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Abstract

The mobile phone industry is based upon the rapid development of handsets and the high turnover of
devices in order to drive sales. Phones are often used for shorter periods of time than their designed life
and when discarded it is often through channels that result in lost resource. This unsustainable business
model places strain on resources and creates adverse environmental and social impacts. Through
interrogation of a stocks and flows model, a product-service system (PSS) for a small consumer electronic
device, a mobile telephone is proposed. The points at which value may be extracted from the PSS are
identified. A quantitative measure of value is proposed in order to allow the evaluation of the most
appropriate time to extract it. This value is not solely monetary, but is derived from the combination of
indicators which encompass environmental, economic and technological factors. A worked example is
presented, in which it is found that the precious metals within the phone are the main determinants for
value extraction. These metals are found in the printed circuit board, leading to a requirement to design

phones for ease of extraction of these components in order to access the value within.

1 INTRODUCTION

The mobile phone has become a ubiquitous technology
which the consumer has embraced as part of their
everyday lives with enthusiasm. From their introduction in
the early 1980s, the mobile phone has undergone a
constant and rapid development, increasing in processing
power and device capability whilst reducing in physical
size. However, their swift advancement has led to a legacy
of waste and lost resource in which consumers are
incentivised to replace their phones before an end of life
driven by product failure and absolute obsolescence [1].
Furthermore, the high turnover of phones is exacerbated
by the lack of drivers to return phones through appropriate
channels for recycling [2]. Instead, the old, replaced
phones are often kept by the consumer and left unused in
storage, or hibernation [3]. At the start of hibernation the
mobile phones have a technological and monetary value
which could be extracted through reuse in secondary
markets, but at the end of hibernation, they have often
decreased in value so much as to be worthless to the
consumer and business [4]. Due to their small size, many
often end up in landfill, their value essentially lost. The
situation may be further exacerbated when phones are sold
for reuse: they may be sold or donated to lower value
markets in developing countries where the recycling
infrastructure is not in place to allow for effective
collection at end of life [5].

All of the above factors combine to create a leakage of
precious resource and a loss of value during the products
potential useful lifetime as well as a negative
environmental and social impact, from pollution from
landfill and the constant need to replace the materials from

virgin sources, when recycling would be
environmentally efficient [6].

more

This paper will explore the value contained in phones and
what ‘value’ means in the context of developing a
sustainable product-service system business model.
Further discussion will be given on the methods which
may be used to maximize the capture of value and at what
stages of the product’s life cycle it can be best extracted.

2 STOCKS AND FLOWS
2.1 A system-based approach

The current mobile phones business model is built around
the concept of maximising flows; producing and selling as
many handsets as possible within a given period of time.
The more phones a business can sell, the more successful
it is. This flow can broadly be defined as the movement of
handsets from the manufacturer, through the consumer(s)
to the eventual disposal route, e.g. land fill or recycling.
With consumer demand typically satiated by replacement
with a new handset that has been manufactured by mining
evermore virgin material and with relatively few phones
returned for recycling, resource is commonly lost at the
end of the life cycle [7][2]. This is not a resource efficient
business model and in a world with finite size and mineral
reserve, this is clearly not a sustainable solution. In Europe
the Waste Electrical and Electronic Equipment (WEEE)
Directive [8] has gone some way to alleviate the flow of
electronic waste to landfill, but it is not perfect, with
loopholes being exploited to enable export of waste to
markets with informal recycling [9], creating deleterious
implications for environmental and human toxicity [10].
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An alternative approach to improving resource efficiency
is to consider a system based upon maintaining the quality
and quantity of stocks [11]. In this approach the phones in
use are considered a stock which must be maintained
through the careful management of flows around the
system in order that they are utilised most effectively for
an appropriate length of time. The stock is maintained at
sufficient quality by multiple levels of intervention, for
example reusing the stock as is, without modification, if it
is still able to perform its function adequately. Reuse of
whole phones can be supplemented by reuse of
components and remanufacture of phones to optimise the
effective time that each part may be used. Finally,
recycling the materials to ensure closure of the economy
can reduce the burden on virgin stock by minimising
extraction.

