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This research has taken 2 mainstream products from BT’s range and 1 competitor’s product and
assessed them in a way that highlights issues in relation to the circular economy. It has also shown
that many of these issues can be relatively easily address through some lateral thinking at the design
stage and the application of a number of simple practical design rules. These rules relate to material
choices, manufacturing practices and supply chain concerns as well as in-use impacts and the
eventual end-of-life of products.

All three products basically consist of plastic casings which contain a range of electronics (PCBs,
batteries etc.) and LCD screens. The components are of difference sizes but in essence they are the
same things. They also both contain similar type power supplies and each has a keyboard/keypad.

With all these products the overall recycled content of the current materials used is extremely low
(% by weight). The plastics contain no recycled content (as far as can be established) and the metals
have been allocated the average recycled content that is in current supply chains. The majority of
the recycled material content is in fact in the cardboard packaging. Only 33% of the weight of the
material used can actually be recycled.

On this basis the environmental credentials for the 2 BT products is not great. Indeed if BT continues
to develop or brand products of this type (business as usual) they may well find themselves lagging
behind their competitors in terms of environmental product impact.

This research has identified ways in which the negatives associated with using recycled materials can
be mitigated against in approaches to design which will not add cost or have a negative impact on
the user experience. In addition, via these design approaches, improvements can be made to end of
life disassembly, enabling them to become genuinely circular; this, coupled with careful use of
modular and systems approaches can make for updatable and repairable products that the meet the
needs of the consumer who are looking for quality products that can last them 10 years or more.

These approaches will address both an incremental and component (change, update, replace) to
new product development that will keep BT very much in the environmental agenda and in a
position to such developments not having a negative impact on them achieving their ‘Net Good’,
‘North Star’ goal.

To address more transformational requirements the research also highlights the need to collaborate
with competitors on applying pressure for change on their sub-contractors and suppliers to research
into the development of new materials, technologies and new uses of energy.
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This report has been undertaken in the context of BT’s Better Future initiative, the pan-BT
programme to deliver on BT’s strategic aim to be a responsible and sustainable business leader. In
this context the report aims to make a contribution to the three directives of building stronger
communities through the power of their technology and people, reducing carbon emissions and
their impact on the environment through BT’s operations and products, and to behave responsibly
towards BT’s customers (people) and their suppliers.

In particular the report presents material in the context of one of BT’s key three ‘North Star Goals’
that is ‘Net Good’ where BT’s products will achieve three times the carbon saving for their customers
than they emit over their lifetime (a 5 to 15 year target). An enabler of Net Good is implementation
of the Circular Economy (CE) principles (see ‘Towards the Circular Economy’ reports 1 and 2 - Ellen
MacArthur Foundation 2013). BT’s overall goal being to make good quality, inclusively-designed
products that exceed customer expectations, while minimising the environmental impacts inherent
in their manufacture and use and therefore going beyond mere ‘compliance’.

In the context of Net Good impact, three products have been used as the basis for this study, a
wholly BT generated product, a VTec — BT ‘badged’ product and another brand product (see
approach), all of which embody generic elements (packaging, PSUs, casing, PCBs, screens etc.), yet
provide opportunity to compare and contrast.

How products are made, what they are made of, where they are made, and what happens at the End
of Life (EoL) will be crucial to BT’s new product development strategies. The commodities market
and working environment legislation are just two factors impacting on People, Planet, and Profit
aspects of consumer electronics which present an out-of-control WEEE problem; for a successful
future BT will need to place itself in a position to manage this situation.

For further context it should be noted this research has been undertaken in parallel with an
additional project commissioned by BT Group relating to ‘Sustainability and Consumer Behaviour’,
the findings of which have been provided in an August 2013 report. This research has addressed the
questions:

1. BT does not believe that consumers are willing to pay more for a DECT handset product with
higher sustainability credentials than another. However, given a choice of products which
are the same price and quality, they are confident that the one with greater visibility and
plausibility of environmental labels/messaging will be the most popular.

2. Consumers of DECT handsets are creatures of habit, BT are not confident that users would
be willing to revolutionise their behaviour beyond a certain level. BT also believes that any
changes in user behaviour would be driven by the technological improvements in a device
rather than improving sustainability credentials.
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3. Consumers are caught in the habit of the ‘buy-use-throw’ model, BT believe that many
would consider exploring other models of ownership based on the circular economy.

Underlying anecdotal findings in this research have revealed that consumers look for quality and
durability in their DECT phones, many keeping them for ten years or more. In addition many are
totally confused by green messaging and the various icons and tags that relate to it. There was no
negativity to more environmentally sustainable devices provided this did not impact on quality and
durability. In addition it was found there was little to moderate appetite for systems rental or leasing.

The goal of this project is, where possible, to provide evidence-based recommendations to BT on a
number of key materials’ areas and manufacturing processes, and provide a risk analysis in the form
of:

Business as usual (BAU or do nothing)

Incremental (BAU+ small changes here and there)

Component (Mostly BAU, but swap out parts/processes)

Transformational (Making a big step, adopting total supply chain approach, Circular
Economy principles)

PN PE

Underpinning much of the CE approach is chemistry of materials, appropriate use, and costs. This
context, this study was to evaluate a number of key materials and constructions that if used will
contribute toward BT achieving circular economy goals but will provide design challenges in so doing.
This study was therefore to evaluate the impact of using these materials and constructions on BT’s
Materials Strategy, and the impact on industrial design, and cost-effectiveness for manufacture in
China or the UK.

In each case, the feasibility and suitability of materials and processes was to be taken into account;
recommendations were to be proposed in terms of incremental, component and transformational.

Specific tasks were as follows:

T1 Risk analysis of current materials — which materials and method of ranking the associated risk?
T2 Alternative materials — measuring evidence-based pros & cons.

T3 Alternatives to existing components.

T4 Impact on industrial design of component or materials change.

T5 How can EolL impacts be improved?
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T6 What are the key barriers to improvements and suggestions to overcome these?

T7 Propose best strategy to significantly move forward.

The approach has been to:

Provide information on materials and constructions by evaluating three current telecoms
related products (a ‘physical teardown’ of these products to provide quantitative
information for material content, recycled content and recyclability, energy use and CO,
emissions), in terms of their CE credentials in order to determine possible improvements for
component change, material use, alternative constructions and design improvements and to
identify/highlight areas of material risk

Look at the current state of play of materials risk, typically rare earth metals and conflict
minerals

Undertake a thorough comparative analysis between non recycled and %100 recycled

material for use in the caseworks of telecoms style products

e Evaluate broader opportunities for component and materials change

e Propose design opportunities based on the research findings

All evaluations and recommendations have been made in the context of currently accessible or near

accessible materials and manufacturing technologies and potentially cost effective solutions.
As mentioned above three different products were selected for evaluation:

The BT 6500 DECT phone

The BT (VTec manufactured) Baby Monitor 1000 (DECT based)

The Y-Cam Night Wi-Fi based home monitoring product

This has enabled comparative, quantitative, evaluations between a product designed and

manufactured by BT, a product designed and manufactured by VTec (but branded BT) and non BT

branded or manufactured product; this third product also being more home computer/Wi-Fi
orientated providing opportunity to determine if this technology generates any significant CE
improvement over DECT.
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PRODUCT ANALYSIS SUMMARY

BT 6500 DECT Telephones

BT Digital Video Baby Monitor 1000

‘Y-Cam’ Knight Internet Security System
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The circular economy is an alternative to a traditional linear economy (make, use, dispose) in which
resources are kept in use for as long as possible, the maximum value is extracted from them whilst in
use and they are recovered and regenerate at the end of each service life. When considering
products in respect of this over-arching goal designers must consider the materials they use, the
physical form of the product, the way in which different materials and components are joined
together and the possibilities for extracting materials and value at end of life.

Applying CE principles to product design requires a number of design changes that can help make a
tangible difference in the overall life cycle impact. These are best considered in the context of the
goals listed in “Towards the Circular Economy’ ‘which was published in 2013 by the Ellen MacArthur
Foundation.

The reports suggest that manufacturers should ‘specify the purpose and performance of the end-
products, more than those of the input materials’. It goes on to suggest that designers should specify
‘pure materials in their production process since they are easier to sort at end of life’. The report
also highlights that besides material selection, other areas important for economically successful
circular design are standardised components, designed-to-last products, design for easy end-of-life
sorting, separation or reuse of products and materials, and design-for-manufacturing criteria that
take into account possible useful applications of by-products and wastes.

The goals of the CE highlighted in the report that are relevant to physical product design,
manufacture and use can be summarised as follows:

e Improve the easy of reuse and recovery of materials

e Reduce materials supply risks

e Match the durability requirements of the product to the durability of the design
e Shift to renewable energy sources

e Build in modularity

e Think in systems rather than specific physical products

It was with these goals in mind that the teardown and assessment of the 2 BT products was
undertaken. The aim was to identify design characteristics (possibly common to both products) that
either aid or hinder the achievement of the goals. Once the characteristics had been identified and
explained, solutions to the possible issues were developed and proposed.

Although the products are from different market sectors and fulfil dissimilar functions, their physical
characteristics are very similar. They are also similar to many other electrical and electronics
products on the market. Therefore the issues identified and solutions proposed in this report should
be applicable to a much wider range of products than the specific telephones and baby monitor
assessed in this work.

! Towards the Circular Economy Reports 1 and 2. Ellen MacArthur Foundation 2013
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There are many ways in which to assess the overall life cycle environmental impacts of a product.
The most well-known is Life Cycle Assessment (LCA). LCA is a technique used to assess
environmental impacts associated with all the stages of a product's life from-cradle-to-grave (i.e.,
from raw material extraction through materials processing, manufacture, distribution, use, repair
and maintenance, and disposal or recycling. Undertaking a full and scientifically rigorous LCA is very
time consuming and expensive. The main stages are:

. Compiling an inventory of relevant energy and material inputs and environmental
releases;

. Evaluating the potential impacts associated with identified inputs and releases;

. Interpreting the results to help make a more informed decision.

A full LCA requires the collection of specific data related to the exact materials and manufacturing
practices used and the results of such studies are usually complex and for non-experts, difficult to
understand.

There is a much more practical method of undertaking assessments known as an abridged LCA.
These types of studies us the same principles of full LCA in that they consider the whole life cycle of a
product but they use secondary data (from published datasets) and usually consider a limited
number of impacts such as Carbon and energy footprints.

The two BT products assessed in this work were done so using an abridged LCA technique through
the use of the Eco Audit function of the Cambridge Engineering Selector (CES) software”. These
assessments require the input of a bill of materials for the product in question and the definition of
generic processing routes as well as information relating to energy consumption during use and
likely disposal routes at end of life. The assessment also takes into account the impacts of shipping
the finished item at end of life.

As well as the use of software to assess the overall carbon and energy impacts of the products in
qguestion a design review in respect of CE principles was also undertaken. This involved the physical
teardown and examination of the product to identify areas of concern / good practice.

Detailed bills of materials containing list of materials, components and weights were not available
for the products being assessed. Therefore each product was physically disassembled. This allowed
the identification of material types, the measurement of their weights and the assessment of
processing routes used. The teardown included the packaging as well as the product itself.

Each product was broken down into its constituent parts. Each part was weighed, materials
identified and, where possible, the processing routes identified. Where components or materials
were joined together they were separated if possible. Where multi-material components were
impossible to separate estimates were made in regard if the weights of the different constituent
materials.

10
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As well as assessing quantifiable parameters the products were considered in respect of use of
recycled content, ease of recyclability and design features that affect the CE principles.

Many of the design features exist as they fulfil a functional and / or aesthetic requirement. When the
assessment was undertaken these issues were taken into account and considered when alternative
solutions were proposed.

The physical teardown gives and invaluable insight into the design, form and function of a product.
The process of disassembly shows how easy materials and components are to separate, highlights
issues relating to materials, processes, design and the implications these have on durability, use
patterns and end of life options.

The quantitative information gained form the physical teardown stage was used to undertake a
whole-life impact assessment using Granta CES Software. This software uses a database of materials
properties (which included environmental measures such as Energy and CO,e) to generate a whole
life cycle impact and communicate how each life cycle stage contributes to this.

For each of the products the bill of materials was entered and estimates of energy consumption
during use were also added. Both products are manufactured in China so the transport of the
products to the UK by sea freight was included in the assessment. Finally, the expected end of life
scenario for the products was described in CES. As these products are small electrical item which
come under the requirements of the WEEE Directive it is anticipated that they would be returned or
collected for recovery and recycling. In the majority of cases these types of products are shredded
and material recover is undertaken where possible. For the assessment an end of life scenario of
‘downcycling’ was specific for the majority of materials in both products as it is very unlikely that
they would go through a closed loop recycling process and the materials be re-used in similar
products.

The expected life of both products was set at 5 years. The assumptions made in respect of energy
consumption for each product are shown in detail in Appendix 1 and Appendix 2.

11
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The results were exported into MS Excel to allow manipulation of the figures and presentation in a
pie-chart format.

The full assessment for the 6500 DECT telephones and the Digital Baby Monitor can be seen in
Appendix 1b and 2b respectively. A summary of the overall life cycle impacts of each product is

shown in figures 1 and 2 below.

Figure 1 - Life cycle CO,e impact of BT 6500 DECT Telephone

Figure 2 - Life cycle CO,e impact of BT Digital Video Baby Monitor 1000

As well as the overall CO,e for the 5 year product life other key KPls were also measured (show in
Table 1). These include total material intensity and energy use as well as estimated of the current
level of recycled materials content (all figures include product and packaging).

Total Materials

Total Recycled

Total materials

Overall energy

Overall Life Cycle

Intensity (kg) Content (%) easily recycled use (kWh) CO,e
(%)
BT 6500 0.690 22 57 57 60.3
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Baby Monitor 0.680 10 27 175 103

Table 1 - Product Life Cycle KPIs

Although the 2 products serve a different purpose and are aimed at different segments of the
market they are very similar in many ways. Both basically consist of plastic casings which contain a
range of electronics (PCBs, batteries etc.) and LCD screens. The components are of difference sizes
but in essence they are the same things. They also both contain similar type power supplies and
each has a keyboard/keypad.

For both products the largest contributor to CO,e impact is the use phase (over 5 years). Over 80% in
the case of the Phone and over 90% for the baby monitor. If this study was purely focusing on
reducing CO,e then the use phase would be the focus for improvements as it offers the biggest
scope for reductions.

From the CES EcoAudit assessment it can also be seen that over the 5 years both products embody a
similar amount of materials. The carbon footprint of the Baby Monitor is higher overall mainly due to
the estimated energy use being higher.

In both cases the overall recycled content of the current materials used (% by weight) is low. The
plastics contain no recycled content (as far as can be established) and the metals have been
allocated the average recycled content that is in current supply chains. The majority of the recycled
material content in both products is in the cardboard of the packaging materials.

Only approximately 1/3 of the weight of the materials used in these products can be easily recycled
(closed loop). This comes mainly from the materials used in the packaging and any metallic content
of the products. A larger proportion could be ‘downcycled’ but this is not a key aim of the circular
economy. It is much better to recover materials in a closed loop system and to be able to extract
value from waste products.

From the assessment undertaken of the 2 products a set of common issues related to material use
and products design can be drawn out.

Issues ldentified

The products use a number of components which are manufactured from different materials. Some
are bonded together and are not compatible for recycling. This means that the recovery of the
materials at end of life becomes very difficult is not impossible.
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Practices observed included; bonding foam to plastic components, bonding electronic components
to plastic casings, bonding different types of plastics together, coating screws with sealant. The key
pads used in the products are particularly complex and would be all but impossible to recover high
grade materials for closed-loop recycling from them.

Coatings (paint) are used to add specific colours to polymer mouldings. The use of paint does not
affect the recyclability of polymers. Soft touch surfaces and co-moulded inserts should be avoided
where possible as this make material recycling almost impossible.

The use of recycled plastic materials in consumer electronics is not common. Apart from a small
number of PCs and similar products there are very few that utilize any recycled content. In many
cases this is down to the aesthetic requirements of the design. The use of light colours (such as the
white plastic used in the Baby Monitor) and high gloss finishes mean that the inclusion of recycled
materials has not been possible.

