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Abstract

The designer is faced often with questions of material selection. To answer these, functional requirements must always be
met, and second the cost constraints of the project must not be exceeded, and preferably they are minimized. Sadly, once
the functional requirements are met, and the costs minimized, the selection process usually ends. By taking a life cycle
analysis approach, the environmental impacts of a particular material can be assessed properly. If this were the third
criterion, one could expect that environmental impacts like carbon emissions, energy requirements, and toxic emissions
would all be minimized. But will these efforts result in sustainable material use? In this article we postulate that the
additional question of whether a material can be recycled repeatedly without degradation, or cycled at a sustainable rate
through nature (for example, by composting), is the most significant question to ask when assessing the sustainability of a
particular material. Because economic considerations are often held paramount, it is common to select non-recyclable
materials that are eventually discarded. These non-recyclable materials must be acquired as primary resources, and all
the technologies required to obtain, process, and use these materials must be developed. When finally scarcity renders it
economically prohibitive to extract, the effort and energy put into developing its use will have been wasted. This paper
considers the long term life cycle cost of non-recyclable and recyclable materials. The results suggest that future
designers avoid the use of non-recyclable materials in order to minimize environmental and economic cost over the long

term.
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1 INTRODUCTION

Everyday designers are faced with questions of material selection.
Some of these decisions seem predetermined simply because a
particular material is traditionally used for a given application. In
other instances it is the client or customer who requires a specific
material. But when the decision is left to the designer, how do they
choose?

The first thoughts are likely to be of the functional requirements.
Does this material have the ability to be shaped as needed? Will it
have the necessary strength and resilience to survive the
environment in which it will be used? Is it light enough? When there
is enough flexibility in the design it is often the case that several
possibilities satisfy the functional requirements, and then costs
begin to factor into the equation. Which materials are the least
costly, both initially and also once the cost of manufacturing is
included. Figure 1 illustrates these.

If the functional requirements are met and the costs of both the
material and manufacturing are minimized, the process of material
selection often ends. It is essential that the selection process not
end here because ultimately material choices affect sustainability.
And, it can be argued that the state of our current and future energy
supplies suggest the need for a rapid transition to a sustainable
existence. The materials we choose require energy to extract,
process, and manufacture.

In 2010, approximately 12,717 million tonnes of oil equivalent,
(Mtoe), or 148PWh of energy was produced by humans and used in
the world. This figure is the total primary energy supply (TPES) as
determined by the International Energy Agency (IEA). In the same
year the total final consumption (TFC) was approximately 8,677
Mtoe. The difference between these two numbers is a result of the
energy consumed in the production of fossil fuels. That is “backflows
from the petrochemical industry are not included in final
consumption.” [1] And so only about 68% of the energy supply was

consumed for the reason the energy was collected in the first place.
In 1973 the TPES was 6,107 Mtoe, and the TFC was 4,672 Mtoe,
which results in 76% of the energy arriving at its end use.
Apparently, our energy supply is getting less efficient despite
advances in technology, and this is due in no small part to the
increased difficulty of extracting fossil fuels that require more
refining, from locations that are more difficult to access. As of 2010,
over 81% of our energy supply worldwide was fossil fuel based [1].
We are already using almost one third of our energy supply in an
effort to provide energy. The strain will only be greater in the future.

‘ Function. f(strength, weight, and corrosion resistance) ‘

Optimise

‘ Economics, f(expense, fashioning into the required form) ‘

2
Optimise

| Sustainability, f(environment, economic, society) |

| Recycling of Material Sustainable? |

Figure 1: Product optimization process.

Similarly, materials like copper require greater efforts to extract
when it can only be found at lower concentrations than in the past.
Transitioning from a scarce material to one that is entirely
recyclable, or in the case of copper simply ensuring we can recycle
it instead of needing to extract it, will require effort and energy.
According to some research it will be disruptive to make changes to
material use if it requires more than about 3.5% of the global energy
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supply [2]. With the need to transition our energy supply to sources
other than fossil fuels, and the need at some point to transition each
and every material that cannot be sustainably used to those that
can, those 3.5% of global energy supply will be quickly used. It is
therefore vital that we make these changes as soon as possible.

If designers use materials that are sustainable, there will be greater
need and demand for them. The infrastructure needed to provide
larger quantities will be built and the technology surrounding these
materials will be developed. Not only will environmental impacts be
reduced in the short term, but paying the overall cost of the
inevitable transition should be less disruptive because it occurs at a
time when energy is available.