Fig. 1 shows a possible mobile phone stock and flow
diagram. The stock of phones, S, is maintained for a time
period, 7, by channelling the phones returned to the
manufacturer through the reuse or remanufacture loops.
Those that cannot be reused are sent for component value
assessment and disassembly. Parts of the phone that may
be reused are directed to a stockpile of components,
whereas those that cannot are reprocessed and recycled.
The recycled material is fed back into the manufacturing
process and used to reduce, but not eliminate, the quantity
of virgin material required: the mobile phone market is
growing, plus the recycling loop is dissipative, so there
will always be a requirement for additional ‘new’ flows
into this system. However, this new systemic approach
should minimise this resource burden. Given the
technological advance of mobile phones, the stockpile of
components will only have a given shelf-life before
becoming obsolete. Once obsolete, they too are returned
for reprocessing and recycling or possibly exported to a
lower value market in which they still have worth. At all
steps there will be inevitable waste which exits the system
(dashed lines). The waste is seen as an imbalance in the
flows into and out of the stock. An example of this is the
waste flow from remanufacture; the waste is the
components which are replaced. A flow of equal
magnitude is required from the stockpile of components to
balance this out.

If a strategy of prioritising virgin stock use is pursued,
with reprocessed material making up the shortfall in
supply, the effort in reusing the components becomes
disproportionate. This leads to a simplified version of Fig.
1 in which the obsolete stock feeds directly into the
reprocessing.

Additionally, each pool of stock requires an intervention,
denoted by an i (blue text), in order to be maintained.
These interventions take the form of input into the stock,
such as labour or energy, and emissions, for example the
greenhouse gases associated with energy production. At
each point the appropriate level of intervention must be
calculated to ensure an efficient use of the stock.

The flow of stock is divided at certain points into
fractional flows. These fractions are indicated by the
parameters, f7, f> etc. Each of the fractions are dictated by
the stock into which the flow is feeding. For example, the
flow of material into the manufacturing process from
mining virgin material, (1-r;)(1-r;-u;)p, is dictated by the
difference between the flow required to maintain the
stock, (1-rj-u;))p and the supply of reprocessed and
recycled stock available, ry(1-r;-u;)p. The assessment of
the fractional flows between the stocks leads to an
understanding of the sustainability of the entire system. To
achieve a targeted sustainable level may itself lead to the
definition of desired values for f;, r; and u;.

2.2 Product-service systems and stocks and flows

PSSs provide a business model whereby the function or
value that satisfies consumer needs becomes the focus of
business moving away from “designing (and selling)
physical products only, to designing (and selling) a system
of products and services which are jointly capable of
fulfilling specific client demands” [12]. As illustrated in
the PSS proposed by Wilson et al. [13], it is not necessary
that the hardware of an electronic device be owned by the
consumer, indeed, the hardware, including circuit boards
(PCBs), chips (ICs) and other electronic components, can
be leased as part of a service to the consumer due to their
low intrinsic emotional value. The emphasis of the PSS
and the system, therefore, can shift from producing more
hardware towards maintaining the hardware in use, which
may be regarded as one method of retaining the quality
and quantity of the stock. Logically, the most effective
businesses operating PSSs are the ones that can provide
the service with the most efficient maintenance possible,
therefore, PSSs are suited to the stocks and flows model
through their use of effective design to ensure reliability,
ease of maintenance, reuse and remanufacture of devices
through the carefully planned application of labour.
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Fig. 1 Stocks and flows system of a mobile phone.

The analysis of an effective stock and flow model can
inform the development of a PSS by identifying the points
in the process where a decision must be made and hence



the behaviour of the participants in the PSS. A decision is
distinct from an intervention: the latter is an impact
incurred through maintaining the stock; the former dictates
through which channel the flow is directed. The decision
points are indicated in Fig. 1 by red Q’s. The decision
points will not only inform and shape the consumer
interaction with the service, but will also inform and direct
the flow of components through the loop which will allow
the best extraction of value.