Possible Design Solutions

e Use either single materials or compatible materials — reducing the number of types of
materials used in a particular product will make recycling and recovery easier as less
separation is required.

e Eliminate the use of permanent joining techniques for incompatible materials. Reduce the
use of glues, ultrasonic and heat joining techniques if materials are not compatible. Do not
glue speakers into casings, do not glue foam to plastic casings.

e Use darker colours in polymer mouldings — it is much easier to introduce recycled content
into darker coloured plastics. This can then be painted over to achieve the required colour
and / or gloss finish.

e |f the surface finish and colour has to be of a certain type that can only be achieved through
the use of virgin polymers consider the use of ‘layered’ mouldings. The main core of the
moulding can be made from recycled materials and it can be skinned with virgin material of
the required colour and finish. The approach has been used in many sectors from packaging
to automotive.

e Use ‘removable’ skinning technologies to colour and texture plastics. These could range
from stretch material covers to heat shrink coatings that can be removed at end of life.

e Texture moulded surfaces — a high gloss finish is very difficult to achieve with recycled
plastics. Texturing the surface of moulding addresses many of the issues apparent in the
colouring and surface finish of plastics with high recycled content.

e Utilise alternative technologies — by using different technologies to perform certain
functions some of the issues of materials recovery can be addresses. For example using a
touch screen in place of a physical keypad (bonding together a range of materials in this
case) will eliminate the issues of recycling the multi-material keypad. As LCD screens are
used in the products this option is not introducing new materials or components.

e Investigate the use of new ‘recyclable’ printed circuit board technologies — new
developments and research in the materials and design of PCBs. One example is the printed
circuit board that falls apart when immersed in hot water developed by the National Physical
Laboratory (NPL)*. The board itself is composed of “unzippable polymeric layers.” While
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these layers are able to withstand prolonged thermal cycling and damp heat stressing, they
separate from one another when exposed to hot water. The conventional components
mounted on the boards — such as resistors, capacitors and integrated circuits — can then
simply be scraped off, fully intact and ready for reuse. Additionally, the material can be used
not only for flat, rigid boards, but also for flexible electronics and three-dimensional
structures.

Issues ldentified

As with most consumer electronic products, the products assessed in this work consist of plastic
moldings and electronic components. The use of these materials brings with it a number of possible
supply chain risks.

The use of oil based polymers means the risks over ever-rising prices as the supply of oil becomes
more constrained.

A number of ‘rare earth’ metals are used in the manufacture of electronics. Antimony is used in LCD
screens, and lithium in batteries. Supply of these materials may become restricted in the future due
to their scarcity and their increased use in products. Also many materials used in electronics such as
Tin (solder) and Tantalum (capacitors) can be sourced from areas of conflict. The supply of these
materials could be affected by political events and is becoming an issue for larger companies in
respect of CSR reporting in countries such as the USA (Dodd Frank Conflict minerals)®.

There is growing concern over the toxicity and environmental impact of some of the materials used
in printed circuit boards and solders. The move away from leaded solder towards lead-free
alternatives has meant an increase in the use of materials such as silver and also the use of rare
earth alloying elements such as indium. The toxicity of silver is now being highlighted as a possible
issue in the use of such solders. There is also considerable concern building over the use of
brominated flame retardants that are the norm in FRS board as used in both the Dect phones and
the baby monitor. It is not inconceivable that these materials may be restricted of completely
banned in the future.

Possible Design Solutions

e Investigate the use of plant-based polymers - In the past most plant based polymers have
been sugar or starch derived and have not had the chemical and mechanical properties
required to be able to de used in durable consumer products. However recent developments
in polymer technologies mean that plastics that are chemical and mechanically identical to
petroleum-based materials can be derived from plant materials. The plants are used as a
renewable source of carbon and hydrogen which is isolated and used to make monomer
molecules. The molecules are then polymerised. This is an emerging technology but one that
should be watched closely.

15
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e Recycled materials — one way of ensuring the continued supply of non-renewable and scarce
materials is to recover your own product and extract the materials for use in mew products.
By following the proposed design solutions relating to increasing recyclability and instigating
a product collection / return system, companies can help to secure a supply of known quality
materials into the future.

e Utilise new electronics manufacturing technologies — as well as the recyclable circuit board
technology discussed in the previous section there are other technologies that can help
reduce reliance on conflict minerals such as Tin. The most notable of which is the use of
conductive inks. Conductive inks can be a more economical way to lay down conductive
traces when compared to traditional industrial standards such as etching copper from
copper plated substrates to form the same conductive traces on relevant substrates, as
printing is a purely additive process producing little to no waste streams which then have to
be recovered or treated. This developing technology could ultimately be used to deliver
much simpler and less polluting boards that use much less tin and silver and could be easier
to recover at end of life.

Issues ldentified

There are no apparent issues in relation to durability of the design of the products assessed.
However consideration does need to be given to issues such as:

1. Real use patterns of the product
2. Longevity (consumer expectations and technological lifespan)
3. Update and repair the product (costs, expected life etc.)

If these issues are considered the products should be ‘appropriate’ in terms of durability and
expected life. It is possible to ‘overdesign’ products and make them more robust and more material
intensive than they actually need to be. There may be a case to answer in respect of this in some
parts / components / modules of the products assessed.

Possible Design Solutions

e Try and gain as much information as possible on the actual ‘real-life’ use patterns of the
product. Design according to the requirements of these. There may be an opportunity to
remove materials from products as they do not need to be as robust as first thought.

e Consider the durability versus the life of the technology and maturity of the market. If a
product is in a sector where fast technological change is happening is it appropriate to make
it to last 10 years when it’s likely useful life might only be 2-3 years? Also consider if the
product is a system in its own right or if it is part of another system that might change over
time.

e Design for repair and upgradability may be appropriate form products with a long useful life
but for those with relatively short lives this may not be the case.
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Issues ldentified

Although the products use relatively small amounts of energy on an hourly basis. The use patterns
required almost constantly power use of some degree. This means that the overall energy
requirement across the whole life of the products is by far the largest impact. No renewable energy
is used in the products in their current format.

The use of renewable energy may cause some challenges in that both products require a feed of
power constantly (both day and night) and therefore continuity of power supply is very important.

Possible Design Solutions

e Use of solar technology to charge batteries with the inclusion of smart switching to mains
power when batteries run low. During daylight hours or when lighting is on in the house the
units could trickle charge their own batteries. If the current drops below a preset value the
unit could automatically switch back to the mains power. In this way overall reliance on
mains power could be reduced whilst still maintaining the continuity of power supply
needed.

e Other renewable energy sources could be utlised, such as wind-up chargers etc. However it
is unlikely that these would be accepted by mainstream consumers in this type of product.

e Self-charging batteries are beginning to come to market. These are small power cells (which
can be the same size as standard batteries such as AA cells) that charge when the device in

which they are placed is moved. Technology in the cell converts the movement to a charging

current. There is a possibility of use for the telephones as they are in motion when in use.
Otherwise the user can physically shale the unit to charge it up.

e  Miniature fuel cells have been used to power small electrical devices and it is an area that is
benefiting from research and development at the current time. Into the future it may
become a viable way to provide cleaner energy for consumer electronics.

Issues Identified

Modularity can help extend a product’s life, reduce repair costs and allow for easy upgrading. The
effectiveness and appropriateness of this approach will depend on a number of factors such as:

1. Expected life of the product —is modularity a sensible approach for short life products?

2. Advantages offered by modularity

One of the products (the telephone) already demonstrates the use of some modularity principles.
The handsets are interchangeable and there are some common parts used in the bases. The ability

17
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to replace just a handset (should one fail) would be a move towards are more circular approach.
Currently if a user needs a new handset it can only be purchased together with a new base unit.
Supplying just a handset, if that is all that is required, would reduce the material burden.

Possible Design Solutions

e Design the product from the viewpoint of allowing sub-assemblies and components to be
replaced. Allow easy removal and replacement of parts that are likely to be the ‘weak point’
in terms of reliability.

e Provide a backup of spare parts at reasonable prices so that repair is a financially viable
option. Sell replacement parts rather than whole products. For example, supply single
handsets, charger units or separate camera / receiver units.

e Design out redundancy. Allow the insertion of new components / modules and the
upgrading of aesthetic parts to keep the product in use for longer.

Issues ldentified

Both the products considered in this assessment are sold as ‘standalone’ systems. This means that
each system has an amount of embodied materials and energy and a range of other impacts link to
manufacturing and transportation of the physical product.

Modern technology and advances in computing, communications technology and home networking
mean that in many cases the functions traditionally supplied by a range of standalone products can
now be supplied by an integrated system.

The functions performed by both the products could be integrated into current and future IT and
communication network systems. They could be incorporated into mobile phone networks, wireless
LANs and integrated with existing hardware such as smartphones, laptops, tablets and smart TVs.
This could considerably reduce overall resource use for the delivery of a range of the functions.

As an indicator of the type of savings that might be achievable through integration of products into
existing systems a further assessment of a digital wireless camera was undertaken as part of this
work. This can be seen in Appendix 3. The unit in question (a Y-cam Knight S Camera) was assessed
in exactly the same way as the BT products using a physical teardown and analysis with CES Eco
Audit software.

This camera could be integrated into an existing system of wireless LAN and
smartphone/tablet/laptop in place of the baby monitor. The camera would be placed in the room to
be monitored and the pictures and sound relayed over the LAN to a phone/tablet/laptop thus
removing the need for the bespoke receiver unit.

The full analysis is shown in Appendix 3. A summary of the total lifecycle CO,e and other KPIs is
shown in Figure 3 and Table 2.
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Figure 3 - Life cycle CO,e impact of Y-Cam Knight S Wireless Camera’

19

Total Materials

Total Recycled

Total materials

Overall energy

Overall Life Cycle

Intensity (kg) Content (%) easily recycled use (kWh) CO,e
(%)

Baby 0.680 10 27 175 100
Monitor

Y-cam 0.570° 27 39 110 65.89

Potential . . .

R 16% reduction 17% increase 12% increase 37% 34%

savings

Table 2 — Comparison of Product Life Cycle KPIs of standalone product versus product integration
into existing systems.

By integrating a unit into an existing system to provide the same functionality as a standalone baby
monitor considerable savings can be made in terms of materials and energy consumption to deliver
the function. All the main CE aims are positively addressed. Less material is used, less energy is
consumed and the resulting ‘waste’ at end of life is also less. If the design principles discussed earlier

in respect of recovery and recycling of material are implemented in such units those materials will

also be easier to recover for use in other products.

For many years companies have adopted a linear model in the approach to the design, manufacture,
use and disposal of products. Various pieces of legislation from the EU (and more recently other

> Energy use of the ‘system’ into which the Y-cam is integrated is not included as the addition of the Y-cam into
the system would not result in extra energy use by that system.

®The y-cam as assessed included a very large heavy steel wall bracket that was not necessary in this

comparison. It was therefore not included in the calculation of these KPIs — it is included in the full assessment
in Appendix 3.
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areas of the world) have led to the restriction of the use of certain materials and a legal requirement
to collect and recycle certain types of products; most notably vehicles and electrical and electronic
equipment. Although this has some effect on product design practices we are still a long way from
considering the full life cycle impacts of products at the design stage and addressing them though
considered design decisions.

If we are to move towards a truly circular approach to product manufacture, it requires a new way of
undertaking product design. This move is not as complex or challenging as it may first appear. The
main aims of a circular economy are clearly defined and the benefits they bring are clear from both
and environmental and cost perspective.

This report has taken 2 mainstream products from BT’s range and assessed them in a way that
highlights issues in relation to the circular economy. It has also shown that many of these issues can
be relatively easily address through some lateral thinking at the design stage and the application of a
number of simple practical design rules. These rules relate to material choices, manufacturing
practices and supply chain concerns as well as in-use impacts and the eventual end-of-life of
products.

The continual development of new technologies affords a number of opportunities to move towards
a more circular economy. The use of these technologies can reduce the impact of products, ensure
materials are easier to recover and ultimately reduce the overall resource burden required to deliver
the functions and services provided by the products we buy, use and dispose of.

Product design is a key part of the circular economy and if undertaken in the correct manner it can
contribute considerably to the overall reduction of resource use in modern society.
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Materials at risk have been referred to specifically in the context of the three product analyses, it is
clear that rare earth and conflict mineral issues are very much the concern of the larger global
economies.

For companies such as BT it is very much a case of monitoring the situation typically through
IAMGOLD style reports and British Geological Survey findings (see appendix 4).

Clearly it is in the interest of all in the supply chains to mitigate against the use of these at risk
materials and to continually research into alternatives. Typically it will be for companies such as BT
to prompt and support their suppliers and manufacturers to this end.

Perhaps more importantly it will be for companies such as BT to collaborate with their competitors
to provide greater resource in these research efforts with the supplier base.

With regard to a method of ranking the associated risk, a suggestion would be to build links to the
latest risk lists in the proposed online design tool ‘Designing our Tomorrow (DoT) toolkit; the
collaboration between the University of Cambridge, BT Group and BT Technology, Service &
Operations.

Within the ‘Understand it’ section in the ‘Performance Indicators’ subsection of this tool there is a
link to a report of the type mentioned above.

http://www.designingourtomorrow.com/business/UND outcome measures/critical materials for
the EU.pdf

This is indeed a detailed 80 page report, but it is over 3 years old, it does discuss ‘critical materials’
but there is no mention of ‘conflict minerals’; indeed if the term Conflict Minerals is used in the
search facility for the DoT site, it does not come up at all.

Ideally at risk and conflict minerals should be explained in a tool kit of this type, it should identify
these elements and where they are commonly used, help in undertaking a risk assessment and aid in
identifying alternatives.

Recent research on UK Product design consultancy industry has also highlighted the need for tools to
be simple and very accessible; expecting a busy designer to link to and read through an 80 page

report is unlikely to yield a positive result.

Also see product evaluations summary — reducing materials supply risk, page 15
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Next to internal components/assemblies, product casework parts generally constitute the majority
of product content; therefore any improvement to the End of Life (EOL) ‘credentials’ of these items
would represent worthwhile improvement on the ‘circular’ impact of any product.

As such, to be in a position to use % 100 recycled materials would be highly desirable in this context;
understanding the limits in the using such material is therefore essential.

This aspect of the research has therefore been based largely on undertaking a direct comparative
analysis between non recycled (virgin) and 100% recycled ABS (the injection moulding polymer used
predominantly for product caseworks being considered in this market sector under evaluation).
Criteria being investigated were finish (surface texture), ability to colour (paint, print, etc.) and
strength.

Materials under specific consideration were Tairilac AG 15A1 (by Formosa Chemicals) — virgin ABS
(appendix 5) and 4124 100% recycled ABS from MBA Polymers (appendix 6).

Test parts (plaques) for finish and stress testing were not available for these materials so an injection
moulding tool was commissioned to produce required test plaques to observe differences in surface
finish (from gloss to coarse texture) and test strips to undertake stress/elongation testing (on

industry standard test equipment).

Test parts were then produced on manufacturing quality injection moulding machines (see appendix
7 for set-up data).

100% Recycled ABS

Virgin ABS

Group of test samples
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From the test plaques (with 3% black ‘master batch’ colouring added) it can be seen that with a
glossy surface finish contaminants (inclusions) in the 100% recycled ABS can be seen with the naked
eye, however once a texture is applied these inclusions are not noticeable.

100% Recycled ABS Virgin ABS

Texture samples with 3% black master batch added

A recommendation when using 100% recycled material is not to design products with a gloss surface
finish.

Colouring 100% recycled ABS does appear to present a problem. White master batch was used to
produce samples in both virgin and 100% recycled grades.

With 4% white master batch added, the 100% recycled material could only achieve a mid grey at
best.

100% Recycled ABS, 4% White Virgin ABS, 3% White
Colouring Colouring

Adding white master batch to test plaques
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A similar result would almost certainly be achieved with the master batching of colours when added
to the 100% recycled material, producing grey toned reds, greens, blues etc.

An evaluation was also undertaken of basic paint finish adhesion, in this case simply silver, cellulose
based, spray applied paint (just clean parts, no primer preparation). There did not appear to be any
obvious difference between the two materials in terms of finish and wear characteristics (although

this was not done over time to any industry standard).

100% Recycled ABS Virgin ABS

Cellulose based, silver spray paint applied to both materials

In summary it would appear that 100% recycled ABS is problematic to colour using the industry
standard master batch colouring process, but that (subject to further evaluation ) it can ‘accept’ a
paint finish to a similar standard as virgin ABS.

It is therefore recommended that the 100% recycled material (without colouring) be used for black
or dark to mid grey products only, or is finished (post process) using an appropriate paint surface
treatment (or similar).

It should be noted however that paint finishing is an additional process (therefore adding cost) and
adds ‘contamination’ (in effect) to the substrate material (a negative for further recycling). It should
also be noted many paint finishing processes (including water based acrylics), emit volatile elements
into the atmosphere and without adequate processing are a pollutant.

Standard stress to elongation evaluations were undertaken on a number of test strips (see appendix
8 for full stress/strain elongation results).

Results indicated that both materials had similar yield points but that the 100% recycled ABS was
stiffer, failing after considerably less extension than the virgin ABS.
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Virgin ABS

100% Recycled ABS

Elongation to break evaluation

Stress to elongation showing similar yield points but differing elongation to break characteristics

The above results are encouraging, as the two materials have similar yield points; it will just be a
requirement to ‘work around’ the stiffer nature of the 100% recycled material, typically with clip
fittings and similar assembly features.