2 SUSTAINABILITY

In modern society, a primary concern of must be sustainability. The
definition for sustainability is derived from the one published in the
1987 United Nations study headed by Brundtland [3], where the
word design is substituted for development: "Design that meets the
needs of the present without compromising the ability of future
generations to meet their own needs”. This includes the three pillars
of sustainability and the interaction of Environment, Economics and
Society. The three pillars are illustrated in figure 2.

21 Environment

The environmental pillar includes: maintaining diverse ecological
systems, renewable energy, reducing fossil fuel consumption and
emissions, sustainable agriculture and fishing, organic farming, tree
planting and reducing deforestation, recycling, and better waste
management.

2.2 Society

The pillar for a sustainable society is controversial and is discussed
by Kates [4]. They find peace, freedom, development, and the
environment to be prominent issues and aspirations. The foregoing
now include: peace, social justice, reducing poverty, and ideals that
promote social equity as listed in figure2.

Some companies [5] have taken this further by placing an emphasis
upon the following:

e Decent/ Fair Wages Health & Safety
e Working Conditions

e Standard of Living

e Security and Stability

e Empowerment

e  Community Cohesion

e Human Capital

e Diversity and Gender Equality

e Health & Well-Being

e Cultural Heritage

23 Economic

The basis of economics is consumption and collaboration; hence
this pillar includes a managed, sustainable economic model that
ensures fair distribution and efficient allocation of our resources for
purposes of consumption. This pillar ensures that economic growth
maintains a healthy balance with ecosystems. Can free enterprise
operate sustainably? Yes it can with the proper ground rules in
place, which take the foregoing two pillars into account.
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24 Products

Products are not limited to engineered products as envisioned in
CIRP [6]. The first notion of sustainability came from agriculture and
biology with the book by Rachel Carson [7]. Products range from
agricultural, to biological, to chemical, to mechanical, to electrical,
etc. In fact, any product has some element of sustainability
associated with it.

Buildings are also products and every building product has
environmental, economic, and social impacts. These impacts occur
at all life-cycle stages in multiple ways and on local, regional, and
global scales. Building products now have their own ASTM
standards [8], based upon ISO 14040: “Sustainable development is
a scientific and technological endeavor that seeks to enhance the
contribution of knowledge to environmentally sustainable human
development”. An example of materials is cement, which is an
important building material and is recognized as a major carbon
emitter in energy in production [9]. It accounts for around 5% of
global carbon dioxide (CO;) emissions [10] and is the second most
consumed product globally, after water.

Sustainabilfty

Three pillars of sustainability

Environment, Society, Economics,
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Figure 2: The Sustainability Umbrella, with the three pillars of
sustainability.

Important product impacts include material use and energy
consumption. Use is concerned with material scarcity, product EOL,
recycling, energy and the three stressors: solids, fluids and gasses.
The six main air pollutants (non-global warming effects), called
“criteria pollutants™ are: ozone, particulate matter, carbon monoxide,
lead, nitrogen oxide and sulphur dioxide (affects lungs and is in acid
rain). Effects are [10]: ozone (damage to lungs), particulate matter
(PM affects heart and lungs), carbon monoxide (organs and brain),
lead (nervous system, kidneys, immune system), nitrogen oxide
(lungs and associated with PM and ozone) and sulphur dioxide
(affects lungs and is in acid rain). Some of these are also contribute
to global warming.

25 Defining Sustainability of Materials

The following definitions are needed for clarification. Many books
[11, 12], reports and papers talk about product, the environment and
impacts without giving a clear definition of the environment. Even
SETAC in its definition of Life Cycle Assessment [13] talks about the
environment without defining it. Documents such as the EU
Directive 2011/92/EU on environmental impact assessment also do
not have a definition.
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A broad definition is: the natural environment, encompassing all
living and nonliving things occurring naturally on earth. However,
this is too general and because this paper deals with resources and
a wide range of potential impacts, reference is made to a study
which had a major impact upon development of a one million square
kilometre area in 2004 [14].

Environment

We define the environment as follows: the components of the
Earth including (a) land, water and air, including all layers of the
atmosphere; (b) all organic and inorganic matter and living
organisms; and (c) the interacting natural systems that include
components referred to in paragraphs (a) and (b) [14].

Impact Upon the Environment

Any effect on land, water, air or any other component of the
environment, as well as on wildlife harvesting, and includes any
effect on the social and cultural environment or on heritage
resources [14].

The following are areas of physical and chemical effects:

Ground water.