In order to make the best decision possible, the sustainable
value of the phone and constituent components must be
understood at points in both the stock and flow model, and
also time. The decisions become the comparison of the
sustainable value against predefined thresholds. This is
addressed later in this article.

23 Hierarchy of sustainability

There is a hierarchy of preferred routes within those
shown in Fig. 1. The closer that the phones and
components can remain in form to the stock, S, the more
sustainable the system. Reusing the phones without
modification is preferable to remanufacture, which is itself
preferable to complete dismantling in order to recover the
components and materials. This leads to a hierarchy which
will enable keeping the flow as close to the stock as
possible. As such prioritisation should be to:

1. Increase T: time spent where the phone fulfils its
designed functions to a level required by the
market, in order to reduce p.

Increase reuse, f;.
Increase remanufacture, f;.

Increase stockpile, f;.

A

Increase reprocessing after stockpiling, f5.
6. Reduce inputs into manufacture, 7,,.

If desired the list may be extended further to include ever
more incremental advantages.

2.4 Value and thresholds

In order to control the flow of phones and components
around the system, the decision points are used to affect
the routing of a particular flow. The decisions relate to the
ability of the complete phone or the components within it
to perform a function within the stock and flow system as
a whole. Therefore, it is proposed that at each decision
point a threshold must be set against which the items are
assessed. If they meet this threshold, they are directed
along one particular route, or along the other if they do
not. In order to set the threshold and assess the worth of an
item, it must be assigned a value and that value assessed at
that point in the flow at a given time. The assessment of
value at given points in the flow system will inform the
creation of a PSS and its interaction points with the
consumer.

3 UNDERSTANDING VALUE

In order to extract most value from the stocks and flows at
the most appropriate juncture, it is necessary to have a

thorough understanding of the value embodied within the
phones and components at any given moment in time. The
assessment of value will be used at each of the identified
decision points in the stocks and flows system as well as
to help in defining the consumers’ touch points.

The term value has been used in this article much already,
but it may mean many different things to different people,
thus it is necessary to provide a definition of value for this
work. The main consideration of value in typical product-
orientated business models at present is given towards the
economic value that can be extracted. This gives no
consideration to the indefinite sustainability of the
business into the future. To that extent other key values
are ignored. For example the value of retaining a certain
metal through recapture and recycling so that it may be
available again in the future must not be overlooked; or
the value of allowing a person to live a healthy and
productive life. These are values which are harder to
measure in current terms, but are no less important to
creating a truly sustainable business and society.

3.1 Indicators

Sustainability can be discussed in terms of three pillars:
environment, society and economy [l4]. Any
consideration of value operating within a sustainable PSS
should also incorporate these. At the initial stage of
framework development, it is proposed that value within
the PSS is judged on a streamlined set of indicators to
reduce the information capture that is required. They are
proposed to act as a proxy for other impacts within the
mobile phone sector. For the purposes of this article, the
focus is given to economic and environmental indicators
and a new, proposed technological indicator required for
the fast moving mobile phone sector.

Environmental

Global warming potential (GWP) is a well understood
environmental impact [15], widely reported in, for
example, carbon footprinting [16]. It is proposed as a
rough proxy for intensity of resources in the manufacture
of components and as part of the consideration of
recycling metals within those components. It is recognised
that there will be situations where this relationship does
not hold.

Water use is also proposed, as this stock cannot be
substituted by  other  materials.  Semiconductor
manufacture uses significant quantities of water [17] and it
is proposed as one of the key planetary boundaries [18]. It
is possible to extract data on both the GWP and the
quantity of water used from life cycle assessment (LCA)
databases, such as ecoinvent 3.1 [19].

An indicator of remaining reserve and consumption is
proposed. The use of materials and their remaining
availability can be used as a proxy for future sustainability
of the metal in question. Further discussion of this is
offered later in this article.