Using the data obtained from the stress/strain to elongation measurements, finite element analysis
was undertaken to evaluate the stress on the clip design (to hold body halves together) of the DECT
6500 handset, this did indicate a stress concentration (red element) at the root of the clip half.
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Stress/strain in DECT 6500 handset clip

However this red element does not occur right the way through the feature. Although not ideal, this
is not be a major cause for concern.

In terms of design, due to the stiffer nature of the 100% recycled ABS, it would be prudent to avoid
clip features subject to significant stress, or at least to use design features (predominantly root radii)

that minimise/avoid stress raisers.
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In addition when subject to loads beyond its yield point, %100 recycled ABS will fail far more
abruptly than virgin ABS. It would therefore be wise to design products to be manufactured in 100%
ABS, to withstand higher impact, or to utilise an assembly method that could compensate for this
failure characteristic.

Also see product evaluations summary — common issues, page 13

To complement the detailed investigation of the virgin and 100% recycled ABS, a brief study was also
undertaken on various aspects of complementary areas such as:

e Touch keys

e Printed circuit technology
e Displays

e Shrink wrapping

e Recycled polymers

e Packaging
e  Modularity
e Systems

e Energy

As highlighted in the product analyses, current keypad construction is often complex, being manifest
as a number of layers often bonded together or attached in such a way so as to make for significant
difficulty in disassembly.

Capacitive touch technology has improved at a pace in recent years and as such should be
considered as a cost effective alternative to the current, more complicated keypad systems (see
appendix 9 for full information). As they can be incorporated on the main product printed circuit
board (PCB) they don’t necessitate a layered construction and therefore, inherently, de construction.

Current use of capacitive touch technology in automotive applications
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A downside of this technology is the lack of tactile feedback through the touch (this is however being
perused by developers, but not to a useable end result at present). However end users are now very
used to the capacitive touch of smart phones, the lack of tactile feedback here has done little to halt
the uptake of these devices.

Capacitive touch with other forms of subtle use of tactile feedback (visual display change, sound,
vibration), should be considered as a credible alternative to mechanically complex, difficult to
assemble, mechanical keypads.

A significant road block in the ability to fully re cycle and re use products is the PCB, not only do they
use significant amounts of at risk materials but via their construction, they ‘lock up’ these elements
for easy future use. Current methods for recycling PCB’s are expensive, energy hungry and generate
harmful waste in processing.

This area is a typical example of where new product developers should collaborate with their
competitors to force and fund research for change.

A typical example would be The National Physical Laboratory (NPL), along with partners In2Tec Ltd

(UK) and Gwent Electronic Materials Ltd, who have developed a PCB whose components can be
easily separated by immersion in hot water.

PCB dissolvable in warm water

Also see product evaluations summary —common issues page 13

As the chart below illustrates there has been a rapid increase in the uptake of touch screens and
visual displays for technology related products in recent years.
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But the adoption of this technology for products such as DECT phones is still limited by cost.

Whereas a comprehensive, reasonably sized touch screen maybe appropriate for a £300 smart
device, it would not be cost effective for a £50 DECT phone.

For example the capacitive touch display on the right is currently 40% more expensive than the high
quality TFT display on the left. Small capacitive touch displays are not readily available at present
and are not available in sizes less than 3.5”.

However this situation is likely to rapidly change and should be monitored, though whether this
technology will become economically viable within the lifetime of DECT technology is debateable.
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Given the problematic nature of colouring 100% recycled ABS and the need to consider alternative
constructions to clipping, the notion of providing colour, graphic application, and assembly and
disassembly benefits through the use of shrink film, is intriguing.

Heat shrink wrap
Normally associated with the graphic applications and tamper evidence sleeving on liquids packaging,
this technology does have potential in more hi-technology applications.

Higher quality grades of material that can be produced in a range of foil thicknesses and in materials
that are suitable for recycling are already available (see appendix 10).

This manufacturing technology would also be complementary to the capacitive touch key technology,
where there are no articulating parts.

It is a recommendation of this research report that this technology be investigated further.

The development of polymers from recycled and waste materials is a rapidly growing industry (and
quite rightly so) as is the development of polymers produced by synthesizing hydrocarbons from
plant products.

But the area is becoming a minefield of confusion. There are those who would pioneer and
champion the development of bio degradable polymers produced from plant starch (see appendix
11 - Lu, Xiao, Xu paper Mach 2009), Lu at al stated in 2009 that 'This means someday it is
unnecessary to rely on petroleum’, four years later, there has been progress but these polymers are
not available in large quantities an still do not possess the mechanical properties of conventionally
produced polymers.

Starch based packaging (including foil wrap) for plant seeds
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In a recent study into sustainability and the supply chain, one aspect of the study looked at
alternatives to medium density fibre board (MDF) for the retail display industry in the East Midlands
— UK. A number of alternatives were indeed identified but none were available in the quantities that
this sector demanded and therefore the cost was not viable (see Ford, P. Radlovic, P. (2013) Design,
Sustainability and the Supply Chain. The International Journal of Sustainability Policy and Practice.
V8 :1 pp 233 -245).

It is therefore critical to monitor these supply and demand relationships to determine when
availability and economic viability has been achieved.

In addition there are those companies who purport to be environmentally conscious but unwittingly
get it wrong.

A classic example being with a leading manufacturer of clothing, who marketed a range of men’s
shirts made entirely from polyester produced from recycled PET drinks bottles. Demand was so
great that the supply of used drinks bottles was insufficient to meet it. The manufacturer had to
resort to obtaining bottles directly from the manufacturer that had never been used to ship drinks!!,
hardly a sustainable situation.

Supply and demand

Another example is with Pepsi and Coke who are promoting drinks bottle made from plants,
however if transpires (no pun intended) that this polymer is merely being synthesised from Bio
Ethanol (resulting from plant waste fermentation). These synthesised polymers are therefore
identical to conventionally produced polymers, offering no end of life benefits in terms of
sustainability apart for an argument for carbon neutrality (see appendix 12).

It would appear that a controlled loop for the recycling and re use of polymers at end of life has
significant merit whatever the original source of that polymer. The Circular Economy approach to re
use of polymers is therefore extremely valid in this context, but supply, demand and cost have to be
carefully managed.

Also see product evaluations summary — reducing materials supply risk, page 13

31


http://www.greenpacks.org/2011/06/20/plant-based-bottles-by-pepsico-and-coke-are-plastic/

32

BT Product Materials Strategy and Risk Assessment

Packaging has to be considered as an integrated element of the product offering and the CE goals.

There are now a growing number of alternatives to the unsustainable use of expanded polystyrene,
typically, various types of compostable card packaging made from recycled materials, to durable
packaging which can have a secondary use, to new developing alternatives such as mycelium in for
literally growing packaging solutions.

In all cases the will be a need to be smart in terms of designing pack and product combinations than
can make for environmentally (heat, moisture etc.) resistant solutions.

Typically this will be needed given the growth in online sales and the design of product/pack
combinations that (where possible) can fit a standard post box.

Unsustainable use of polystyrene packaging

Creative use of recycled card
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Lateral use of recycled materials

Reusable packaging concept for BT

Mycelium based packaging solutions
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Standard letterbox size

As part of a co ordained approach to circular product/packaging combinations modularity could yield
significant benefits in terms of economies of scale, component assembly and end of life disassembly.

In addition it would also facilitate future upgrading of product or the easy replacement of failed
components providing products with a longer ‘in use’ life, a characteristic known to appeal to
consumers of DECT products (BT Group research relating to ‘Sustainability and Consumer Behaviour’
research), that is to design out redundancy.

Far from reducing product sales, this could enable a new form of product revenue with regard to
upgrading, repair and maintenance.

Also see product evaluations summary — build in modularity, page 17

Also s ee section on design opportunities, page 35

Based on the product analysis there was only moderate environmental gain to be seen between the
BT 1000 DECT baby monitor and Y-Cam Knight Wi-Fi home monitoring system, particularly when you
take into consideration the need for a computer or Smart Phone required to work with the system.

The BT Group research relating to ‘Sustainability and Consumer Behaviour’ research’ has indicated
that any systems orientated solution would have to be incredibly simple to install and operate. The
Y-Cam Knight is not, in fact it was impossible to set it up to operate during this research exercise.
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In addition the BT Group research relating to ‘Sustainability and Consumer Behaviour’ research has
also indicated only limited interest in rental or leasing, probably closely related to the fact that
consumers will keep their DECT phone for 10 years or more.

However a system that does not appear as rental or leasing possibly linked to an upgradeable,
modular approach to provide a quality system may have merit.

Also see product evaluations summary — thinking in systems, page 18

Based on the BT Group research relating to ‘Sustainability and Consumer Behaviour’, the use of
solar power to charge batteries was of interest but only if the financial (energy) benefits are clear
and worthwhile (which is likely to be problematic).

Smart switching to mains power when batteries are running low, the use of wind up charging proved
to be of low customer acceptance in the study.

Self-charging batteries through movement and even the use of miniature fuel cells are both
possibilities but neither are viable at this point in time.

Also see product evaluations summary — shifting to renewable energy, page 17

Potential for modular construction approach:
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Modular approach for smaller products (with shrink wrap construction)
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Modular approach for larger products using commonality of parts (also based on
shrink wrap construction)
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The following shrink wrap design options are based on a modified DECT 6500 design constructed in
100% recycled, charcoal grey, textured ABS with a shrink wrapped exterior providing colour options
and graphics over a capacitive switch technology incorporated into the main PCB

White themed option
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Black themed option

39



BT Product Materials Strategy and Risk Assessment

Multi (coloured) possibly customer specified graphics

e Ability to colour

e Ability to customise/personalise

e Opportunity to simplify assembly

e Opportunity to simplify disassembly

e Opportunity to improve drop protection

e Foil wrapping could work in conjunction with modular systems
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The following summarises the findings and recommendations of this research and groups the
findings in terms of what can be achieved now, what could be achieved subject to some design
modification and what could be achieved longer with longer term collaboration.

These are as follows:

Construction:

Use either single materials or compatible materials — reducing the number of types of
materials used in a particular product will make recycling and recovery easier as less
separation is required.

Eliminate the use of permanent joining techniques for incompatible materials. Reduce the
use of glues, ultrasonic and heat joining techniques if materials are not compatible. Do not
glue speakers into casings, do not glue foam to plastic casings.

Using Recycled Polymers:

Use darker colours in polymer mouldings — it is much easier to introduce recycled content
into darker coloured plastics. This can then be painted over to achieve the required colour
and / or gloss finish.

If the surface finish and colour has to be of a certain type that can only be achieved through
the use of virgin polymers consider the use of ‘layered’ mouldings. The main core of the
moulding can be made from recycled materials and it can be skinned with virgin material of
the required colour and finish. The approach has been used in many sectors from packaging
to automotive.

Use ‘removable’ skinning technologies to colour and texture plastics. These could range
from stretch material covers to heat shrink coatings that can be removed at end of life.
Texture moulded surfaces — a high gloss finish is very difficult to achieve with recycled
plastics. Texturing the surface of a moulding addresses many of the issues apparent in the
colouring and surface finish of plastics with high recycled content.

Alternative Technologies:

Utilise alternative technologies — by using different technologies to perform certain
functions some of the issues of materials recovery can be addresses. For example using a
touch screen in place of a physical keypad (bonding together a range of materials in this
case) will eliminate the issues of recycling the multi-material keypad. As LCD screens are
used in the products this option is not introducing new materials or components.
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Modularity:

e Design for repair and upgradability may be appropriate form products with a long useful life
but for those with relatively short lives this may not be the case.

e Design the product from the viewpoint of allowing sub-assemblies and components to be
replaced. Allow easy removal and replacement of parts that are likely to be the ‘weak point
in terms of reliability.

e Provide a backup of spare parts at reasonable prices so that repair is a financially viable
option. Sell replacement parts rather than whole products. For example, supply single
handsets, charger units or separate camera / receiver units.

e Design out redundancy. Allow the insertion of new components / modules and the
upgrading of aesthetic parts to keep the product in use for longer.

7

Energy:

e Use of solar technology to charge batteries with the inclusion of smart switching to mains
power when batteries run low could be used if proven to be energy viable.

Materials:

e |nvestigate the use of plant-based polymers - In the past most plant based polymers have
been sugar or starch derived and have not had the chemical and mechanical properties
required to be able to de used in durable consumer products.

e Recycled materials — one way of ensuring the continued supply of non-renewable and scarce
materials is to recover your own product and extract the materials for use in mew products.
By following the proposed design solutions relating to increasing recyclability and instigating
a product collection / return system, companies can help to secure a supply of known quality
materials into the future.

Technology:

e Investigate the use of new ‘recyclable’ printed circuit board technologies — new
developments and research in the materials and design of PCBs, typically the printed circuit
board that falls apart when immersed in hot water developed by the National Physical
Laboratory

o Utilise new electronics manufacturing technologies, typically conductive inks.

Energy:

e Self-charging batteries are beginning to come to market. These are small power cells (which
can be the same size as standard batteries such as AA cells) that charge when the device in
which they are placed is moved. Technology in the cell converts the movement to a charging
current. There is a possibility of use for the telephones as they are in motion when in use.
Otherwise the user can physically shale the unit to charge it up.
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e Miniature fuel cells have been used to power small electrical devices and it is an area that is
benefiting from research and development at the current time. Into the future it may
become a viable way to provide cleaner energy for consumer electronics.

The following summarises the findings and recommendations of this research and groups the
findings in terms of what can be achieved now, what could be achieved subject to some design
modification and what could be achieved longer with longer term collaboration.

To address those issues that could be achieved now will require designers and manufacturers to co-
ordinate with each other in the development and manufacture of any new product to ensure
commonality materials and ease of disassembly at end of life.

It is unlikely theta the consumer would perceive any change in the product, their reaction to the
product is unlikely to be an issue therefore at this level.

Barriers to achieving at this level are the degree of collaborations and communications between BT’s
designers and manufacturers. This would have to be managed by BT.

To achieve progress in the area that requires greater design modification will have an impact on hoe
the product will manifest itself to the consumer; it is therefore possible that the consumer could
have a negative reaction to:

e The use of 100% recycled polymer in black or grey tones only

e The use of a foil/wrap overlay to provide colour and product protection
e The use of capacitive touch technology with reduced tactile feedback

o The impact of modularity

e The option to upgrade and repair over a longer product lifetime

An evaluation of the above reactions could be achieved through a series of carefully produced
prototypes and end user evaluations.

It has been observed during the sustainability and consumer behaviour research, that consumer may
keep their DECT devices for more than ten years and look for quality products that will last.

It has also been noted that consumers are confused by the sustainability message.
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It would be proposed that consumer reaction work on prototypes of this type present a quality
product with and circular or sustainability aspect to the designs kept hidden form the consumer.

If the consumer will accept these products on their own design and functionality merits, then the
fact that they are circular would be a bonus to the consumer.

Developments in materials, manufacturing, component technology and energy sources that are to
have significant environmental impact are likely to go beyond capacity of any single manufacturer to
achieve.

For companies like BT it will be a requirement for them to collaborate with competitors to apply
pressure to the manufacturing and supplier base to research into the development of new materials,
technologies and new uses of energy.

It will be a requirement therefore for companies who develop new products to create demand for
change and support research in achieving that change.

If this is done actively as a continual set of support initiatives, it will keep BT at the forefront of these
developments, keeping them in a valuable position to take advantage of them when they become
viable.
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1 Introduction & Aims
Better Future is the name of a pan-BT programme to deliver on BT’s strategic aim to be a responsible
and sustainable business leader.

BT Group’s Better Future strategy has three dimensions; Building stronger communities through the
power of their technology and people, reducing carbon emissions and their impact on the
environment through their operations and products, and behaving responsibly towards their
customers, people and their suppliers.

One of BT’s goals is ‘Net Good’ where BT’s products will achieve three times the carbon saving for
their customers than they emit over their lifetime. An enabler of Net Good is implementation of the
Circular Economy (CE) principles.

How products are made, what they are made of, where they are made, and what happens at the End
of Life (EolL) is crucial to the Net Good strategy.

By undertaking an abridged Life cycle Assessment (LCA) design review on a BT6500 DECT Phone

The goal of this work is to provide evidence-based recommendations to BT on a number of key
materials’ areas and manufacturing processes, and provide a risk analysis in the form of:

BAU (do nothing)

Incremental (BAU+ small changes here and there)

Component (Mostly BAU, but swap out parts/processes)

Transformational (Making a big step, adopting total supply chain approach, Circular
Economy principles)

PwWnNPE

A BT6500 DECT phone has been used as an example to outline the different options that should be
considered during the product design process and how these options and choices might affect the
products overall life-cycle impacts.

2 Product Assessment Methodology

There are many ways in which to assess the overall life cycle environmental impacts of a product.
The most well-known is Life Cycle Assessment (LCA). LCA is a technique used to assess
environmental impacts associated with all the stages of a product's life from-cradle-to-grave (i.e.,
from raw material extraction through materials processing, manufacture, distribution, use, repair
and maintenance, and disposal or recycling. Undertaking a full and scientifically rigorous LCA is very
time consuming and expensive. The main stages are:

. Compiling an inventory of relevant energy and material inputs and environmental
releases;

. Evaluating the potential impacts associated with identified inputs and releases;

. Interpreting the results to help make a more informed decision.
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A full LCA requires the collection of specific data related to the exact materials and manufacturing
practices used and the results of such studies are usually complex and for non-experts, difficult to
understand.