Surface water.

Noise.

Land.

Nonrenewable natural resources; including resource
depletion.
Air/Climate/Atmosphere.
Vegetation.

Wildlife and Fish

Habitat and communities
Social and economic.
Cultural and heritage.

Environmental Impact

Environmental impact is usually framed in terms of sustainability,
which can have many interpretations. Even the EU Directive
2011/92/EU on environmental impact assessment does not have a
definition of environmental impact. The business directory [15] gives
the following definition: possible adverse effects caused by
development, industrial or infrastructural projects or by release of a
substance.

Environmental Impact Assessment [16] is the process of identifying,
predicting, evaluating and mitigating the biophysical, social, and
other relevant effects of development prior to major decisions being
taken and commitments made.

Irreversible Processes

Many materials are obtained via extraction of a resource from our
environment. In the case of fossil fuels it involves extraction, refining
into a form that we can use, and then burning of that fuel to use the
energy contained within it. The last process is irreversible, and
makes fossil fuels a non-sustainable source of energy. That is to say
that at some point it will no longer be feasible to extract fossil fuels
in order to supply energy.

Dispersion

Fertilizer use is a prime example of a mineral dispersion system
deployed at the global scale. Phosphorus in particular is mined in a
number of locations around the world where it occurs in
concentrations that make mining economically feasible. It is then
transported everywhere there is agriculture, and it is spread about to
nourish crops. Unfortunately, the phosphorus is not recovered. It is
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instead dispersed in the soils, waterways, and surrounds. This
process cannot continue as it will result in the eventual dispersion of
all the available phosphorus deposits and we will no longer be able
to collect and utilize what is an abundant mineral for modern
agriculture.

These are the cases one would aim to avoid. Using materials in a
manner that makes it impossible to recover them for future use
either by chemically changing them or by dispersing them is not
sustainable. Therefore sustainable material use is to utilize while
ensuring it can be infinitely recycled without degradation or
irrecoverable dispersion. This is the ideal. It may not be achievable
in all circumstances, but especially for some metals it seems at least
theoretically possible to have nearly 100% recycling rates. [17]

3 MATERIAL SELECTION METHODOLOGY

It is suggested that when selecting materials, three requirements are
fulfilled and optimized. These are:

1. Function: strength, weight, food-safety, corrosion, etc;
2. Sustainability;
3. Cost Minimization.

The first and last items are nearly always considered. It is the
second that we will observe.

31 Life Cycle Assessment

Life cycle assessment is commonly applied with a temporal scope,
including only the life of the product. The environmental impacts of
mining, manufacturing, transporting, using, and recycling/disposing
of that product are calculated and reported. Whether the materials
that comprise the product are recyclable or not, will impact the
analysis, but it will not guarantee sustainability. It is proposed that
sustainable material choices will yield the lowest environmental
impact in the long run.

By extending the term of a life cycle analysis to include the impacts
of choosing materials that will in the future have to be replaced, we
can show that the environmental cost is greater than choosing a
material that can be used in perpetuity.

Resource depletion is an obvious consequence. The depletion will
occur faster without recycling. If there were 100% recycling then
resource depletion would stop.

This is an obvious consequence of either action or inaction.
However, there are unknowns, such as discovery of new deposits
through geologic exploration. A case in point is the discovery of
chromite in the “ring of fire” in Northern Ontario [18]. With this
discovery, the supply of chromium changed. Overnight, Canada
suddenly had an estimated 10% of the world’s chromium supply.
Discoveries such as this one are obvious “game changers” in terms
of raw material supply availability.

No mines have been started at the foregoing location, but questions
posed earlier in this paper are raised. For instance, considerations
include the three sustainability issues of environment, economics,
and society: 1) first is the energy needed to extract these resources
(transportation, equipment operation, road or rail); 2) economic (is it
viable?); 3) environment (how destructive will it be, how widespread
will it be and can the end result be a renewed landscape with
negligible impact?); 4) Will there be an employment benefit to
society? 5) will aboriginal peoples claims to land use and the
associated opportunities be respected? (society); 6) can the mined
chromium be recycled for future use?
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3.2 Materials, Cost, Complexity, Consumption, Environment,
Energy

The challenge in design is to connect, optimally, product complexity
(no. of parts), materials, cost, consumption (product & energy),
carbon emissions, manufacturing, and environment. It is an
optimization process.

