seeking molecules which could enhance the quality of human life, they need reliable, highly efficient,
selective and environmentally friendly chemical reactions. This is where nickel plays an important role. Nickel’s catalytic
properties allow it to increase the rate of the chemical reaction, without being consumed by the reaction itself. Nickel
also retains its strength and catalytic properties at high temperatures, allowing it to withstand the extremely hot conditions
(between 850 and 1000 °C) involved in petrochemical processes.

Catalytic processes are not restricted to the petrochemical industry. Nickel catalysts are also used to hydrogenate vegetable oil
in the production of margarine and in the production of fertilisers.

to an unacceptable reduction in flow, or
even complete plugging.

Using copper-nickel alloys has proved to

Using copper-nickel alloys has been be a cost-effective solution to biofouling
proven to be a cost-effective solution to in seawater applications, cutting
biofouling, as it drastically reduces the maintenance costs by up to 75%.

need for frequent cleaning. In fact, in a
piping application on the Vermelho-2 oil
platform near Rio de Janeiro, Brazil, the

Nickel’s catalytic properties allow it to
increase the rate of a chemical reaction
without being consumed by the reaction

use of copper-nickel alloys reduced itself.
maintenance costs by 75% compared to
alternative materials. Air pollution control systems, such as

in the treatment of sulphur dioxide,
rely on the corrosion-resistance of
nickel-containing alloys.
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Enabling Clean Energy m

Global warming is one of the
major challenges facing the
world today. In recent years,
we have seen initiatives to curb
carbon emissions by developing
renewable energy sources.
Nickel and nickel alloys play
a crucial role in the production
of renewable energy — enabling
clean power to be a central part
of our effort to tackle global
warming.




Harnessing wind for power is not a new
concept: the first windmills were built
in Iran in the 7th century. Today’s
horizontal-axis wind turbines operate
in much the same way, by capturing
the wind’s kinetic energy and turning it
into mechanical energy.

Most of the components of modern
wind turbines — the shafts, rotor hubs,
gears and base plates — are cast in
ductile iron. Nickel is added into the
casting process to ensure that the
turbine can resist low temperatures,
which sometimes reach -20°C. Nickel
is one of the few elements that
strengthens the iron casting without
simultaneously making it brittle
(which happens with other additives,
such as silicon). A single turbine, com-
posed of 45 tonnes of iron castings,
generally contains close to half a tonne
of nickel.

According to the Intergovernmental
Panel on Climate Change, wind turbine
installations have seen a 30% annual
growth over the past decade. Wind
energy has a promising future and
nickel alloy steel castings help to make
this future a reality.

Solar energy is becoming more widely
used around the world. But two key
challenges remain: how to store the
energy created during the day so it can
be used through the night and how to
dispatch the energy to where it is
needed. Both of these problems may be
solved by coupling molten salt with
concentrating solar power (CSP) - and
nickel-containing stainless steel.

CSP technology concentrates the sun’s
power to create steam, which turns a
turbine to make electricity. But how do
molten salt and stainless steel get into
the picture?

Molten salt is a heat-storage medium
that retains thermal energy very effec-
tively over time. It remains in a liquid
state throughout the plant’s operating
cycle—even at temperatures greater than
500 °C, the temperature reached by the
most efficient steam turbines.

Nickel-containing stainless steel tubes,
valves and vessels are used throughout
the CSP system. Why? Because nickel
ensures that the equipment does not
become brittle at the system’s high
operating temperatures,and it provides
resistance to the corrosive properties of
the salt.
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Enthusiasm for nuclear power has risen
and fallen over the decades. Nuclear-
generated power was popular in the
1970s and, in recent years with the
threat of climate change, there has been
arenewed interest.

According to the World Nuclear
Association, during the 1980s a new
nuclear reactor was commissioned
approximately every 20 days. The
Association predicts that by 2015 this
rate could increase to one reactor every
five days. China alone plans to build 30
new nuclear power stations by 2020,
which would make it the world leader in
nuclear power growth.

Nuclear power plants contain numerous
components which are made of nickel-
containing stainless steel and nickel-
base alloys, used primarily for their
strength and resistance to corrosion.
In fact, a typical reactor uses up to 20
different nickel alloys — for components
such as the internal elements of the
reactor, tubes in the steam generator,
and piping for coolants and heated water.