There is a much more practical method of undertaking assessments known as an abridged LCA.
These types of studies us the same principles of full LCA in that they consider the whole life cycle of
a product but they use secondary data (from published datasets) and usually consider a limited
number of impacts such as Carbon and energy footprints.

The two BT products assessed in this work were done so using an abridged LCA technique through
the use of the Eco Audit function of the Cambridge Engineering Selector (CES) software’. These
assessments require the input of a bill of materials for the product in question and the definition of
generic processing routes as well as information relating to energy consumption during use and
likely disposal routes at end of life. The assessment also takes into account the impacts of shipping
the finished item at end of life.

As well as the use of software to assess the overall carbon and energy impacts of the products in
guestion a design review in respect of CE principles was also undertaken. This involved the physical
teardown and examination of the product to identify areas of concern / good practice.

2.1 Physical Teardown and Assessment

Detailed bills of materials containing list of materials, components and weights were not available
for the product being assessed. Therefore the product was physically disassembled. This allowed the
identification of material types, the measurement of their weights and the assessment of processing
routes used. The teardown included the packaging as well as the product itself.

The product was broken down into its constituent parts. Each part was weighed, materials identified
and, where possible, the processing routes identified. Where components or materials were joined
together they were separated if possible. Where multi-material components were impossible to
separate estimates were made in regard if the weights of the different constituent materials.

As well as assessing quantifiable parameters the product were considered in respect of use of
recycled content, ease of recyclability and design features that affect the CE principles.

Many of the design features exist as they fulfil a functional and / or aesthetic requirement. When the
assessment was undertaken these issues were taken into account and considered when alternative
solutions were proposed.

The physical teardown gives and invaluable insight into the design, form and function of a product.
The process of disassembly shows how easy materials and components are to separate, highlights
issues relating to materials, processes, design and the implications these have on durability, use
patterns and end of life options.

! http://www.grantadesign.com/products/ces
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2.2 Use of CES Software

The quantitative information gained from the physical teardown stage was used to undertake a
whole-life impact assessment using Granta CES Software. This software uses a database of materials
properties (which included environmental measures such as Energy and CO,e) to generate a whole
life cycle impact and communicate how each life cycle stage contributes to this.

The bill of materials were entered and estimates of energy consumption during use were also added.
The product is manufactured in China so the transport of the products to the UK by sea freight was
included in the assessment. Finally, the expected end of life scenario for the product was described
in CES. As this product is a small electrical item which come under the requirements of the WEEE
Directive it is anticipated that it would be returned or collected for recovery and recycling. In the
majority of cases these types of products are shredded and material recovery is undertaken where
possible. For the assessment an end of life scenario of ‘downcycling’ was specific for the majority of
materials in both products as it is very unlikely that they would go through a closed loop recycling
process and the materials be re-used in similar products.

The expected life of the product was set at 5 years. The assumptions made in respect of energy
consumption is shown later in this report.

The results were exported into MS Excel to allow manipulation of the figures and presentation in a
pie-chart format.

3 Product Assessment Results

3.1 Summary of Lice Cycle Impacts

Using the bill of materials generated form a teardown of the product and certain assumptions about
the end-of-life scenarios for the materials and components a simplified life cycle assessment was
undertaken using CES Selector software. This is an ‘indicative’ study that allows the identification of
the largest areas of life cycle impact in terms of energy and carbon. It is not a scientifically rigorous
study but can be used to identify areas where changes can be made in the product’s design to allow
overall life cycle impacts to be reduced. A product life of 5 years has been presumed for this
assessment.

The overall life cycle carbon footprint is just over 60kg. Figure 1 details the different life cycle
contributions to this overall figure.
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Figure 1 - Overall Life Cycle carbon impact of the BT6500

As can be seen the vast majority of the impact of the product comes from the use of energy during
its use.

3.2 Total material intensity

To deliver its function over its 5 year life the produce uses a total of 0.690 kg of materials in terms of
the physical product manufacture. It does not account for any materials and wastage apparent in the
extraction/refining/processing stages. This includes packaging and batteries but does not include
any repairs or accessories that are added during the product’s life.

In respect of circular economy goals a number of issues can be highlighted.

3.2.1 Total recycled content

The total recycled content of the product is currently very low. Only the metals content will contain
recyclate as the supply chains of these materials use an amount of recyclate as standard practice. All
the polymers used are currently 100% virgin. Therefore it is estimated that only 22% of the current
product (by weight) is made from recycled materials.

3.2.2 Total easily recyclable

The design of the product and the manufacturing operations used to make it have an effect on how
easy it is to recycle at the end-of-life and recovery materials for re-use. This product contains a
number of different materials and components, some of which are permanently bonded together.
This will compromise the ability to recover materials for recycling and may mean that the product
ends up being ‘downcylced’. In downcycling a material is processed into a material of lower quality.
Typical examples include the conversion of: PET drink bottles into fibres for fleece clothing, crushing
concrete and brick for use as an aggregate replacement, and reprocessing PP packaging as a wood
replacement (decking, park benches). Although it does recover materials, value is much reduced
when compared to recycling (where material is reprocessed into a material of similar quality).

Currently is it estimated that the opportunities to recycle, downcycle and landfill the products are as
shown in figure 2.

7|Page



52

End of Life of Materials (by weight)

25%

M Recycle
57%
18% B Downcycle

Landfill

Figure 2 - Estimated end of life routes for materials (by weight)

These figures are a ‘best case’ scenario, based on the assumption that any clean easily separated
non-contaminated plastics will be recycled as will the metals as they can be easily separated even
after a product has been shredded. The majority of the materials and components will be
downcycled through a shredding process, which is the most likely route for small electrical products
like this.

3.2.3 Overall Energy consumption

The product requires energy to function. The phones are battery powered and need recharging, and
the main base acts as the main connection for the phones and has a powered answer phone
function.

The power supplies for the bases are rated as 7.5v at 300 mA and therefore will draw 2.25w at full
power. The trickle change / standby power use is unknown but expected to be in the region of 0.25w
which is similar to that of a mobile phone charger. If we presume that the use of the phones will be
split as follows (based on 8760 hours in a year and a 5 year life):

Full power use 20% main unit / 0% slave unit
Full power charge 10% main unit / 10% slave unit
Standby / trickle charge 70% main unit / 90% slave unit

The overall energy use will be as shown in Table 1.

Percentage use Number of hours | Watts per hour Total Watts

Main Slave Main Slave Main Slave Main Slave
Full power use 20% 0% 8,760 0 2.25 0 19,710 0
Full power charge 10% 10% 4,380 4,380 2.25 2.25 9,855 9,855
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| standby / Trickle |  70% 90% | 30,660 | 39,420 | 0.25 | 025 | 7,665 | 9,855 |

Table 1 - In use energy consumption over phone's lifecycle (5 years)

Total in-use energy consumption over 5 years is approximately 57 kWh.

If this energy is supplied by the UK grid the associated carbon impacts® would be 33.62kg CO,e. NB
the CES model uses a more simplified approach to energy use and therefore produces slightly
different figures.

3.2.4 Conflict minerals

Conflict minerals are minerals mined in conditions of armed conflict and human rights abuses,
notably in the eastern provinces of the Democratic Republic of the Congo. The profits from the sale
of these minerals finance continued fighting in wars, and control of lucrative mines becomes a focus
of the fighting as well. The most commonly mined minerals are cassiterite, wolframite, coltan, and
gold, which are extracted from the Eastern Congo, and passed through a variety of intermediaries
before being purchased by multinational electronics companies.

e (Coltan is the metal ore from which the element tantalum is extracted. Tantalum is used
primarily for the production of capacitors, particularly for applications requiring high
performance, a small compact format and high reliability, ranging widely from hearing aids
and pacemakers, to airbags, GPS, ignition systems and anti-lock braking systems in
automobiles, through to laptop computers, mobile phones, video game consoles, video
cameras and digital cameras.

e (Cassiterite is the chief ore needed to produce tin, essential for the production of tin cans and
solder on the circuit boards of electronic equipment. Tin is also commonly a component of
biocides, fungicides and as tetrabutyl tin/tetraoctyl tin, an intermediate in polyvinyl chloride
(PVC) and high performance paint manufacturing.

e Wolframite is an important source of the element tungsten. Minimal amounts are used in
electronic devices, including the vibration mechanism of mobile phones.

e Goldis used in jewellery, electronics, and dental products. It is also present in some
chemical compounds used in certain semiconductor manufacturing processes.

The telephones will contain tantalum in the capacitors used in the electronics, tin in the solder used
for the printed circuit boards and gold as a solderable coating on some of the circuit boards. It is
unlikely that the phone contains tungsten.

3.3 Bill of materials Assessment

3.3.1 Component 1 - Packaging

The packaging used for this product comprised sole of paper and cardboard. A corrugated cardboard
outer box contains die cut corrugated cardboard inserts. Separate components are wrapped in tissue
paper to protect their surface finishes.

? UK Grid electricity CO,e is 0.58982 kg per kWh (Source DEFRA GHG Conversion Factors 2012)
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Figure 3 - BT6500 Consumer Packaging

e Material — Cardboard / Paper
e Recycled content - ??

o  Weight—94g

e Renewable / sustainable — Yes
e Conflict Minerals? - No

e Marked for recycling? - ??

e Coatings — Varnish and print

e Readily recyclable - YES

e Removal — N/A

3.3.2 Component 2 - Handset (x 2)
The phone set assessed contained 2 identical handsets. Theses comprise of plastic mouldings,
printed circuit boards and other components.

Figure 4 - BT6500 Handset

3.3.2.1 Handset Battery Cover

The cover is a relatively simple injection moulded piece. It has a spark eroded finish on the outside
and is not coated. It is marked for recycling, using the Mobius loop and the letters <ABS>. It is easily
removed from the phone and will be easily recycled as it is a single material

10|Page

54



Figure 5 - Handset Battery cover

e Material — ABS

e Recycled content — 0%

o Weight-8.7g

e Renewable / sustainable — NO
e Conflict Minerals? - NO

e Marked for recycling? - YES

e (Coatings— NONE

e Readily recyclable - YES

e Removal —clips off

3.3.2.2 Handset Casing
The handset consists of 2 parts; and upper and lower casing. These are held together with 2 screws
and moulded in clips.

Figure 6 - Phone casings

The lower part of the handset casing is injection moulded in ABS. It contains a speaker unit as well as
steel battery contacts. It has a spark eroded finish on the outside and is not coated. It is marked for
recycling, using the Mobius loop and the letters <ABS>. The speaker is bonded into the moulding and
is not easy to separate. It also utilises a foam pad — presumably to reduce vibrations. This
component would be difficult to recycle due to ‘contamination’ of polymer with the bonded in
speaker and foam.
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Figure 7 - Speaker bonded into lower handset moulding

Figure 8 - Handset lower casing components

Lower casing

e Material — ABS / speaker unit / foam

e Recycled content — 0%

e Weight—(22.1g/7.6g/0.3g) — total 30g

e Renewable / sustainable — NO

e Conflict Minerals? - No

e Marked for recycling? - YES

e (Coatings —none

e Readily recyclable - NO

e Removal — removal of 2 screws to separate the 2 halves of the casing. Then clips apart.
Battery contacts clip out. Speaker unit has to be broken out as it is bonded in.

The upper part of the handset casing is again injection moulded in ABS. This is a more complex
moulding than the lower part as it contains a ‘window’ for a screen, a keypad and a printed circuit
board. It has a spark eroded finish and is painted in some areas to give a silver colour. It is marked
for recycling on the inside, using the Mobius loop and the letters <ABS>. It contains foam pads
bonded to the plastic which would compromise the recyclability of the piece. The screen is bonded /
ultrasonically welded in to the casing.
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Figure 9 - Handset Upper Casing Moulding

Figure 10 - Details of silver paint on upper handset casing

Upper Casing

e Material — ABS / foam

e Recycled content — 0%

o Weight-22.1g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - YES

e Coatings — painted

e Readily recyclable - NO

e Removal — removal of 2 screws to separate the 2 halves of the casing. Then clips apart.
Screen has to be broken out as it is bonded in.

3.3.2.3 Handset key pad

The keypad used in the handset consists of various components made form silicone, steel and ABS.
The back on the pad is made from flexible silicone and the ABS buttons are bonded (as separate
pieces) to this. A steel spacer is used between the keypad and the circuit board. Due to the use of
differing materials that are permanently bonded together this component could not be recycled
back into its constituent materials.
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Figure 11 - Handset Keypad

Figure 12 - Handset keypad component parts

e Material — Silicone / ABS / Steel

e Recycled content — 0%

e Weight— (5.6g/6.5g/2.9g) Total 15g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings — printed buttons

e Readily recyclable - NO

e Removal —simply sits into the handset, so very easily removed one the casing of the handset
are separated.

3.3.2.4 Handset circuit board assembly

The circuit board assembly used in the handset consists of a number of components. The main PCB,
and LCS screen assembly, a speaker and wires. It is easily removed as a whole unit from the handset
casing as it is simply clipped in. Once the assembly is removed the component parts are more
difficult to separate as some of them are bonded in. The speaker is bonded into the ‘frame’ of the
LCD screen and the LCD screen itself is also bonded into the ‘frame’
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Figure 13 - Circuit board assembly components

Figure 14 - Front of PCB showing LCD screen and frame and switch pads for buttons

Figure 15 - Details of rear of PCB

Figure 16 - Details of LCD screen and diffuser components

Material — PCB/LCD/PC/ABS/other

Recycled content — 0%

Weight - (17.7g/6.9g/2.8g / 2.3g / 4.05g ) Total 33.75g
Renewable / sustainable — NO

Conflict Minerals? — Potentially (LCD and others)

Marked for recycling? - NO
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e Coatings — conformal coating on PCB

e Readily recyclable — NO — not with all different materials bonded together. PCB should be
able to go for precious metal recovery.

e Removal — PCB assembly clips into the casing and is easily removed. Speaker and LCD unit
are bonded into the PCB assembly

3.3.2.5 Handset screws
The handset contains only 2 screws. These are sued to hold the two main halves of the casings
together. Everything else is clipped in to the casing or bonded to other components.

3.3.3 Component 3 - Main Base Unit

The two handsets have a base each. The main base unit is the larger of the 2 and contains the
answer phone facility and is therefore more complex than the other ‘salve’ base unit. It consists of
an upper and lower casing, a separately moulded ‘cradle’ in which the phone sits, circuit boards and
a keypad assembly.

Figure 17 - Main base unit

Figure 18 - Main base unit casings
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Figure 19 - Main base upper case components

3.3.3.1 Main Base Casings

The main base unit consists of two casings moulded from ABS, a further ABS moulding that screws
into the top casing (where the phone sits), 2 circuit boards and 2 metal connectors. The cases are
injection moulded and have a spark eroded finish the same as used on the handsets. Areas of the
upper casing are painted silver and it also contains a logo ‘button’ of an unknown material which is
bonded onto the casing. The cradle in which the phone sits is a separate ABS moulding which is
screwed into the upper casing. The casings are held together with 2 screws and once these are
removed they clip apart. The circuit board in the lower half is clipped in place, whereas the circuit
board in the upper half is screwed in place as this also supports the keypad.

The lower part of the casing has 4 rubber (EPDM) feet stuck on. This is done to help create friction
between the base and the surface on which it is standing. The bonding of this material to the ABS
will cause contamination and difficulties in recycling.

Both halves of the casing are marked for recycling.

Figure 20 - Main base lower casing and circuit board
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Figure 21 - Underside of main base lower casing showing feet

Figure 22 - Details of base showing silver paint and logo 'button’

Figure 23 - Phone cradle moulding and contacts

Lower Casing

e Material — ABS/EPDM

e Recycled content — 0%

e Weight— (48g/0.7g) Total 48.7¢g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — ABS component Yes, Feet No

e (Coatings— None

o Readily recyclable — NO — EPDM feet contaminate

e Removal —remove 2 screws and separated from upper part. Feet needs to be prized off as
bonded.

Upper casing

e Material — ABS/Unknown

e Recycled content — 0%

e Weight— (28g/0.1g) Total 28.1g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — Yes (does not include button)

e Coatings — Sliver paint and printing

e Readily recyclable — Unknown — possible contamination from logo ‘button’
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e Removal —remove 2 screws and separated from lower part. Logo ‘button’ needs to be prized
off as bonded.

Phone ‘cradle’

e Material — ABS/steel

e Recycled content — 0%/Typical

e Weight— (4.8g/0.4g) Total 48.4g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — Yes

e (Coatings—None

e Readily recyclable — Yes but removal of contact would make it easier

e Removal —remove 2 screws and separated from upper casing. Steel spring contact clip out
of the moulding.