Economic



The price of metals and components is the main driver for
recycling, aside from possible regulation of toxic
substances [8], in the current business climate. Therefore,
price of the metals per given weight and price of
components is proposed as an economic indicator. Access
to resources is a combination of many factors, but price
(albeit perhaps slightly lagging from events) does reflect
aspects of availability.

Technological

A technological indicator must capture the ability of a
component to perform its function within the context of a
smartphone. These devices are typically comprised of
many different components performing different
functions, each of which may be measured using multiple
different metrics. For example a CPU may be measured by
clock speed, bus speed, number of cores, or algorithm
optimisation and so on. Collecting all of the data for a
good cross comparison between multiple processors
becomes an intensive process especially when the factors
may carry different weighting for importance. Therefore,
it is proposed that price may act as a proxy of the technical
capability of the component.

A component such as a CPU will reduce in price as it is
superseded by more capable versions, indicating its ability
to perform against the backdrop of the average of the
products available in that product category. A similar
trend may be observed across many other technologies as
their specification sheet becomes poorer compared to new
products. Furthermore, it is combined with the economic
indicator, reducing the need for data collection and price is
easily accessible to any consumer or manufacturer,
increasing ease of use. For this reason it is proposed for
use in this value assessment.

3.2 Value calculations

The calculation of value must allow a threshold to be set
so that when it is met, an action is triggered. This can be
achieved by simply comparing the value at time ¢ against
the value at the point of creation of the phone (¢)):

Value of phone(?)

Value of phone(t,) Eq. 1

Value(t) =

Eq. 2 shows the value of a phone being the product of the
components under consideration.

Valueof phone = H(Value of part,)

i Eq.2
The equation is given as a product, as opposed to a sum as
the value of any one component must have the ability to
control the overall value calculation. For example, a
component with relatively little value will not contribute
significantly to a sum calculation. If the component
becomes unable to perform its function and its
technological value drops to zero, it will have little impact
on the value of the phone even though the phone can no
longer perform its function. Therefore, it is necessary to
allow the component to control the overall value; in a

product, if component value falls to zero, so does that of
the phone. The value of the components is then calculated
as

Value of past, (1) = (GH (1 X0, 1 Xrey, (0)res, () priee (),

where GWP; is the global warming potential required to
create component i, H,0; is the water required to create
component i, rcy; is the recycling indicator for the metals
used in component i, res; is the resource indicator the
metals used in component i and price; is the monetary
value of component i. The factor x; may be allocated as
considered appropriate, but it is proposed that component
mass is the best metric. The time of assessment of the
different factors within Eq. 3 is different. GWP; and H,0;
are assessed at the time of manufacture of the component.
These two factors are essentially an indicator of what has
gone into making the component. Avoiding replacing the
component for as long as possible allows a spread of
impact within these categories over a longer period of
time, and therefore a net reduction in impact per year of
use. The factors rcy;, res; and price; should be assessed at
the given point in time of value calculation. These in
effect represent the value that can be extracted from the
components at time 7.

Eq.4 shows the calculation to derive the rcy; indicator.
This acts to show the importance of recycling a metal
from an environmental and economic perspective. Again
simplicity is the goal of this indicator. Other methods of
assessing recyclability tend to focus on the environmental
responsibility of recycling, but less the economic
advantages [20-22]. Furthermore, other indicators often
include efficiency of the recycling system in recovering
the metal. For the purposes of a PSS it can be assumed
that the collection rate is near 100%, therefore the focus is
on the value of recycling the metal itself:

rav = 3,8/ kg )Gy,

Eq. 4
where $/kg; is the price per kg of metal [, GWP, is the
global warming potential indicator for metal / and y; is the
fraction of metal / by weight in the component. GWP; is
expanded as:

GWP, = (GWP

raw

-GWF,.)