Product complexity is important and economists define it as: an
assessment about the number of components in a product [19]. In
this paper it is proposed that a more extensive definition includes:
material, number of parts, shape, size and energy needed to
produce a part or product.

Since the industrial revolution the number of parts in a product often
increases dramatically with time, as can be seen in figure 1. Once
introduced, and accepted by markets, product complexity increases,
with the number of parts in a product increasing exponentially in
most cases. This is one factor in product complexity; however other
factors also play a role.

As a product becomes more complex, materials often change. This
can mean increased energy needs where the shape and size will
also contribute to the amount of energy expended. Additionally, as a
product becomes more complex the value added will increase. If
energy needs increase, costs will also increase. Design for
assembly considerations also come into play, with a goal being
optimization, including the reduction in the number of parts, thereby
reducing costs and hopefully energy consumption and emissions
[20,21]. Often the foregoing is all optimized with one goal, to
maximize profitability.

Product complexity plays a major role in determining if a product is
worth disassembling (recycling) [22], especially with respect to
reuse of part or all of a product, including materials. Usually it is the
financial worth of the material content that is attractive. Ultimately,
the financial benefit in disassembling and reusing, and/or recycling
all or part of a product and its materials, will determine the EOL
strategy for that product.
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Figure 3: Increasing product complexity, as defined by the number
of parts per product.

Products have become increasingly complex since the industrial
revolution, as shown in figure 3. Energy supplies have changed,
manufacturing is more complicated and automation has enabled
mass production with increased efficiency and increasing energy
needs and emissions. It is obvious that as a part is made,
repeatedly, the energy consumption increases and the carbon
emissions (carbon footprint) from manufacturing that part or product
becomes an important factor. There will be increased carbon
emissions, and water use which is also becoming a concern.
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Economics is important in complexity: if it is not economical to
produce a product because of complexity, it will not be
manufactured. Hence marketing and customer requirements are
important factors. Production cost will also have a major effect upon
producing a product economically.

3.3 Examples of Products, Materials and Energy needs

The following looks at how products have material requirements
where there is a potential to for materials to become scarce. In the
following computer chip technology, Lithium batteries and
photovoltaics (PV) are considered.

Computer Chip Technology

Computer chips are an example of new products coming to market.
Figure 4 shows Moore’s Law [23]. Silicon is the base material for
computer chips, hence there is not a shortage in sight. Small
amounts of gold are also used, but it too will be available in the
foreseeable future, although expensive. The trend shown is linear.

The life cycle of Intel chips is shown in figure 5, indicating an
increase in the production of units with time. So although material
needs can be supplied, production energy is increasing.

Although there is not any concern with material supply, there is
concern with energy needs for production and energy use [24][Low-
tech, 2012]. As with any process, energy is required to produce pure
silicon for computer chips. The energy used in producing nine or ten
computers is enough to produce one automobile [22], which is 973
GJ per average sedan [25], or 97.3 GJ per computer, for which a
major portion is for silicon production. 43% of the pure silicon
crystal used in the process becomes part of the chip [22], hence
approximately 41.8 GJ. If used for 12 hours per day, every day, for
five years, a laptop using an average of 50W would require
1,095kWh or 4 GJ of energy over its lifetime. Corkish [26] shows the
energy consumption to produce electronic grade silicon is in the
range of 200 kWh/kg to 50 kWh/kg. It can be seen that although
energy needs to produce electric grade silicon are decreasing, the
production quantity is going up, increasing the total energy
requirements.
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Figure 4: Moore’s Law [23]

Waste in production goes to either PV cells or is recycled. As
indicated in source [22] there are four stages to silicon chip
manufacture: Raw Material Extraction; Material Production; Part
Production; Assembly. 1) Raw Material Extraction: inputs, outputs
and processes required to produce a supply of energy and silicon,
including mining of materials. 2) Material Production: inputs, outputs
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and processes to produce crystalline silicon, including the
crystallization of purified liquid silicon. 3) Part Production: inputs,
outputs and processes to manufacture a chip, including etching
circuits on a silicon wafer.4) Assembly: inputs, outputs and
processes to produce the final packaged chip, including the plastic
or ceramic case with metal pins that encases the chip.

Life Cycle for Intel products
Source: Siemens Review, 1999
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Figure 5: Life Cycle of Intel Processors [37].