3.3.3.2 Main Base Circuit Boards

The circuit boards used in the upper and lower sections of the main base differ from each other in
the materials used. The one in the lower part is an FR4 type glass-reinforced epoxy laminate double-
sided board whereas the one used in the upper casing seems to be a single side board.

Figure 24 - Main base Lower PCB

Figure 25 - Main base upper PCB in-situ

Lower PCB

e Material — Double side PCB
e Recycled content — 0%
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e Weight— 13.3g

e Renewable / sustainable — NO

e Conflict Minerals? - Possibly

e Marked for recycling? - NO

e Coatings — conformal coating on PCB

e Readily recyclable — Yes (precious metal recovery)

e Removal —clips into lower base casing, so very easily removed one the 2 halves of the base
are separated.

Upper PCB

e  Material — Single side PCB

e Recycled content — 0%

o  Weight— 4.9¢g

e Renewable / sustainable — NO

e Conflict Minerals? - Possibly

e Marked for recycling? - NO

e (Coatings—None

e Readily recyclable — Yes (precious metal recovery)

e Removal — need to remove 5 screws to separate the PC from the upper case moulding.

3.3.3.3 Main Base Keypad

The keypad used in main base is the same format as that used in the handset. It consists of various
components made form silicone, steel and ABS. The back on the pad is made from flexible silicone
and the ABS buttons are bonded (as separate pieces) to this. There is also an ABS ‘frame’ around the
buttons. Unlike the keypad in the handset there is no steel spacer is used between the keypad and
the circuit board. In this case it is a very thin polymer spacer. The edges of some of the buttons /
frame are painted silver and the buttons are printed. Due to the use of differing materials that are
permanently bonded together this component could not be recycled back into its constituent
materials.

Figure 26 — Front of the main base unit keypad assembly
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Figure 27 - Rear of the main base unit keypad assembly

e Material — Silicone / ABS / Unknown

e Recycled content — 0%

e Weight— (6.4g/8.5g/0.05g ) Total 14.95¢g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings —silver paint and printed buttons

e Readily recyclable - NO

e Removal —simply sits into the base but is held behind a circuit board that needs 5 screws
removing to allow access to the keypad.

3.3.4 Component 4 - Slave Base

The second handset is used in conjunction with a ‘slave’ base unit. This unit is smaller and simpler
than the main base and serves as a cradle and charging station. It has no other functions (such as
answer phone).

Figure 28 - Salve base unit
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Figure 29 - Slave base unit casings

3.3.4.1 Slave Base casings

The slave base unit consists of two casings moulded from ABS, an additional ABS moulding to cradle
the phone, 1 small circuit board, a metal weight and various wires connectors and screws. The cases
are injection moulded and have a spark eroded finish the same as used on the handsets. Areas of the
upper casing are painted silver and it also contains a logo ‘button’ of an unknown material which is
bonded onto the casing. The casings are held together with 2 screws and once these are removed
they clip apart. The cradle is removed from the lower casing by the extraction of 2 further screws.
The circuit board in the upper half is fixed in place with 2 screws. The weight in the base is screwed
in and a sealant is applied over the screws to lock them in place. The lower part of the casing has 4
rubber (EPDM) feet stuck on. This is done to help create friction between the base and the surface
on which it is standing. The bonding of this material to the ABS will cause contamination and
difficulties in recycling.

Both halves of the casing are marked for recycling.

Figure 30 - Underside of slave base lower casing showing feet

Figure 31 - Slave base upper casing components
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Figure 32 - Detail of weight in slave base and sealant on screws

Figure 33 - Detail of silver paint on slave base

Lower Casing

e Material — ABS/EPDM/Steel

e Recycled content — 0%

e Weight— (33.4g/0.7g/31.2 ) Total 65.3g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — ABS component Yes, Feet No

e (Coatings—None

e Readily recyclable — NO — EPDM feet contaminate, steel weight and screws are sealed in.

e Removal —remove 2 screws and separated from upper part. Feet needs to be prized off as
bonded.

Upper casing

e Material — ABS/Unknown

e Recycled content — 0%/0%

e Weight— (21.8g/0.05g) Total 21.85g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — Yes (does not include button)

e Coatings — Sliver paint and printing

e Readily recyclable — Unknown — possible contamination from logo ‘button’
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e Removal —remove 2 screws and separated from lower part. Logo ‘button’ needs to be prized
off as bonded.

Phone ‘cradle’

e Material — ABS/steel

e Recycled content — 0%/Typical

e Weight— (4.8g/0.4g) Total 48.4g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — Yes

e (Coatings—None

e Readily recyclable — Yes but removal of contact would make it easier

e Removal —remove 2 screws and separated from upper casing. Steel spring contact clip out
of the moulding.

3.3.4.2 Slave Base circuit boards

The circuit board used in the upper sections of the slave base is an FR4 type glass-reinforced epoxy
laminate double-sided board. It is held in place with 2 screws and contains 3 ‘trailing’ wires whose
soldered connections to the board are strengthened with the use of silicone.

Figure 34 - Salve base circuit board in situ

Figure 35 - Detail of slave base circuit board components

Salve base PCB

e Material — Double side PCB
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e Recycled content — 0%

e  Weight — 4.9g (includes wires and connector)

e Renewable / sustainable — NO

e Conflict Minerals? - Possibly

e Marked for recycling? - NO

e Coatings — conformal coating on PCB

e Readily recyclable — Yes (precious metal recovery)

e Removal —remove 2 screws to separate the board from the lower base casing

3.4 Proposed Design Changes

To propose appropriate design changes that will help make a tangible different in the overall life
cycle impacts of the phone these changes need to be considered in respect of the goals of a ‘circular
economy’ Two reports’, published in 2013 by the Ellen Macarthur Foundation explain these
principles in detail.

The reports suggest that manufacturers should ‘specify the purpose and performance of the end-
products, more than those of the input materials’. It goes on to suggest that designers should specify
‘pure materials in their production process since they are easier to sort at end of life’. The report
also highlights that besides material selection, other areas important for economically successful
circular design are standardised components, designed-to-last products, design for easy end-of-life
sorting, separation or reuse of products and materials, and design-for-manufacturing criteria that
take into account possible useful applications of by-products and wastes.

The principles relevant to this particular product can be summarised as follows:

e Improve the easy of reuse and recovery of materials

e Match the durability requirements of the product to the durability of the design
e Shift to renewable energy sources

e Build in modularity

e Think in systems rather than specific physical products

These will apply to general design themes observed in this product and can be addresses in the
following ways:

3.4.1 Improving materials recovery and recycling

The telephone uses a number of components which are manufactured from different materials
which are not compatible for recycling. This means that the recovery of the materials at end of life
becomes very difficult is not impossible.

Practices observed in this product included, bonding foam to plastic components, bonding electronic
components to plastic casings, bonding different types of plastics together, coating screws with
sealant.

In order to address this, new designs should:

* Towards the Circular Economy Reports 1 and 2. Ellen Macarthur Foundation 2013
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Ensure materials are clearly marked to aid recycling
Attempt to reduce the mix of incompatible materials to a minimum

3. If there are incompatible materials they should be east to separate and bonding them
together should be avoided at all costs

4. Carefully consider the use of any coatings and how they might affect the recyclability of the
materials to which they are applied.

5. Tryto group similar materials together to allow easier recovery and minimal separation
operations.

6. Can new technologies be used to reduce the complexity of current components? E.g. a touch
screen as part of the current LCD panel rather than a spate complex keypad.

7. Consider designing components in a way that allows their re-use (if appropriate and viable in
the particular product system).

3.4.2 Durability of design
When considering how durable the product needs to be, designers should consider a number of
different factors such as:

What are the real use patterns of the product

How long should it last (consumer expectations)

What is its useful technological life — will it become obsolete due to changes in technology?
Is it appropriate to update and repair the product (costs, expected life etc.?)

| the product a system in its own right or is it part of another system that might change over

u kR wN R

time

If these issues are considered the products should be ‘appropriate’ in terms of durability and
expected life. It | possible to ‘overdesign’ products and make them more robust and more material
intensive than they actually need to be.

3.4.3 Renewable Energy Sources

The product only uses a small amount of energy in terms of the power requirement to run the
system. However the power is required constantly. There are a number of options in terms of
renewable energy such as solar for this particular product but the following issues need to be

considered:
1. How reliable is the supply of renewable energy?
2. Does it need to be stored?
3. Canitsupply the required level of power / energy
4. Does it mean that the product will have to be placed in a specific position (e.g. near a

window).

3.4.4 Modularity

Designing in modularity can bring be to product in respect of the circular economy. Modularity can
help extend a product’s life, reduce repair costs and allow for easy upgrading. The effectiveness and
appropriateness of this approach will depend on a number of factors:

1. What s the expected life of the product — is modularity a sensible approach for short life
products?
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2. What advantages does modularity offer?
3. Consider how this will affect the way spare parts and upgrades are sold.

This telephone already demonstrates the use of some modularity principles. The handsets are
interchangeable and there are some common parts used in the bases. The ability to replace just a
handset (should one fail) would be a move towards are more circular approach. Currently if a user
needs a new handset it can only be purchased together with a new base unit. Supplying just a
handset, if that is all that is required, would reduce the material burden.

3.4.5 Systems

Many products are sold as ‘standalone’ systems. Modern technology and advances in computing,
communications technology and home networking mean that in many cases the functions
traditionally supplied by a range of standalone products can now be supplied by an integrated
system.

For example the pone has a built in answer phone facility that requires the use of components and
materials. Many communication providers now offer a ‘virtual’ answer machine as part of the
provision therefore it is likely that the majority of users of the BT6500 will ever utilise the built in
answer phone.

Also many people now use a mobile phone as their main means of contact and are using landlines
less and less. The integration of mobiles, via connection systems such as Bluetooth, into a landline
‘server’ would allow a landline number but would not require the use of all the hardware needed for
separate handsets. Only a small base transmitter / receiver would be needed.

The integration of products into new emerging IT and communication systems will mean that the
form of many products as we currently know them will change dramatically over the coming years.
This could considerably reduce overall resource use for the delivery of a range of services.

See the main summary report for more detailed design proposals.
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Product Name

Product Life (years)

Eco Audit Report

BT 6500 Twin Handset DECT Phone

5

Energy and CO2 Footprint Summary:

Energy Details...

CO2 Details...
Phase Energy (MJ) Energy (%) CO2 (kg) CO2 (%)
Material 137 22.1 8.59 22.1
Manufacture 8.89 14 0.667 1.7
Transport 2.7 0.4 0.192 0.5
Use 471 76.0 29.4 75.6
Disposal 0.506 0.1 0.0354 0.1
Total (for first life) 620 100 38.9 100
End of life potential -21 -0.769
BT 6500 CES Assessment NOTE: Differences of less than 20% are not usually significant. Page 1 of 15
v2.prd See notes on precision and data sources. 4 July 2013
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click:DataPrecision

Eco Audit Report

Energy Analysis

Energy and CO2 Summary

Energy (MJ)/year

Equivalent annual environmental burden (averaged over 5 year product life):

124

BT 6500 CES Assessment Report generated by
v2.prd CES Selector 2013 (C) Granta Design Ltd.

Page 2 of 15
4 July 2013
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Detailed breakdown of individual life phases

Material: Energy and CO2 Summary
Part Total mass
. Recycled Energy o
Component Material content* (%) mass | Qty. | processed** (M3) %
(kq) (kg)
Packaging (outer box) Cardboard 50.0% 0.084 1 0.088 2.8 2.0
Packaging inner box Paper (cellulose based) 75.0% 0.14 1 0.15 4.4 3.2
. ABS (medium-impact, .
Handset upper casing iniection molding) Virgin (0%) | 0.021 2 0.042 4 2.9
Hanndset lower casing ABS (medium-impact, Virgin (0%) | 0.022 | 2 0.044 4.2 3.1
injection molding)
Handset battery cover ABS (medium-impact, Virgin (0%) | 0.087 | 2 0.17 17 12.1
injection molding)
Handset PCB Printed circuit board assembly | Virgin (0%) | 0.018 2 0.035 4.6 3.4
Handset LCD LCD panel (liquid crystal [\, i (006) [0.0069] 2 0.014 33 2.4
display)
Handset LCD Diffuser PC (high viscosity, molding | \/;5in (00) [0.0028] 2 0.0056 0.61 0.4
and extrusion)
Hanset LCD ‘frame’ ABS (medium-impact, virgin (0%) [0.0023| 2 0.0046 0.44 0.3
injection molding)
Handset Speaker Carbon steel, AISI1010, | 1yica104 |0.0035| 2 0.007 0.13 0.1
annealed
Main base lower casing ABS (medium-impact, Virgin (0%) | 0.048 | 1 0.048 46 33
injection molding)
Main base upper casing ABS (medium-impact, Virgin (0%) | 0.028 | 1 0.028 2.7 1.9
injection molding)
Main base phone 'cradle’ ABS (medium-impact, Virgin (0%) [0.0048| 1 0.0048 0.46 03
injection molding)
Main base upper circuit board | Printed circuit board assembly | Virgin (0%) | 0.013 1 0.013 17 1.3
Main base lower circuit borad | Printed circuit board assembly | Virgin (0%) [0.0049]| 1 0.0049 0.64 0.5
. Ethylene propylene (diene) PSP
Main base feet (EPDM/EPM. unreinforced) Virgin (0%) |0.0007| 1 0.0007 0.066 0.0
Screws and metal contatcs Carbon steel, AISI1010, | ¢ a1 06 [0.0020( 1 0.0029 0053 | 00
annealed
Main base keypad frame ABS (medium-impact, Virgin (0%) [0.0039| 1 0.0039 0.37 03
injection molding)
Main base keypad buttons ABS (medium-impact, Virgin (0%) [0.0049| 1 0.0049 0.47 03
injection molding)
Main base keypad ‘pad" Silicone (VMQ, heat cured, |\, i (06) [0.0064| 1 0.0064 0.89 0.6
low hardness)
Slave base upper casing ABS (medium-impact, Virgin (0%) | 0.022 | 1 0.022 2.1 15
injection molding)
Slave base lower casing ABS (medium-impact, Virgin (0%) | 0.033 | 1 0.033 3.2 2.3
injection molding)
Slave base phone ‘cradle’ ABS (medium-impact, Virgin (0%) [0.0048| 1 0.0048 0.46 0.3
injection molding)
Slave base circuit board Printed circuit board assembly | Virgin (0%) [0.0016] 1 0.0016 0.21 0.2
Slave base wires Cable Virgin (0%) ]|0.0033| 1 0.0033 0.3 0.2
Slave base weight connectors Carbon steel, AISI 1010, Typical % | 0.033 1 0033 06 04
and screws annealed
Ethylene propylene (diene) L
Slave base feet (EPDM/EPM. unreinforced) Virgin (0%) [0.0007| 1 0.0007 0.066 0.0
Power supply Power supply unit Virgin (0%) | 0.085 2 0.17 77 56.3
Total 37 0.95 1.4e+02 100
*Typical: Includes 'recycle fraction in current supply’
*Where applicable, includes material mass removed by secondary processes
BT 6500 CES Assessment Report generated by Page 3 of 15

v2.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



Manufacture: Energy and CO2 Summary
Component Process % Removed Amount processed |Energy (MJ) %
Packaging (outer box) Cutting and trimming 5 0.0044 kg 0.0013 0.0
Packaging inner box Cutting and trimming 5 0.0075 kg 0.0023 0.0
Handset upper casing Polymer molding - 0.042 kg 0.87 9.8
Hanndset lower casing Polymer molding - 0.044 kg 0.91 10.3
Handset battery cover Polymer molding - 0.17 kg 3.6 40.4
Handset LCD Diffuser Polymer molding - 0.0056 kg 0.11 1.2
Hanset LCD 'frame' Polymer molding - 0.0046 kg 0.095 1.1
Main base lower casing Polymer molding - 0.048 kg 0.99 11.2
Main base upper casing Polymer molding - 0.028 kg 0.58 6.5
Main base phone ‘cradle’ Polymer molding - 0.0048 kg 0.099 11
Main base feet Polymer molding - 0.0007 kg 0.012 0.1
Screws and metal contatcs Rough rolling, forging - 0.0029 kg 0.0078 0.1
Main base keypad frame Polymer molding - 0.0039 kg 0.081 0.9
Main base keypad buttons Polymer molding - 0.0049 kg 0.1 1.1
Main base keypad 'pad’ Polymer molding - 0.0064 kg 0.095 1.1
Slave base upper casing Polymer molding - 0.022 kg 0.45 5.1
Slave base lower casing Polymer molding - 0.033 kg 0.69 7.8
Slave base phone 'cradle’ Polymer molding - 0.0048 kg 0.099 11
:r'lad":cl::;i el AT Rough rolling, forging - 0.033 kg 0.089 1.0
Slave base feet Polymer molding - 0.0007 kg 0.012 0.1
Total 8.9 100
BT 6500 CES Assessment Report generated by Page 4 of 15

v2.prd

CES Selector 2013 (C) Granta Design Ltd.