Eq.5
where GWP,,,, is the GWP associated with producing one
kg of metal / from virgin ore and GWP,.. is the GWP
associated with creating one kg of metal / from recyclate.
The form of the equation prioritises metals that have a
large saving in GWP from recycling and cause a large
GWP by being produced. If no recycling information is
found, GWP,,. may be set to 0. This simultaneously gives
priority to metals which are not recycled and also avoids
penalizing metals which are recycled but for which the
information is not available.

Eq. 6 shows the res; indicator. This acts as a measure of
the pressure on known reserves by current consumption.



U/
res; =yt
2 R Eq. 6

Where U, is the annual production of metal / and R, is the
known reserve of metal / in tons and y; is the fraction of
metal / by weight within the component. The indicator
uses production as a proxy for consumption. Production
data can be readily found within the same publications as
reserve [23] and will often reflect consumption of the
same metal over a similar period.

3.3 Incomplete bill of materials

It is apparent that the consideration of the value of a phone
or components is only in terms of weighted fractions of
the materials of interest. This presents two options:
ascertain the benefit of every material present in a mobile
phone, or focus on those which represent the best potential
for sustainability, i.e. the metals. These may be recycled
indefinitely and cannot be synthesised chemically in the
same manner as organic materials.

3.4 Costs

Each time a component within the phone is replaced, a
cost is incurred. This is defined as a negative impact
against each of the indicators, where appropriate. For
example, emissions against GWP; and H,O; will occur and
a monetary expense is created, e.g. through wages. There
are not anticipated to be costs associated with the res;, rcy;
or price; indicators. Therefore, the cost can be calculated
as

cost, =(GWP,)(H,0, )(expense,,) Eq.7
where GWP,, is the associated emissions, H,0,, is the
water use and expense,, is the monetary costs of replacing
the component. It should be noted that the impacts of
creating the components themselves are not included in
the cost: those are factored into the calculation of value, as
outlined in Eq. 2, and double accounting should be
avoided where possible.

Upon replacement of a part the value of the phone
becomes the subtraction of the value calculated in Eq. 7
from that of Eq. 2.

Value of phone at point of replacement =
[T{GWR)(H,0,)rec, res, price,) - (cost,)}

Eq. 8
It is clear that upon replacement of the component the cost
may keep the value of the phone as a whole below the
threshold for replacement. This would indicate that the
gain from replacement is not worth the cost of the
intervention. In these cases the value of the individual
components must be made separately to ascertain their
worth in stockpiling for use in other phones. It is entirely
possible that a component will never be worth the cost of
replacing, and it is here that the value calculation can
inform the best development of the PSS for sustainability.

When a component is replaced within the phone, care
must be taken to maintain the relative time factors, z. All
of the components must have a ¢, set to the moment that
they are incorporated into the phone. Therefore, the
original components will have a #, set to the time of
manufacture, the replacement components will have a
different 7, set to the time of replacement.

3.5 Calculations at the decision points

Value is calculated at each of the decision points within
the stocks and flows system, Fig. 1. The factors used to
calculate the value at each point do not change, but the
form of the calculation will change depending on the
particular decision point.

Reuse

If a phone is returned, for whatever reason the first value
assessment may determine if it has sufficient residual
value to be reused without modification. Those found to
be above the threshold may be routed through f3q.

Remanufacture

If found not be to sufficiently valuable for reuse, it can be
considered for remanufacture. If the value can be restored
sufficiently with replacement of one or more parts,
including associated costs, it may be sent round route fq.
If not, the phone is sent for disassembly and value
assessment, f>¢. This calculation is the same as that for
reuse, except the cost is applied on a component by
component basis, therefore, it is a level of disaggregation
compared to the reuse assessment.

Stockpile

Once disassembled the components are analysed for their
ability to return the existing stock of phones to a sufficient
value to re-enter the stock pool. Again, the equations used
are the same as those already presented, only with a
different time point of assessment. If the components are
deemed insufficient, they are sent for reprocessing, (-
fJf>q, to recapture the raw materials, otherwise they are
sent for stockpiling. Whilst being stockpiled they may be
periodically tested for retained value. If components are
found to not have enough value they are removed from the
stockpile for reprocessing.