Lithium lon Batteries

Batteries have changed dramatically over time. The development of
the modern battery coincides with the start of the industrial
revolution, with the original batteries consisting of a galvanic cell
made of zinc, copper and brine in the first iteration [27]. Over time,
materials have changed, making them more efficient and smaller,
ending up in 1949, with compact, portable alkaline batteries which
are now ubiquitous. It is interesting to note the first solar cell in
1954, called a battery, is an offshoot of battery development [28];
this is discussed later. The materials used in batteries, up to that
time, were commonplace and not thought of as scarce or strategic
(materials critical to a supply chain). Material changes include: zinc-
carbon, nickel-cadmium, nickel-metal hydride, iron-phospate,

aluminum, cobalt oxide, etc [29].
Product
million tonnes ion
Lithium carbonate reserves, 2008,
million tonnes 2010

Lithium carbonate reserves, 2008,

Brine Mineral Mixed Tonnes
1.86 2,200
1.17 4,400
28.7
Bolivia 4
4.84
Canada 1.92
159
7 7,400
China 5.86 2,300
Zimbabwe 0.14

Table 1: Li Reserves, 2008 [38].

587

A change came about with the introduction of Lithium, because of its
lightness and ability to deliver high current densities. Lithium is now
an important battery material. Lithium alloys can store the greatest
electrical energy per unit volume of any rechargeable battery
technology [30]. They have long discharge-charge cycle lives, for
longer times and give higher current densities when needed.

It is used in a variety of other products. It powers around 90% of
laptop computers [30] and it is predicted that the demand for lithium
will increase as shown in figure 6 [23].

In 1976 it was estimated there were 10.6 million tonnes of elemental
lithium. Twelve years later, in 2008, estimates had changed to 28.4
million tonnes Li equivalent and to more than 150.0 million tonnes of
lithium carbonate of which nearly 14.0 million tonnes lithium (about
74.0 million tonnes of carbonate) are at active or proposed
operations [27]. Table 1 shows estimated Lithium reserves as of
2008. A third source, hectorite clays, has been identified but
production methods have not been proven [31].

Wh
E' Trend: Rechargeable battery capacity
400 ! !
forecast =======
300 new Li technology , Y
I
200 Li-ion/poly -~ =
100 NivH_| =1 4 -
o L[ Nicd] R
1970 80 a0 2000 10 15 20 year

Figure 6: Predicted changes for lithium batteries [23].

Lithium has an embodied energy of 853 MJ/kg and carbon
emissions of 5.3 kg CO2/GJ [32].The energy needed to mine
Lithium depends upon whether it is brine or mineral. Because brine
is like a combination of sand and liquid, it is easy to see that it is
much simpler and more economical to use as a source [31]. The
major energy component is in pumping the brine to solar pounds
where evaporation yields Lithium carbonate and Lithium hydroxide.
Note that up to 50% of the lithium in used batteries may be recycled
in the future.

Photovoltaic Materials and Increasing Efficiency

There is competition to develop the most efficient PV solar cell, as
shown in figure 7. Materials that play a role in the PV cells are:
e Silicon, Si, semiconductor;
e Gallum Arsenide, GaAs,
arsenic;
e Cadmium Telluride, CdTe, thin film solar cells, 12%
efficiency in 2012 [33]. Cd is a known toxic heavy metal [34];
e Ternary chalcopyrite, Cu(ln, Ga)Se,, thin film solar cells,
11.4% efficiency in 2011 [35]. CdTe systems have the
smallest carbon footprint of any PV technology.

semiconductor, gallium and

None of these materials is in danger of becoming scarce, however,
there are other potential problems. Gases like nitrogen trifluoride, or
NF3, is a greenhouse gas 17,000 times more potent than carbon
dioxide. NF3 is commonly used in the manufacture of electronics
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and some solar panels [29]. In 2009 it was found NF3 levels were
increasing at 11 percent each year, although the cause is unclear.
Production of some other panels involves another gas called sulfur
hexafluoride — the most potent greenhouse gas known to science.
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Figure 7: Changes in efficiency for PV cells [39].

3.4 Predicting Future Shortages

Predicting the future is risky at the best of times. Farmer and Trancik
[36] conducted an extensive study in predicting trends for modern
technology, using financial data. In the case of new technologies,
where there is no historical data to extrapolate, forecasting the
future is likely to be less certain, than technologies with track
records of steady improvement, such as the Ford model T.

For the foregoing cases, one for PV cells and the other for Lithium
use, trends indicate PV cells are likely to become more efficient, and
in the case of batteries, Lithium use is likely to increase [23]. Hence,
the materials necessary to manufacture PV cells, silicon and its
doping materials, and Lithium to make batteries will become more
necessary. In the one case, PV cells, there is not a potential
shortage of material sources, but the process is toxic and requires
considerable quantities of energy for manufacturing. Recycling may
be a necessary alternative to keep energy needs lower.