4 July 2013
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Transport:

Breakdown by transport stage

Total product mass = 0.94 kg

Energy and CO2 Summary

Stage name Transport type Distance (km) Energy (MJ) %
Transport from China Sea freight 1.8e+04 2.7 100.0
Total 1.8e+04 2.7 100
Breakdown by components

Component Component mass (kg) Energy (MJ) %

Packaging (outer box) 0.084 0.24 8.9

Packaging inner box 0.14 0.41 15.2

Handset upper casing 0.042 0.12 45

Hanndset lower casing 0.044 0.13 4.7

Handset battery cover 0.17 0.5 18.5

Handset PCB 0.035 0.1 3.8

Handset LCD 0.014 0.04 1.5

Handset LCD Diffuser 0.0056 0.016 0.6

Hanset LCD ‘frame’ 0.0046 0.013 0.5

Handset Speaker 0.007 0.02 07

Main base lower casing 0.048 0.14 5.1

Main base upper casing 0.028 0.081 3.0

Main base phone ‘cradle’ 0.0048 0.014 0.5

Main base upper circuit board 0.013 0.038 1.4

Main base lower circuit borad 0.0049 0.014 0.5

Main base feet 0.0007 0.002 0.1

Screws and metal contatcs 0.0029 0.0084 0.3

Main base keypad frame 0.0039 0.011 0.4

Main base keypad buttons 0.0049 0.014 0.5

Main base keypad ‘pad' 0.0064 0.018 0.7

Slave base upper casing 0.022 0.063 2.3

Slave base lower casing 0.033 0.096 3.6

Slave base phone 'cradle’ 0.0048 0.014 0.5

Slave base circuit board 0.0016 0.0046 0.2

Slave base wires 0.0033 0.0095 0.4

::I:;/::ase weight connectors and 0033 0.094 a5

Slave base feet 0.0007 0.002 0.1

Power supply 0.17 0.49 18.0

Total 0.94 2.7 100

BT 6500 CES Assessment Report generated by Page 5of 15
v2.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



Use: Energy and CO2 Summary

Static mode

Energy input and output type riggtt?;nt(()jzn;)
Use location United Kingdom
Power rating (W) 1.3
Usage (hours per day) 24
Usage (days per year) 3.7e+02
Product life (years) 5

Relative contribution of static and mobile modes

Mode Energy (MJ) %

Static 4.7e+02 100.0

Mobile 0

Total 4.7e+02 100

Disposal' Energy and CO2 Summary
BT 6500 CES Assessment Report generated by Page 6 of 15

v2.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



Component En;ip(t?ifc)llj]fe % recovered Er(1'\e/|r\]g)y %

Packaging (outer box) Recycle 100.0 0.059 11.6
Packaging inner box Recycle 100.0 0.1 19.8
Handset upper casing Downcycle 100.0 0.021 4.2
Hanndset lower casing Recycle 100.0 0.031 6.1
Handset battery cover Recycle 100.0 0.12 24.1
Handset PCB Downcycle 100.0 0.018 35
Handset LCD Landfill 100.0 0.0028 0.5
Handset LCD Diffuser Downcycle 100.0 0.0028 0.6
Hanset LCD ‘frame’ Downcycle 100.0 0.0023 0.5
Handset Speaker Landfill 100.0 0.0014 0.3
Main base lower casing Recycle 100.0 0.034 6.6
Main base upper casing Landfill 100.0 0.0056 11
Main base phone ‘cradle’ Recycle 100.0 0.0034 0.7
Main base upper circuit board Downcycle 100.0 0.0067 1.3
Main base lower circuit borad Downcycle 100.0 0.0025 0.5
Main base feet Downcycle 100.0 0.00035 0.1
Screws and metal contatcs Recycle 100.0 0.002 0.4
Main base keypad frame Landfill 100.0 0.00078 0.2
Main base keypad buttons Landfill 100.0 0.00098 0.2
Main base keypad 'pad' Landfill 100.0 0.0013 0.3
Slave base upper casing Downcycle 100.0 0.011 2.2
Slave base lower casing Downcycle 100.0 0.017 3.3
Slave base phone 'cradle’ Downcycle 100.0 0.0024 0.5
Slave base circuit board Downcycle 100.0 0.0008 0.2
Slave base wires Downcycle 100.0 0.0017 0.3
Slave base weight connectors and screws Recycle 100.0 0.023 4.5
Slave base feet Downcycle 100.0 0.00035 0.1
Power supply Landfill 100.0 0.034 6.7
Total 0.51 100

EoL potential:

BT 6500 CES Assessment
v2.prd

Report generated by

CES Selector 2013 (C) Granta Design Ltd.

Page 7 of 15
4 July 2013
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Component En;ip(t?ifc)llj]fe % recovered Er(1'\e/|r\]g)y %
Packaging (outer box) Recycle 100.0 -1.1 5.4
Packaging inner box Recycle 100.0 -1 5.0
Handset upper casing Downcycle 100.0 -0.53 25
Hanndset lower casing Recycle 100.0 -2.8 13.2
Handset battery cover Recycle 100.0 -11 52.0
Handset PCB Downcycle 100.0 0 0.0
Handset LCD Landfill 100.0 0 0.0
Handset LCD Diffuser Downcycle 100.0 -0.08 0.4
Hanset LCD ‘frame’ Downcycle 100.0 -0.058 0.3
Handset Speaker Landfill 100.0 0 0.0
Main base lower casing Recycle 100.0 -3 14.3
Main base upper casing Landfill 100.0 0 0.0
Main base phone ‘cradle’ Recycle 100.0 -0.3 14
Main base upper circuit board Downcycle 100.0 0 0.0
Main base lower circuit borad Downcycle 100.0 0 0.0
Main base feet Downcycle 100.0 0 0.0
Screws and metal contatcs Recycle 100.0 -0.032 0.2
Main base keypad frame Landfill 100.0 0 0.0
Main base keypad buttons Landfill 100.0 0 0.0
Main base keypad 'pad' Landfill 100.0 0 0.0
Slave base upper casing Downcycle 100.0 -0.27 1.3
Slave base lower casing Downcycle 100.0 -0.42 2.0
Slave base phone 'cradle’ Downcycle 100.0 -0.06 0.3
Slave base circuit board Downcycle 100.0 0 0.0
Slave base wires Downcycle 100.0 0 0.0
Slave base weight connectors and screws Recycle 100.0 -0.36 1.7
Slave base feet Downcycle 100.0 0 0.0
Power supply Landfill 100.0 0 0.0
Total -21 100
Notes: Energy and CO2 Summary
BT 6500 CES Assessment Report generated by Page 8 of 15

v2.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



Eco Audit Report

CO2 Footprint Analysis

Energy and CO2 Summary

CO2 (kg)lyear

Equivalent annual environmental burden (averaged over 5 year product life):

7.77

BT 6500 CES Assessment Report generated by
v2.prd CES Selector 2013 (C) Granta Design Ltd.

Page 9 of 15
4 July 2013
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Detailed breakdown of individual life phases

Material: Energy and CO2 Summary
Recvcled Part Total mass CO2
Component Material conteynt* (%) mass | Qty. | processed** | footprint %
(ka) (ka) (kg)
Packaging (outer box) Cardboard 50.0% 0.084 1 0.088 0.087 1.0
Packaging inner box Paper (cellulose based) 75.0% 0.14 1 0.15 0.18 21
. ABS (medium-impact, -
Handset upper casing iniection molding) Virgin (0%) | 0.021 2 0.042 0.16 1.9
Hanndset lower casing ABS (medium-impact, Virgin (0%) | 0.022 | 2 0.044 0.17 2.0
injection molding)
ABS (medium-impact, SN
Handset battery cover iniection molding) Virgin (0%) | 0.087 2 0.17 0.67 7.8
Handset PCB Printed circuit board assembly | Virgin (0%) | 0.018 2 0.035 0.34 4.0
Handset LCD LCD pa”gi'sgi&\’/i)d cystal | virgin (0%) |0.0069| 2 0.014 0.25 2.9
Handset LCD Diffuser PC (h'%*;“‘j"Z‘)’(?ri'tS‘i’ég;o'd'”g virgin (0%) [0.0028| 2 0.0056 0034 | 04
Hanset LCD ‘frame’ Aﬁfiégﬁj‘:j”%:gi‘ﬁgft' virgin (0%) [0.0023| 2 0.0046 0.018 0.2
Handset Speaker Carbon ;tneneé*a ASI010. 1 Typical o6 |0.0035| 2 0.007 0.009 0.1
Main base lower casing ABS (medium-impact, Virgin (0%) | 0.048 | 1 0.048 0.18 2.1
injection molding)
. . ABS (medium-impact, -
Main base upper casing iniection molding) Virgin (0%) | 0.028 1 0.028 0.11 1.2
Main base phone ‘cradle’ A%ﬁiégﬁj‘:{“ﬁé;gﬁgft' virgin (0%) |0.0048| 1 0.0048 0.018 0.2
Main base upper circuit board | Printed circuit board assembly | Virgin (0%) | 0.013 1 0.013 0.13 15
Main base lower circuit borad | Printed circuit board assembly | Virgin (0%) [0.0049]| 1 0.0049 0.048 0.6
. Ethylene propylene (diene) PSP
Main base feet (EPDM/EPM. unreinforced) Virgin (0%) |0.0007| 1 0.0007 0.0031 0.0
Screws and metal contatcs Carbon steel, ASI 1010, | Typicalos [0.0020| 1 0.0029 0.0037 | 0.0
Main base keypad frame Aﬁﬁiégi‘ﬂ“ﬁé;gﬁgfﬁ Virgin (0%) |0.0039| 1 0.0039 0.015 0.2
Main base keypad buttons A%ﬁjég%ﬂ“ﬁé;gﬁgf“ virgin (0%) |0.0040| 1 0.0049 0.019 0.2
Main base keypad ‘pad" S"'Conleo\(,)’r'\]"a?a::;";)wred' Virgin (0%) [0.0064| 1 0.0064 0057 | 07
Slave base upper casing A'ﬁégﬁﬂ“&:&‘?ﬁgft' virgin (0%) | 0.022 | 1 0.022 0.083 1.0
Slave base lower casing ABS (medium-impact, Virgin (0%) | 0.033 | 1 0.033 0.13 15
injection molding)
Slave base phone ‘cradle’ ABlfle(gﬁ)?:”nTo;é‘?ﬁgft Virgin (0%) [0.0048| 1 0.0048 0.018 0.2
Slave base circuit board Printed circuit board assembly | Virgin (0%) [0.0016] 1 0.0016 0.016 0.2
Slave base wires Cable Virgin (0%) ]|0.0033| 1 0.0033 0.022 0.3
Slave base weight connectors | Carbon steel, AISI 1010, | 100106 | 0033 | 1 0.033 0042 | 05
and screws annealed
Ethylene propylene (diene) L
Slave base feet (EPDM/EPM  unreinforced) | Vi9in (0%) [0.0007f 1 0.0007 0.0031 0.0
Power supply Power supply unit Virgin (0%) | 0.085 2 0.17 5.8 67.3
Total 37 0.95 8.6 100

*Typical: Includes 'recycle fraction in current supply’

*Where applicable, includes material mass removed by secondary processes

BT 6500 CES Assessment
v2.prd

Report generated by

CES Selector 2013 (C) Granta Design Ltd.

Page 10 of 15
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Manufacture: Energy and CO2 Summary
CO2
Component Process % Removed Amount processed footprint %
(kg)

Packaging (outer box) Cutting and trimming 5 0.0044 kg 0.0001 0.0
Packaging inner box Cutting and trimming 5 0.0075 kg 0.00017 0.0
Handset upper casing Polymer molding - 0.042 kg 0.065 9.8
Hanndset lower casing Polymer molding - 0.044 kg 0.068 10.3
Handset battery cover Polymer molding - 0.17 kg 0.27 40.4
Handset LCD Diffuser Polymer molding - 0.0056 kg 0.0082 1.2
Hanset LCD ‘frame’ Polymer molding - 0.0046 kg 0.0071 1.1
Main base lower casing Polymer molding - 0.048 kg 0.074 111
Main base upper casing Polymer molding - 0.028 kg 0.043 6.5
Main base phone 'cradle’ Polymer molding - 0.0048 kg 0.0074 1.1
Main base feet Polymer molding - 0.0007 kg 0.00097 0.1
Screws and metal contatcs Rough rolling, forging - 0.0029 kg 0.00059 0.1
Main base keypad frame Polymer molding - 0.0039 kg 0.006 0.9
Main base keypad buttons Polymer molding - 0.0049 kg 0.0076 1.1
Main base keypad 'pad' Polymer molding - 0.0064 kg 0.0076 11
Slave base upper casing Polymer molding - 0.022 kg 0.034 5.1
Slave base lower casing Polymer molding - 0.033 kg 0.052 7.8
Slave base phone ‘cradle’ Polymer molding - 0.0048 kg 0.0074 1.1
:Ladv:cl::\?vi TS A T Rough rolling, forging - 0.033 kg 0.0067 1.0
Slave base feet Polymer molding - 0.0007 kg 0.00097 0.1
Total 0.67 100

BT 6500 CES Assessment
v2.prd

Report generated by
CES Selector 2013 (C) Granta Design Ltd.
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Transport:

Breakdown by transport stage

Total product mass = 0.94 kg

Energy and CO2 Summary

CO2 footprint

Stage name Transport type Distance (km) (kg) %
Transport from China Sea freight 1.8e+04 0.19 100.0
Total 1.8e+04 0.19 100
Breakdown by components

Component Component mass (kg) e f(okggprint %
Packaging (outer box) 0.084 0.017 8.9
Packaging inner box 0.14 0.029 15.2
Handset upper casing 0.042 0.0086 45
Hanndset lower casing 0.044 0.009 4.7
Handset battery cover 0.17 0.036 18.5
Handset PCB 0.035 0.0072 3.8
Handset LCD 0.014 0.0028 15
Handset LCD Diffuser 0.0056 0.0011 0.6
Hanset LCD ‘frame’ 0.0046 0.00094 0.5
Handset Speaker 0.007 0.0014 0.7
Main base lower casing 0.048 0.0098 5.1
Main base upper casing 0.028 0.0057 3.0
Main base phone ‘cradle’ 0.0048 0.00098 0.5
Main base upper circuit board 0.013 0.0027 1.4
Main base lower circuit borad 0.0049 0.001 0.5
Main base feet 0.0007 0.00014 0.1
Screws and metal contatcs 0.0029 0.00059 0.3
Main base keypad frame 0.0039 0.0008 0.4
Main base keypad buttons 0.0049 0.001 0.5
Main base keypad 'pad' 0.0064 0.0013 0.7
Slave base upper casing 0.022 0.0045 2.3
Slave base lower casing 0.033 0.0068 3.6
Slave base phone 'cradle’ 0.0048 0.00098 0.5
Slave base circuit board 0.0016 0.00033 0.2
Slave base wires 0.0033 0.00067 0.4
S(I;;/::ase weight connectors and 0033 0.0067 35
Slave base feet 0.0007 0.00014 0.1
Power supply 0.17 0.035 18.0
Total 0.94 0.19 100

BT 6500 CES Assessment
v2.prd

Report generated by

CES Selector 2013 (C) Granta Design Ltd.
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Use: Energy and CO2 Summary

Static mode

Energy input and output type riggtt?;nt(()jzn;)
Use location United Kingdom
Power rating (W) 1.3
Usage (hours per day) 24
Usage (days per year) 3.7e+02
Product life (years) 5

Relative contribution of static and mobile modes

Mode CO2 footprint (kg) %

Static 29 100.0

Mobile 0

Total 29 100

Disposal' Energy and CO2 Summary
BT 6500 CES Assessment Report generated by Page 13 of 15

v2.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



End of life Cloz
Component option % recovered footprint %
(kg)

Packaging (outer box) Recycle 100.0 0.0041 11.6
Packaging inner box Recycle 100.0 0.007 19.8
Handset upper casing Downcycle 100.0 0.0015 4.2
Hanndset lower casing Recycle 100.0 0.0022 6.1
Handset battery cover Recycle 100.0 0.0085 24.1
Handset PCB Downcycle 100.0 0.0012 35
Handset LCD Landfill 100.0 0.00019 0.5
Handset LCD Diffuser Downcycle 100.0 0.0002 0.6
Hanset LCD ‘frame’ Downcycle 100.0 0.00016 0.5
Handset Speaker Landfill 100.0 9.8e-05 0.3
Main base lower casing Recycle 100.0 0.0024 6.6
Main base upper casing Landfill 100.0 0.00039 11
Main base phone ‘cradle’ Recycle 100.0 0.00024 0.7
Main base upper circuit board Downcycle 100.0 0.00047 1.3
Main base lower circuit borad Downcycle 100.0 0.00017 0.5
Main base feet Downcycle 100.0 2.5e-05 0.1
Screws and metal contatcs Recycle 100.0 0.00014 0.4
Main base keypad frame Landfill 100.0 5.5e-05 0.2
Main base keypad buttons Landfill 100.0 6.9e-05 0.2
Main base keypad 'pad' Landfill 100.0 9e-05 0.3
Slave base upper casing Downcycle 100.0 0.00076 2.2
Slave base lower casing Downcycle 100.0 0.0012 3.3
Slave base phone '‘cradle’ Downcycle 100.0 0.00017 0.5
Slave base circuit board Downcycle 100.0 5.6e-05 0.2
Slave base wires Downcycle 100.0 0.00012 0.3
Slave base weight connectors and screws Recycle 100.0 0.0016 4.5
Slave base feet Downcycle 100.0 2.5e-05 0.1
Power supply Landfill 100.0 0.0024 6.7
Total 0.035 100

EoL potential:

BT 6500 CES Assessment
v2.prd

Report generated by

CES Selector 2013 (C) Granta Design Ltd.
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4 July 2013
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Circular Economy Assessment Product Design Assessment

Part 1 - Abridged LCA

Product: Digital Video Baby Monitor 1000
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1 Introduction & Aims
Better Future is the name of a pan-BT programme to deliver on BT’s strategic aim to be a responsible
and sustainable business leader.