Post-stockpile

Upon exiting the stockpile the components may be
analysed for residual value in potential reprocessing, or for
export to lower value markets. It is possible that some
components will never realise sufficient value via
reprocessing to overcome the associated costs and that
best extraction of value is through export to lower value
markets, even with the associated uncertain disposal
routes. The assessment of value at this juncture may be
split into two separate equations which can be compared
directly against one another. These are shown in Eq. 9 and
Eq. 10.

Valuein UK = (rec; )(res,) — (cost,) Eq. 9



Value export = (GWP,)(H, 0, )(price,) — (landfill,) Eq. 10

Where landfill; is the product of the impact from landfill
of a component arising against the indicators as outlined
previously in this article, much like cost, and the rest of
the terms are defined the same as before. The larger value
arising from the calculation determines whether the
component are exported, (I-f5)/(fitf2f4)g-rip], or routed
for reprocessing, f5/(fitf2f)q-rip].

It is at this decision point that social indicators would be
most useful to consider. The loss of components to a low
value market with poor recycling may result in a negative
social impact. This is either through leaching of toxic
substances to landfill [24], informal recycling or recycling
with lower environmental standards than the EU [10]. An
appropriate proxy for health may be human toxicity
potential [15] but even this does not capture the
possibilities for benefit that mobile telephony may bring to
those markets [5]. These factors must be understood on a
case by case basis, and must overcome the current
problem of relatively uncontrolled export of electronic
waste which occurs even in Europe’s highly regulated
sector [9].

3.6 Calculation of initial value

The calculation of value has been presented as a method
of determining the direction of flows between stocks
within the PSS. This is a time sensitive calculation, but
before it can be made, the value within the phone itself
must be understood to know which components or
assemblies may be targeted for value extraction. The result
of a component value assessment is presented here.

A sample set of components within a phone are modelled
to demonstrate the application of value. The phone is
modelled as consisting of a subset of components
including the main PCB, mounted with processor and
memory ICs, the display (LCD), the battery, antenna and
the metal case. The component weights and compositions
are based upon a Fairphone [25] with supplementary data
for PCB [22], battery [26] and LCD [27] composition used
where appropriate. The antenna and LCD are assumed to
contain a PCB and ICs as part of their construction.
Information for GWP and H,O indicators is taken from the
ecoinvent 3.1 database accessed via SimaPro LCA
software, PRé Consultants. Data on resources is sourced
from Minerals and Commodity Summaries 2015 [23]. Due
to volatility of price of materials, these were accessed at
time of writing from a variety of online sources. The value
is calculated as a snapshot at the point of manufacture of
the phone, therefore does not consider how price of
components may vary with time.

All of the metals found in the literature relating to the
components are considered: copper, gold, lithium, cobalt,
silver, indium, stainless steel, iron, chromium, nickel,
manganese, aluminium, lead, tin, zinc, molybdenum,
antimony and palladium.

Display
24%
Antenna
8%
Fig. 2 Component mass fraction within the example
phone.

Fig. 2 shows the phone by component mass. The mass
includes both metals and non-metals. It is shown that the
housing contains the majority of phone mass (38.4%)
followed by the battery (26.4%), with the PCB the lightest
at 4%.

Fig. 3 shows the value of the components. It is clear that
the PCB dominates the value, taking over 84% of the total.
Most of the remainder is taken by the antenna and display.
The housing no longer contributes any significant value to
the phone at only 8.2x107%.

Antenna
10.9%

Display
4.9%

Battery
0.1%

Housing
8.2e-5%

Fig. 3 Percentage value of the components.

The value of the phone is dominated by the precious
metals it contains; gold, silver and palladium. Despite the
tiny combined content of those metals within the phone, a
total of 0.032%, their high price per kg (Au=$42279,
Ag=$584, Pd=$8096 at time of writing) and large GWP
for extracting virgin material (Au=17100, Ag=485,
Pd=8613 kgCO,-eq/kg [19]), as opposed to recycling,
makes their contribution to the net value the largest. Any
PCB within the phone has all three of these metals,
therefore, any component containing a PCB has an
increased  total value both economically and
environmentally. By contrast, the housing becomes
negligible due to the low price and ready availability of
the steel from which it is made.