Some original nuclear reactors used carbon
steel piping in their construction and
these reactors are now suffering from
corrosion. Reactors built in the United
States in the 1970s and 1980s are now
replacing their water piping with
pipework made of nickel-containing
stainless steel because it has been
proven to last longer and be more resistant
to corrosion.

The new generation of nuclear reactors
will certainly benefit from the lessons
learned from past experiences when it
comes to choosing the right materials.

High temperatures fuel cells promise
clean, efficient energy in quantities
large enough to power cities. But so far,
they have been too expensive for
widespread use.

Low-temperature fuel cells have already
found uses in laptops and buses, for
examples. But these fuel cells produce
relatively little power. In contrast, high-
temperature solid oxide fuel cells
(SOFCs) can generate enough power to

supply cities. And their heat can be
channeled into other uses: for heating
buildings or turning steam turbines to
produce more power.

Nickel is used in the fabrication of the
anode in the high-temperature SOFC
fuel cell. Given its thermal expansion
properties and relatively low cost when
compared to the noble metals, nickel is
the key to enabling this technology and,
potentially, its widespread deployment
in the next couple of decades.



Coal is the largest source of energy
for the generation of electricity -
worldwide consumption of coal is
more than six billion tonnes annually.
However, burning coal is also one of
the largest sources of air pollution.

Today, new technologies are in place to
ensure coal power plants emit the
lowest possible levels of sulphur dioxide,
carbon dioxide and particulates.
Stainless steel and nickel alloys are
used in these processes.

For example, nickel-containing alloys
are used in ‘wet scrubbers’ for coal-fired
power plants. When coal is burned, it
produces particles of mercury that need
to be removed using a process called
wet scrubbing. Most wet scrubbers are
constructed using nickel-containing
alloys because of their strength and
resistance to corrosion.

Nickel is also used in the construction
of systems to remove sulphur from flue
gases, as the sulphur emissions

contribute to acid rain. Temperatures in

Flue Gas Desulphurization (FGD)
systems can reach 200°C and nickel
alloys provide the necessary corrosion
protection at these high temperatures.

Finally, there is considerable research
and development being put into carbon
capture and storage (CCS) technology
in order to mitigate the contribution of
coal emissions to global warming. One
of the technology options is to store
carbon by mineral carbonation - or
simply put, by fixing CO2 in the form of
inert minerals. The corrosive carbonation
reactions occur at higher temperatures
and pressures, further necessitating
the use of nickel alloys.



Ethanol production

“Today, almost all
of the existing fuel
ethanol plants use either
$30400 (8% nickel) or
$31600 (10% nickel).”

KEY FACTS

> A single wind turbine generally
contains 500 kg of nickel.

> A typical nuclear reactor uses up
to 20 different nickel alloys.

> Nickel is used in new energy
solutions such as fuel cells,
concentrating solar power,
and cellulosic ethanol.

E Nickel in Society







Promoting =
Sustainable
Development

The production and use of nickel
supports quality employment and
generates wealth on six of the
world's continents. At the same time,
the state of knowledge about nickel
in relation to human health and
the environment has never been
higher, and neither has the industry’s
commitment to the management of
nickel throughout its life cycle.



The widespread use of nickel, nickel
alloys and nickel technology generates
an enormous range of important socio-
economic benefits.

Nickel is mined, produced and recycled in
all of the world’s continents (except for
Antarctica), providing direct wealth
and jobs to people around the world.
The nickel value chain also indirectly
creates wealth and jobs through the
manufacturing of different alloys and
nickel-containing materials, to the
eventual end-products bought and
used by consumers.

For the EU and its citizens, the total
value added by the nickel industry and
its value chain to the economy is
estimated to be in excess of €80-100
billion, of which around €50 billion is
generated by industries and applications
that are critically dependent on nickel.
The number of jobs supported by the
nickel value chain is estimated at
between 1.25-1.50 million in the EU.
Of these, an estimated 690,000 jobs
are critically dependent on nickel.
Many of these jobs are highly skilled
manufacturing jobs.

For more details on the socio-economic
impacts of nickel in different regions,
please refer to the Appendix.

Beyond nickel’s enormous contribution
to society, the nickel industry is also
committed to ensuring the responsible
management of nickel and nickel-
containing materials throughout their
life cycles. The industry seeks to
minimise and effectively manage any
potential adverse impact on society
and the environment.