BT Group’s Better Future strategy has three dimensions; Building stronger communities through the
power of their technology and people, reducing carbon emissions and their impact on the
environment through their operations and products, and behaving responsibly towards their
customers, people and their suppliers.

One of BT’s goals is ‘Net Good’ where BT’s products will achieve three times the carbon saving for
their customers than they emit over their lifetime. An enabler of Net Good is implementation of the
Circular Economy (CE) principles.

How products are made, what they are made of, where they are made, and what happens at the End
of Life (Eol) is crucial to the Net Good strategy.

By undertaking an abridged Life cycle Assessment (LCA) design review on a Digital Video Baby
Monitor 1000

The goal of this work is to provide evidence-based recommendations to BT on a number of key
materials’ areas and manufacturing processes, and provide a risk analysis in the form of:

BAU (do nothing)

Incremental (BAU+ small changes here and there)

Component (Mostly BAU, but swap out parts/processes)

Transformational (Making a big step, adopting total supply chain approach, Circular
Economy principles)

PwWnNPE

A Digital Video Baby Monitor 1000 phone has been used as an example to outline the different
options that should be considered during the product design process and how these options and
choices might affect the products overall life-cycle impacts.

2 Product Assessment Methodology

There are many ways in which to assess the overall life cycle environmental impacts of a product.
The most well-known is Life Cycle Assessment (LCA). LCA is a technique used to assess
environmental impacts associated with all the stages of a product's life from-cradle-to-grave (i.e.,
from raw material extraction through materials processing, manufacture, distribution, use, repair
and maintenance, and disposal or recycling. Undertaking a full and scientifically rigorous LCA is very
time consuming and expensive. The main stages are:

. Compiling an inventory of relevant energy and material inputs and environmental
releases;

. Evaluating the potential impacts associated with identified inputs and releases;

. Interpreting the results to help make a more informed decision.
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A full LCA requires the collection of specific data related to the exact materials and manufacturing
practices used and the results of such studies are usually complex and for non-experts, difficult to
understand.

There is a much more practical method of undertaking assessments known as an abridged LCA.
These types of studies us the same principles of full LCA in that they consider the whole life cycle of
a product but they use secondary data (from published datasets) and usually consider a limited
number of impacts such as Carbon and energy footprints.

The two BT products assessed in this work were done so using an abridged LCA technique through
the use of the Eco Audit function of the Cambridge Engineering Selector (CES) software’. These
assessments require the input of a bill of materials for the product in question and the definition of
generic processing routes as well as information relating to energy consumption during use and
likely disposal routes at end of life. The assessment also takes into account the impacts of shipping
the finished item at end of life.

As well as the use of software to assess the overall carbon and energy impacts of the products in
guestion a design review in respect of CE principles was also undertaken. This involved the physical
teardown and examination of the product to identify areas of concern / good practice.

2.1 Physical Teardown and Assessment

Detailed bills of materials containing list of materials, components and weights were not available
for the product being assessed. Therefore the product was physically disassembled. This allowed the
identification of material types, the measurement of their weights and the assessment of processing
routes used. The teardown included the packaging as well as the product itself.

The product was broken down into its constituent parts. Each part was weighed, materials identified
and, where possible, the processing routes identified. Where components or materials were joined
together they were separated if possible. Where multi-material components were impossible to
separate estimates were made in regard if the weights of the different constituent materials.

As well as assessing quantifiable parameters the product were considered in respect of use of
recycled content, ease of recyclability and design features that affect the CE principles.

Many of the design features exist as they fulfil a functional and / or aesthetic requirement. When the
assessment was undertaken these issues were taken into account and considered when alternative
solutions were proposed.

The physical teardown gives and invaluable insight into the design, form and function of a product.
The process of disassembly shows how easy materials and components are to separate, highlights
issues relating to materials, processes, design and the implications these have on durability, use
patterns and end of life options.

! http://www.grantadesign.com/products/ces
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2.2 Use of CES Software

The quantitative information gained from the physical teardown stage was used to undertake a
whole-life impact assessment using Granta CES Software. This software uses a database of materials
properties (which included environmental measures such as Energy and CO,e) to generate a whole
life cycle impact and communicate how each life cycle stage contributes to this.

The bill of materials were entered and estimates of energy consumption during use were also added.
The product is manufactured in China so the transport of the products to the UK by sea freight was
included in the assessment. Finally, the expected end of life scenario for the product was described
in CES. As this product is a small electrical item which come under the requirements of the WEEE
Directive it is anticipated that it would be returned or collected for recovery and recycling. In the
majority of cases these types of products are shredded and material recover is undertaken where
possible. For the assessment an end of life scenario of ‘downcycling’ was specific for the majority of
materials in both products as it is very unlikely that they would go through a closed loop recycling
process and the materials be re-used in similar products.

The expected life of the product was set at 5 years. The assumptions made in respect of energy
consumption is shown later in this report.

The results were exported into MS Excel to allow manipulation of the figures and presentation in a
pie-chart format.

3 Product Assessment Results

3.1 Summary of Lice Cycle Impacts

Using the bill of materials generated form a teardown of the product and certain assumptions about
the end-of-life scenarios for the materials and components a simplified life cycle assessment was
undertaken using CES Selector software. This is an ‘indicative’ study that allows the identification of
the largest areas of life cycle impact in terms of energy and carbon. It is not a scientifically rigorous
study but can be used to identify areas where changes can be made in the product’s design to allow
overall life cycle impacts to be reduced. A product life of 5 years has been presumed for this
assessment.

The overall life cycle carbon footprint is somewhere in the region of 100kg. Figure 1 details the
different life cycle contributions to this overall figure.
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Figure 1 - Overall Life Cycle carbon impact of the Digital Video Baby Monitor 1000

As can be seen the vast majority of the impact of the product comes from the use of energy during
its use.

3.2 Total material intensity

To deliver its function over its 5 year life the product uses a total of 0.680kg of materials in terms of
the physical material embodied in the final product. It does not account for any materials and
wastage apparent in the extraction/refining/processing stages. This includes packaging and batteries
but does not include any repairs or accessories that are added during the product’s life.

In respect of circular economy goals a number of issues can be highlighted.

3.2.1 Total recycled content

The total recycled content of the product is currently very low. Only the metals content will contain
recyclate as the supply chains of these materials use an amount of recyclate as standard practice. All
the polymers used are currently 100% virgin. Therefore it is estimated that only 10% of the current
product (by weight) is made from recycled materials. The only recycled material used is the recycled
content cardboard in the packaging.

3.2.2 Total easily recyclable

The design of the product and the manufacturing operations used to make it have an effect on how
easy it is to recycle at the end-of-life and recovery materials for re-use. This product contains a
number of different materials and components, some of which are permanently bonded together.
This will compromise the ability to recover materials for recycling and may mean that the product
ends up being ‘downcylced’. In downcycling a material is processed into a material of lower quality.
Typical examples include the conversion of: PET drink bottles into fibres for fleece clothing, crushing
concrete and brick for use as an aggregate replacement, and reprocessing PP packaging as a wood
replacement (decking, park benches). Although it does recover materials, value is much reduced
when compared to recycling (where material is reprocessed into a material of similar quality).

Currently is it estimated that the opportunities to recycle, downcycle and landfill the products are as
shown in figure 2.
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Figure 2 - Estimated end of life routes for materials (by weight)

These figures are a ‘best case’ scenario, based on the assumption that any clean easily separated
non-contaminated plastics will be recycled as will the metals as they can be easily separated even
after a product has been shredded. The majority of the materials and components will be

downcycled through a shredding process, which is the most likely route for small electrical products
like this.

3.2.3 Overall Energy consumption
The product requires energy to function. The receiver part of the product is battery powered and
need recharging. The transmitter unit is powered from the mains.

The power supplies are 6v at 800 mA and therefore will draw 4.8w at full power. Full power is
assumed to be used when the transmitter is turned on and when the receiver is charging. The trickle
change / standby power use is unknown but expected to be in the region of 0.5w. If we presume
that the use of the unit will be split as follows (based on 8760 hours in a year and a 5 year life):

Full power use 20% main unit / 0% slave unit
Full power charge 10% main unit / 10% slave unit
Standby / trickle charge 70% main unit / 90% slave unit

The overall energy use will be as shown in Table 1.

Percentage use Number of hours Watts per hour Total Watts
Trans Rec Trans Rec Trans Rec Trans Rec
Full power use 50% 20% 21,900 8,760 4.8 0 105,120 0
Full power charge 0% 20% 0 8,760 4.8 4.8 0 42,048
Standby / Trickle 50% 80% 21,900 35,040 0.5 0.5 10,950 17,520

Table 1 - In use energy consumption over phone's lifecycle (5 years)

Total in-use energy consumption over 5 years is approximately 175 kWh. This is the energy
consumed at the mains. The energy required to supply this is much higher due to losses and
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inefficiencies in the electricity generation and transmission system. These are taken into account in
the data show earlier in Figure 1.

If this energy is supplied by the UK grid the associated carbon impacts® would be approximately
103.22 kg CO,e. NB the CES model uses a more simplified approach to energy use and therefore
produces slightly different figures.

3.2.4 Conflict minerals

Conflict minerals are minerals mined in conditions of armed conflict and human rights abuses,
notably in the eastern provinces of the Democratic Republic of the Congo. The profits from the sale
of these minerals finance continued fighting in wars, and control of lucrative mines becomes a focus
of the fighting as well. The most commonly mined minerals are cassiterite, wolframite, coltan, and
gold, which are extracted from the Eastern Congo, and passed through a variety of intermediaries
before being purchased by multinational electronics companies.

e Coltan is the metal ore from which the element tantalum is extracted. Tantalum is used
primarily for the production of capacitors, particularly for applications requiring high
performance, a small compact format and high reliability, ranging widely from hearing aids
and pacemakers, to airbags, GPS, ignition systems and anti-lock braking systems in
automobiles, through to laptop computers, mobile phones, video game consoles, video
cameras and digital cameras.

e (Cassiterite is the chief ore needed to produce tin, essential for the production of tin cans and
solder on the circuit boards of electronic equipment. Tin is also commonly a component of
biocides, fungicides and as tetrabutyl tin/tetraoctyl tin, an intermediate in polyvinyl chloride
(PVC) and high performance paint manufacturing.

e Wolframite is an important source of the element tungsten. Minimal amounts are used in
electronic devices, including the vibration mechanism of mobile phones.

e Goldis used in jewellery, electronics, and dental products. It is also present in some
chemical compounds used in certain semiconductor manufacturing processes.

The baby monitor will contain tantalum in the capacitors used in the electronics, tin in the solder
used for the printed circuit boards and gold as a solderable coating on some of the circuit boards. It
is unlikely that product contains tungsten.

3.3 Bill of materials Assessment

3.3.1 Component 1 - Packaging

The packaging used for this product comprised sole of paper and cardboard. A corrugated cardboard
outer box contains die cut corrugated cardboard inserts. Separate components are wrapped in tissue
paper to protect their surface finishes.

? UK Grid electricity CO,e is 0.58982 kg per kWh (Source DEFRA GHG Conversion Factors 2012)
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Figure 3 — Digital Video Baby Monitor 1000

e Material — Cardboard / Paper

e Recycled content — Estimated at 50%

o Weight—140g

e Renewable / sustainable — Yes

e Conflict Minerals? - No

e Marked for recycling? - Yes

e Coatings — Varnish and print

e Readily recyclable - Yes

e Removal — No fixings or fastenings used.

3.3.2 Component 2 - Transmitter

The system uses a single transmitter unit that transmits both audio and pictures to the receiver. It

comprises of plastic mouldings, printed circuit boards and other components.
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Figure 4 — Baby Monitor Transmitter

3.3.2.1 Transmitter Battery Cover

The cover is a relatively simple injection moulded piece. It has a high gloss finish and is not coated. It
is marked for recycling, using the Mobius loop and the letters <ABS>. It is easily removed from the
transmitter but might not be easily recycled. A foam pad is glued to the inside of the cover to help
keep the batteries in place. The bonding of this foam to the ABS means that recyclability is
compromised.
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Figure 5 - Handset Battery cover

e Material — ABS

e Recycled content — 0%

e Weight—-15.5¢

e Renewable / sustainable — NO
e Conflict Minerals? - NO

e Marked for recycling? - YES

e (Coatings —NONE

e Readily recyclable — Possibly — contamination from foam.

e Removal — clips off

3.3.2.2 Transmitter Casing

The transmitter consists of 2 parts; a front casing and a rear casing. These are held together with 2

screws and moulded in clips.
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Figure 6 — Transmitter Casings

The rear part of the transmitter casing is injection moulded in ABS. It contains a speaker unit as well
as a separate moulded battery compartment (discussed later) with steel battery contacts. It has a
gloss finish on the outside and is not coated. It is marked for recycling, using the Mobius loop and
the letters <ABS>. A speaker is held into the moulding using 3 screws. It also utilises a removable
rubber ‘gasket’ as well as a ‘grill’ made from some form of synthetic fabric material. Although the
gasket is easily removed the use of the fabric grill (which seems to be bonded in place) could
contaminate the ABS and make it difficult to recycle due to ‘contamination’ of polymer.

Figure 7 — Speaker ‘gasket’ and ‘grille’ in rear casing

The rear casing also contains the antenna, which is moulded from the same gloss white ABS and has
a simple wire running inside the moulding.
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Figure 8 — Transmitter rear casing with components removed

Rear casing

e Material — ABS / speaker unit /rubber

e Recycled content — 0%

e Weight—-39.5

e Renewable / sustainable — NO

e Conflict Minerals? - No

e Marked for recycling? - YES

e Coatings —none

e Readily recyclable - NO

e Removal — removal of 2 screws to separate the 2 halves of the casing. Then clips apart.
Removal of 4 further screws needed to separate the battery holder.

The front part of the transmitter casing is again injection moulded in ABS. This moulding contains
more components and sub-assemblies than the rear part as it contains the circuit board, camera unit
and buttons. It has the same gloss finish and is printed in some areas with a logo and text. Unlike
the rear casing this component does not seem to be marked for recycling.

Figure 9 — Transmitter front casing moulding with components removed
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Front Casing

e Material — ABS

e Recycled content — 0%

o Weight-27.6g

e Renewable / sustainable = NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings — Small areas of print

e Readily recyclable - NO

e Removal — removal of 2 screws to separate the 2 halves of the casing. Then clips apart.
Further 6 screws removed to separate the circuit board contained within the casing.

3.3.2.3 Battery Holder

The rear casing of the transmitter has a battery compartment which is a separate moulding attached
with 4 screws. The moulding contains a number of steel springs and battery terminals that simply
clipin. It also contains a brass insert which is used to attach the wall bracket (if needed). The
moulding does not seem to be marked for recycling.

Figure 10 — Transmitter battery holder

e Material — ABS/Steel

e Recycled content — 0% for ABS, steel will contain some recycled content (unknown level)
o Weight— 25g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e (Coatings—None

e Readily recyclable - Yes
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e Removal — removal of 4 screws to separate it from the rear casing on the transmitter.

3.3.2.4 Transmitter circuit board assembly

The circuit board assembly used in the transmitter consists of a number of components. The main

PCB, a smaller PCB will contacts for buttons, speaker and wires. It removed as whole casings of the
transmitter by removing a total of 6 screws from the front casing and 3 screws (for the speaker) in

the rear casing. The ‘trailing’ wires are soldered on to the board.