However, Lithium is another case altogether. Energy needed to
mine brine deposits and to produce commercial quantities is
minimal. However, sources of Lithium brine are in finite supply,
therefore a different approach is required. For reasons of potential
scarcity it may be necessary to embark upon recycling Lithium.

So recycling is necessary for two different reasons, one to decrease
energy use, and control toxic elements, the other for reasons of
potential scarcity.

4 GENERAL DISCUSSION

Materials have generally been abundant since the industrial
revolution. However, since the industrial revolution circumstances
have changed considerably with much larger populations, increased
complexity of products and more intensive use of resources, and
with the advent of increased consumption there is a potential of
depleting resources that contribute to environmental impacts and
but are also important to decreasing environmental impacts. For
instance, Lithium, whose alloys can store the greatest electrical
energy per unit volume of any rechargeable battery technology [27]
for longer times and give higher current densities.

A. Szekeres and J. Jeswiet

Therefore choosing materials for a design has become much more
complicated. To decrease the future impacts a designer must do a
Risk Assessment and conduct a Due Diligence with respect to the
goal of sustainability:"Design that meets the needs of the present
without compromising the ability of future generations to meet their
own needs”. This includes choosing materials, the potential future
scarcity of materials, toxicity in production and the energy expended
in extracting those materials.

A list of concerns from Risk Assessment (RA) includes:

Scarcity
e Has resource consumption been optimized?
e Are closed loops being used?
e |s a material continuously recyclable?
e s there a finite supply of a critical material such as Lithium?

Potential scarcity requires an assessment of economic
supply, and what will happen if economically attainable
Lithium is depleted.

e Does the design include few, simple, recycled, unblended
materials?

e Does the design include: recycling, and proper labelling;
modules and breakpoints, and understandable and
thoroughly explicit manuals?

Environment

e What is the trade-off between scarcity, pollution and
toxicity?

e [s the material being considered a toxic substance as
defined by the local legal jurisdiction? Although exposure to
toxic materials is controlled locally, it becomes a
moral/ethical question if requirements are less stringent in
areas such as developing countries. Or if it concerns an
area in a developed country where the remote possibility of
jobs overrules local objections due to unemployment. This is
a risk assessment problem. What is a population willing to
risk to have full employment?

e Has material durability been designed into products which
have significant environmental impacts, outside the use
phase?

e Does the design include structural features and higher
quality materials, to minimize weight, without interfering
with the product: flexibility, impact strength or functional
properties?

e Does the design use better materials, surface treatments or
structural arrangements to protect products from dirt,
corrosion and wear?

e What are energy requirements for recycling a material?

Non Material Specific Questions Include

e Does the design use the minimum joining elements
possible, and use screws, adhesives, welding, snap fits,
geometric locking, etc. according to DFMA guidelines.

e Is minimization of packaging implemented?

e Have social implications been considered?

e Has energy consumption been optimized in production and
transportation?

e Have energy and resource consumption been minimized in
the use phase; especially for products having significant
environmental impacts in use?

e Have easy repair, maintenance and upgrading been
implemented?
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Scarcity and energy waste are the two factors discussed in this
paper. It has been shown that trying to predict material scarcity and
price are difficult to ascertain. Material price is subject to market
forces which can only be observed.

In order to be informed about potential scarcity problems and the
risks involved, access to an inexpensive database with a few very
simple indicators is needed.

5 CONCLUSIONS

Choosing materials in the design phase, their potential scarcity, and
the energy wasted in not recycling a material, in place of using virgin
materials has been discussed.

Predicting which materials can potentially become scarce has
become critical given the rate of consumption in our modern society.
It is paramount to use potentially scarce materials judiciously and at
the same time reduce emissions. How this is addressed needs to be
determined.

Two cases concerning potential material scarcity, one for PV cells
and the other Lithium batteries have been considered. Lithium brine
deposits are scarce and their supply needs to be nursed until
appropriate recycling technology is in place. This is because
Lithium-ion cells are being viewed as a solution to storing energy
from renewable sources. PV cells have adequate supplies of
materials, but energy needs are high and toxic elements are present
in manufacturing. Both energy and toxicity are important.

Although predicting the future in the case of new technologies is
risky, it is an important endeavour in modern society where there is
a potential for scarcity and increased emissions.
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