Nickel, together with a number of other
metals, including copper and zinc,
has been thoroughly assessed by the
EU for risks to human health and to
the environment. The Nickel Risk
Assessment programme was concluded
in 2008 and determined that nickel use
does not pose undue risk to humans or
the environment when used according
to EU health and safety guidelines.

The nickel industry welcomes all
appropriate regulation that is based on
sound science and risk management and
it has contributed towards building this
scientific foundation. For example, the
nickel industry contributed extensively
towards improving environmental risk
assessment methodology for metals.
While the previous method relied on
worst-case assumptions without

proper scientific support, the improved
methodology helps both industry and
regulators. As a result, the Nickel
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Safe use of nickel in the workplace

Environmental Risk Assessment was
recognized by the OECD as “a huge
step forward for science-based decision
making.”

The Nickel Institute is equipped with a
broad knowledge base and regularly
publishes information promoting the
safe use of nickel. In 2007, it created a
Consortium to facilitate the exchange
of information between the various
stakeholders along the nickel value
chain. Through the Consortium, the
Nickel Institute also provides cost-
efficient management tools for the
implementation of the European Union
chemicals regulation, REACH
(Registration, Evaluation, Authorisation
and Restriction of Chemicals).

For more information on
the Nickel Consortium, please visit
http://www.nickelconsortia.org/.




Promoting Sustainable Development = 8

Product Stewardship

The nickel industry gives a high
priority to promoting sustainability
and managing the environmental
and health impacts of nickel and
nickel-containing products.

To support this commitment, the
Nickel Institute created its Stewardship
Programme in 2001, a proactive
programme that encourages best
practices and informs people about
nickel-related hazard and risk
mana-gement throughout the life
cycle of the metal.

The Programme includes a variety of
initiatives. For example, the Nickel
Institute engages with dermatologists
and regulators towards developing
appropriate standards associated
with reducing the incidence of nickel-
allergic contact dermatitis. At the
other end of the spectrum there is the
Nickel Life Cycle Inventory (LCI) —a tool
that quantitatively analyses the
environmental impacts of primary
nickel products. The Nickel LCI data are

What is Risk Assessment?

critical in helping the nickel industry
and its many stakeholders understand
the environmental impacts of nickel-
containing products. For more details
on the Nickel LCI, please refer to
the Appendix.

The success of these stewardship
activities demonstrates the nickel
industry’s commitment to pursuing
sustainability.

KEY FACTS

> An estimated 690,000 jobs in
the EU are critically dependent
on nickel.

» The nickel industry has a history
of active contribution toward
risk assessments.

» The Nickel LCI data is used in
studies that compare the
environmental profiles of
different material choices.

“Over 200 studies
initiated by the Nickel
Institute have resulted
in peer-reviewed
publications in

the scientific
literature.”



ABOUT THE NICKEL INSTITUTE

The Nickel Institute is a non-profit organisation that represents
the interests of more than 20 companies which together
produce about 9o% of the world’s annual nickel output.
On behalf of its members, it promotes the production,
use and re-use of nickel in a socially and environmentally
responsible manner.

This is achieved through: promoting sustainable production and
usage, advocating and developing rigorous scientific research,
developing partnerships through the value chain, proactively
engaging with stakeholders, maintaining transparency and
integrity in all our business relationships and working to earn
the trust of our stakeholders.

The Nickel Institute provides a responsible, united voice for the
global industry and works with other international metals
associations and stainless steel development associations to
develop and promote the safe use of nickel around the world'.

It pursues market development through a worldwide network of
highly qualified specialists, offering free technical knowledge
about nickel, its properties and uses, to ensure optimum
performance, safe handling and use®.

The Institute actively initiates and funds scientific research
programmes to examine the role of nickel in human health and
the environment. It is committed to supporting scientifically
rigorous research and promoting general awareness of the
care required in the production, handling, use, and disposal
of nickel .

The Nickel Institute shares its knowledge about nickel freely and
strives to ensure that rigorous scientific research is used as the
basis for regulation of the nickel industry and its user industries.

1. www.nickelinstitute.org
2. For a technical version of this brochure, see:
“The Nickel Advantage — Nickel in Stainless Steel”, 2008

3. See for example: “Safe Use of Nickel in the Workplace”, 3rd edition, 2008.
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