The calculation shows that in the design of the PSS, PCB
containing components would be a priority for reuse
wherever possible and the flows should be directed



accordingly between the stocks to achieve this. This is
especially true at the time of removal from the stockpile,
when the PCB would always be better reprocessed for the
materials than exported to a lower value market.

The design of the phone itself should be to maximise the
opportunity for reuse of the PCB where at all possible.
This may be achieved, for example, by design of the
architecture of the circuitry to allow for the efficient
replacement of components with long lifetimes.

4 CONCLUSION

The stocks and flows model for a circular economy has
been discussed for its ability to identify decision points
which must be addressed in order to direct flows through
the most appropriate loops for sustainability. These
decision points require a metric which can be applied to
the value contained within a mobile phone so that
thresholds may be set in order to ensure that the value is
extracted at an appropriate time. However, mobile phones
are made up of multiple components each with a different
potential or actual lifetime. In the current business model,
phones are often replaced before the components are truly
obsolete [28], or can no longer perform a function. In
consideration of the components, they may have a lifetime
which is dictated by loss of performance, for example the
battery which will degrade over a predictable period of
time [29], or by technological advance, or even through
user interference, for example accidental damage to a
display. Each of the lifetimes will have a different
predictability of the moment when replacement is needed.

Building upon the prior work of the authors [13 & 28] we
suggest that such a PSS could be developed in which
components with low emotional value and that require
regular upgrade, the internal electronic components, could
be owned by the business and leased as part of the service
to the consumer. By the handset being provided by the
PSS supplier as part of the service, this allows for control
and retention of the valuable metals within the phone and
the best opportunity for extraction of the value from the
phone at each point within the PSS.

Within this suggested PSS, the consumer has two
touchpoints; during purchase (for example, e-commerce
shopping, traditional bricks-and-mortar retail, local
franchises or independent community upgrade shops) and
during servicing. A servicing operation is triggered when
a consumer requires or desires a hardware upgrade (due to
one, or a combination of reasons for obsolescence;
absolute, functional, technological, societal etc. [30-32])
or if there is a breaching of a given operational threshold
for the phone as a whole, or a component within it (as
defined by the service contract). By returning the phones
for regular upgrade, the service will satiate consumer
demand for the latest hardware whilst also enabling
businesses to retain and assess components for value
individually, thereby defining the treatment that the
components will undergo within the backroom activities

of the PSS and facilitating efficient metal use and
recovery.

Therefore, the components must be assigned a time
varying value which can be measured against a threshold,
the reduction below which will trigger an interaction
between the service provider and the consumer to bring
their service level back to required specification. This
creates an interaction of the consumer with the PSS in
which the consumer returns the phone to a suitable
servicing platform and the phone is examined with
internal hardware (such as the deteriorated battery) and
software upgrades installed as requested or as
necessitated.

The refurbished phone is returned to the customer, thereby
maintaining its optimum performance, whilst also
ensuring the return of handsets and/or components to the
business for further treatment; stockpiling or reprocessing
as appropriate. In order to understand when to extract the
best value possible at each point within the PSS this article
has explored the concept of quantitative value
incorporating the economic and environmental pillars of
sustainability. The addition of a new technological pillar is
also proposed in order to assess the value of a mobile
phone in terms of its ability to operate at a required
performance level.

The value of a simplified phone is calculated. It is shown
that precious metals, gold, silver and palladium, dominate
the value despite being only a tiny fraction of the total
mass. In this example, they are predominantly found
within PCBs and components containing them. The
dominance of value is due to their high price per kilogram
and the large GWP associated with extracting them from
the ground compared to recycling. The high value of the
PCB highlights the need to ensure that these components
are used for as long as possible and that when considered
for disassembly, they may be removed from the phone
with minimal intervention.
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