Figure 11 - Circuit board assembly components

e Material — PCB/other

e Recycled content — 0%

o Weight— ??

e Renewable / sustainable — NO

e Conflict Minerals? — Potentially

e Marked for recycling? - NO

e Coatings — conformal coating on PCB

e Readily recyclable — PCB should be able to go for precious metal recovery.

e Removal — PCB assembly uses 6 screws to hold it into the front casing. The speaker (which is
attached with a wire) uses 3 screws to attach to the rear casing.
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3.3.2.5 Transmitter Camera (casings)

The transmitter unit of the baby monitor contains a camera unit. This is made from ABS / PC
mouldings clouded purple and a camera / PCB unit. The main casings are separated by removing 3
screws. The rear of the camera unit has a separate ‘stand’ component which is screwed into place.
This is done as it is not possible to mould the shape in one piece. The front casing contains a silver
‘surround’ for the camera lens and is also printed with text. The rear of the casing is made from PC
rather than ABS (for extra strength).

Figure 12 - Transmitter Camera Unit and components

e Material — ABS/PC — Rear case is made from PC front is made from ABS
e Recycled content — 0%

e Weight— 4.7/5.9 Total = 10.6g

e Renewable / sustainable — NO

e Conflict Minerals? — NO

e Marked for recycling? - YES

e Coatings — None (some print)

e Readily recyclable — Yes, if separated from PCB contained inside.
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e Removal — Casings are separated by the removal of 3 screws.

3.3.2.6 Transmitter Camera PCB

The PCB in the camera unit consists of a standard PCB unit with a number of LEDs attached as well as
the small camera. It is a standard type of PCB for this application and looks as though it has a
conformal coating applied. It is connected to the main circuit board in the transmitter unit with a
ribbon cable.

Figure 13 - Camera Unit PCB

e Material — PCB/LED/Cable

e Recycled content — 0%

e Weight—- 5.6g

e Renewable / sustainable — NO

e  Conflict Minerals? — Possible

e Marked for recycling? -No

e Coatings — Conformal coating on PCB

e Readily recyclable — PCB should be able to go for precious metal recovery.
e Removal — Once casing are separated the PCB simply lifts out

3.3.2.7 Power Supply Socket

The transmitter unit is both mains and/or battery powered. A power supply socket is clipped into the
rear casing. It looks to be made from nylon and is a standard component as used in this type of
application across many different product types. It contains metal contacts. There is no material
marking on the component but it is likely that it is made from nylon.

18| Page



Figure 14 - Transmitter Power Supply Socket

e Material — Nylon/Steel

e Recycled content — 0%

o  Weight— 1.6g

e Renewable / sustainable — NO

e Conflict Minerals? — NO

e Marked for recycling? -NO

e (Coatings — NONE

e Readily recyclable — possible if separated from main casing (this is unlikely to happen)
e Removal — Once casing are separated the connector simply clips out.

3.3.2.8 Transmitter Buttons

There are 5 buttons on the front of the transmitter unit to allow the user to control a number of
functions. They consist of various components made form silicone and ABS. The back on the pad is
made from flexible silicone and the ABS buttons are bonded (as separate pieces) to this. Due to the
use of differing materials that are permanently bonded together this component could not be
recycled back into its constituent materials.
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Figure 15 - Transmitter Buttons

e Material — Silicone / ABS

e Recycled content — 0%

e Weight— 5.3

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings — Printed buttons

e Readily recyclable - NO

e Removal — simply sits into the transmitter front casing, so very easily removed once the
casings are separated.

3.3.2.9 Transmitter screws

There are a considerable number of screws used in total for the transmitter part of the product.
Overall there are 22 screws, 3 washers and a metal clip used. This is a considerable amount of fixings
for a product of this type and size.

Figure 16 - Screws used in transmitter unit
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e  Material — Steel

e Recycled content — Unknown but steel will contain an amount of recyclate.

o Weight— 9.6g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings — Passivation coating?

e Readily recyclable - YES

e Removal — Nee to be removed from various parts of the product with an appropriate
screwdriver.

3.3.2.10 Transmitter wall bracket

The product comes with a bract to allow the transmitter to be attached to the wall if needed. The
bracket is moulded from ABS and contains a brass screw which threads into the brass insert in the
bottom of the transmitter (contained in the battery case moulding).

Figure 17 - Transmitter wall bracket

e Material — ABS

e Recycled content — 0%

e Weight— 26.2g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e (Coatings— NONE

e Readily recyclable — YES — however brass insert may cause some issues
e Removal — Separate piece.
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3.3.2.11 Transmitter Power Supply

The transmitter uses a power supply unit to allow the products to work form the mains. The unit
also charges internal batteries which will then allow the unit to be used if a power socket is not
available.

The units are standrad items as used across a wide range of similar products.

e Material — ABS/Copper/PVC

e Recycled content — 0%

o  Weight— 90g

e Renewable / sustainable — NO

e Conflict Minerals? - Possible

e Marked for recycling? - NO

e (Coatings— NONE

o Readily recyclable — Will probably be shredded and ‘downcycled’. Copper will be recovered.
e Removal — Separate piece.

3.3.3 Component 3 - Receiver

The systems receiver outputs the audio and video stream from the transmitter. It comprises of
plastic mouldings, printed circuit boards and LCD screen and other components. It can powered by
batteries or the mains (using a plug in power supply).

The main components of the casing are a front casing (which contains a bonded in screen), a rear
casing, a battery cover and a ‘frame’ that separates the two halves.

Figure 18 — Receiver Unit
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Figure 19 — Receiver components

Figure 20 — Receiver components
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3.3.3.1 Receiver battery cover

As with the cover used on the transmitter the receiver’s battery cover is a relatively simple injection
moulded piece. It has a high gloss finish and is not coated. It is marked for recycling, using the letters
<ABS>. It is easily removed from the phone but might not be easily recycled. A foam pad is glued to
the inside of the cover to help keep the batteries in place. The bonding of this foam to the ABS
means that recyclability is compromised. There is also a sticker on the outside giving user advice on
power management. This might also compromise recyclability.

e Material — ABS

e Recycled content — 0%

o Weight—10.8¢g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - YES

e Coatings — NONE — although a sticker is applied.

e Readily recyclable — Possibly — contamination from foam.
e Removal —clips off
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3.3.3.2 Receiver Casings
The receiver unit consists of 4 main parts:

Front casing
Screen (bonded into the front casing)
A ‘frame’

el

Rear casing

The main casings and ‘frame’ are injection moulded from moulded from ABS. The screen is made
from acrylic and is bonded into the front casing using adhesive. All the components have a high gloss
finish. The casings are held together with 2 screws and once these are removed they clip apart. The
circuit board held in the upper casing is held in with 2 screws and moulded clips.

Both halves of the casing are marked for recycling.

Figure 21 — Receiver front casing and screen
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Figure 22 - Receiver front casing and screen separated

Figure 23 — Receiver casing ‘frame’

Figure 24 - Phone cradle moulding and contacts

Rear Casing

e Material — ABS

e Recycled content — 0%

o Weight— 20.5g

e Renewable / sustainable — NO
e Conflict Minerals? - NO
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Marked for recycling? — YES

Coatings — None

Readily recyclable — Yes

Removal — remove 2 screws and clipped apart from front.

Front casing

Material — ABS
Recycled content — 0%
Weight — 12.9g

Renewable / sustainable — NO

Conflict Minerals? - NO

Marked for recycling? — YES

Coatings — None (some print)

Readily recyclable — NO — bonded acrylic screen contaminates this piece for recycling
Removal — remove 2 screws and separated from lower part. Logo ‘button’ needs to be prized
off as bonded.

Outer Casing Surround

Screen

Material — ABS? — material not marked

Recycled content — 0%

Weight — 17.2

Renewable / sustainable — NO

Conflict Minerals? - NO

Marked for recycling? — NO

Coatings — NONE

Readily recyclable — Yes (if material is ‘clean’ ABS)

Removal — remove 2 screws and separated front and rear casings, ‘frame’ then simply clips
out of front casing.

Material — Acrylic

Recycled content — 0%

Weight - 11.8g

Renewable / sustainable — NO

Conflict Minerals? - NO

Marked for recycling? — NO

Coatings — NONE

Readily recyclable — NO — bonded to ABS casing with double-sided tape so not easily
removable

Removal — Has to be ‘prized’ apart from the casing
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3.3.3.3 Receiver Antenna

The receiver contains an antenna. Like the transmitter this is a plastic moulding which contain a
wire running up the inside if it. The plastic moulding is 2 colours (white and purple). The antenna
attaches to the main casing with a single screw but can only be removed once the main casings are
split open. There is also a spring used to help keep the antenna in place when raised.

Figure 25 - Receiver unit antenna

Figure 26 - Detail of receiver unit antenna fixing screw

Antenna

e Material — ABS/steel

e Recycled content — 0%

e Weight— 7g/0.5g Total 7.5g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e (Coatings—NONE

e Readily recyclable — Possibly — internal copper wire might cause problems.
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e Removal —once main casings are split — remove one screw.

3.3.3.4 Receiver Circuit Boards

The circuit boards are contained within the front casing of the receiver unit. There are double sided
boards with a range of components as well as a large LCD display unit. The speaker used to transmit
audio is attached to the PCB with soldered wires. The board is held into the casing with s crews and
clips.

Figure 27 - Receiver PCB in situ

Figure 28 — Receiver circuit board and LCD assembly
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PCB

e Material — Double side PCB

e Recycled content — 0%

o Weight— 70.2g

e Renewable / sustainable = NO

e Conflict Minerals? - Possibly

e Marked for recycling? - NO

e Coatings — conformal coating on PCB

e Readily recyclable — Yes (precious metal recovery)

e Removal —once main casing is split remove 2 screws

3.3.3.5 Receiver buttons

The receiver has a set of control buttons located on the front casing. The unit consists of various
components made form silicone and polymer. The back on the buttons is a pad is made from flexible
silicone and the polymer buttons are ‘caps’ bonded (as separate pieces) to this. There is no
information as to the types of polymer used in the button caps as they are not marked for recycling.

Figure 29 — Receiver keypad

e Material — Silicone / Unknown polymer

e Recycled content — 0%

o  Weight- 11g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings — Unknown, some print on the underside of the buttons
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e Readily recyclable - NO
e Removal — simply sits into the front casing, no fixings used.

3.3.3.6 Battery
A rechargeable battery is used in the receiver unit. It is a lithium polymer type of the kind used in
mobile phones and other small electronic devices.

e Material — Li-Polymer Battery

e Recycled content — 0%

o  Weight— 20g

e Renewable / sustainable — NO

e Conflict Minerals? - Possibly

e Marked for recycling? - YES

e Coatings —None

e Readily recyclable - Yes

e Removal — lifts out after removal of battery cover.

3.3.3.7 Screws and clips

The receiver unit only uses 5 screws in total. All other fastening are clips. The speaker is held into the
front casing with a clip and a rubber gasket that means no bonding is necessary and make thing
easier to separate for recycling.

Figure 30 - Speaker clip used in front casing

Screws

e Material — Steel

e Recycled content — unknown but typically includes recycled content
o Weight- 1.7g

e Renewable / sustainable — NO

e Conflict Minerals? - NO
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e Marked for recycling? — NO

e Coatings — Passivate / anti-corrosion coating?

e Readily recyclable — Yes

e Removal — removal from item using appropriate screwdriver

3.4 Proposed Design Changes

To propose appropriate design changes that will help make a tangible different in the overall life
cycle impacts of the Baby Monitor these changes need to be considered in respect of the goals of a
‘circular economy’ Two reports’, published in 2013 by the Ellen Macarthur Foundation explain these
principles in detail.

The reports suggest that manufacturers should ‘specify the purpose and performance of the end-
products, more than those of the input materials’. It goes on to suggest that designers should specify
‘pure materials in their production process since they are easier to sort at end of life’. The report
also highlights that besides material selection, other areas important for economically successful
circular design are standardised components, designed-to-last products, design for easy end-of-life
sorting, separation or reuse of products and materials, and design-for-manufacturing criteria that
take into account possible useful applications of by-products and wastes.

The principles relevant to this particular product can be summarised as follows:

e Improve the easy of reuse and recovery of materials

e Match the durability requirements of the product to the durability of the design
e Shift to renewable energy sources

e Build in modularity

e Think in systems rather than specific physical products

These will apply to general design themes observed in this product and can be addresses in the
following ways:

3.4.1 Improving materials recovery and recycling

The baby monitor uses a number of components which are manufactured from different materials
which are not compatible for recycling. This means that the recovery of the materials at end of life
becomes very difficult is not impossible.

Practices observed in this product included, bonding foam to plastic components, bonding electronic
components to plastic casings and bonding different types of plastics together

In order to address this, new designs should:

1. Ensure materials are clearly marked to aid recycling
Attempt to reduce the mix of incompatible materials to a minimum
If there are incompatible materials they should be east to separate and bonding them
together should be avoided at all costs

* Towards the Circular Economy Reports 1 and 2. Ellen Macarthur Foundation 2013
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4. Carefully consider the use of any coatings and how they might affect the recyclability of the
materials to which they are applied.

5. Try to group similar materials together to allow easier recovery and minimal separation
operations.

6. Can new technologies be used to reduce the complexity of current components? E.g. a touch
screen as part of the current LCD panel rather than a spate complex keypad.

7. Consider designing components in a way that allows their re-use (if appropriate and viable in
the particular product system).

3.4.2 Durability of design
When considering how durable the product needs to be, designers should consider a number of
different factors such as:

What are the real use patterns of the product

How long should it last (consumer expectations)

What is its useful technological life — will it become obsolete due to changes in technology
Is it appropriate to update and repair the product (costs, expected life etc?)

| the product a system in its own right or is it part of another system that might change over

vk wN e

time

If these issues are considered the products should be ‘appropriate’ in terms of durability and
expected life. It | possible to ‘overdesign’ products and make them more robust and more material
intensive than they actually need to be.

3.4.3 Renewable Energy Sources

The product only uses a small amount of energy in terms of the power requirement to run the
system. However the power is required constantly. There are a number of options in terms of
renewable energy such as solar for this particular product but the following issues need to be

considered:
1. How reliable is the supply of renewable energy?
2. Does it need to be stored?
3. Canitsupply the required level of power / energy
4. Does it mean that the product will have to be placed in a specific position (e.g. near a

window).

3.4.4 Modularity

Designing in modularity can bring be to product in respect of the circular economy. Modularity can
help extend a product’s life, reduce repair costs and allow for easy upgrading. The effectiveness and
appropriateness of this approach will depend on a number of factors:

1. What is the expected life of the product — is modularity a sensible approach for short life
products?
What advantages does modularity offer?

3. Consider how this will affect the way spare parts and upgrades are sold.
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The ability to replace either a receiver OR a transmitter (should one fail) would be a move towards
are more circular approach. Currently additional cameras can be purchased as replacements but if
the receiver fails than it cannot be replaced as a separate unit.

Many products are sold as ‘standalone’ systems. Modern technology and advances in computing,
communications technology and home networking mean that in many cases the functions
traditionally supplied by a range of standalone products can now be supplied by an integrated
system.

For example the use of Wi-Fi enabled cameras attached to apps on phones or to laptops allows the
same function as a dedicated baby monitor but uses less materials to deliver the service as it
integrates into existing pieces of technology.

The integration of products into new emerging IT and communication systems will mean that the
form of many products as we currently know them will change dramatically over the coming years.
This could considerably reduce overall resource use for the delivery of a range of services.

See the main summary report for more detailed design proposals.
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Circular Economy Assessment Product Design Assessment

Part 2 — LCA Details

Product: Digital Video Baby Monitor 1000


http://www.google.co.uk/url?sa=i&rct=j&q=Digital+video+baby+monitor+1000&source=images&cd=&cad=rja&docid=BEdTIO5ybfzV6M&tbnid=uI20sfSncVOIyM:&ved=0CAUQjRw&url=http://www.johnlewis.com/bt-digital-video-baby-monitor-1000/p231458726&ei=XvyZUfKCBsrC0QWg-oHoAg&bvm=bv.46751780,d.d2k&psig=AFQjCNHnEKMAgXTQLofgR_TfmFVThgMhbQ&ust=1369132477882075

Product Name

Product Life (years)

Eco Audit Report

BT Digital Video Baby Monitor 1000

5

Energy and CO2 Footprint Summary:

122

Energy Details...

CO2 Details...
Phase Energy (MJ) Energy (%) CO2 (kg) CO2 (%)
Material 175 10.7 11 10.7
Manufacture 5.68 0.3 0.428 0.4
Transport 1.94 0.1 0.138 0.1
Use 1.46e+03 88.9 91.2 88.7
Disposal 0.371 0.0 0.026 0.0
Total (for first life) 1.65e+03 100 103 100
End of life potential -6.56 -0.2
BT Digital Video Baby NOTE: Differences of less than 20% are not usually significant. Page 1 of 15

Monitor 1000.prd

See notes on precision and data sources.

4 July 2013


click:DataPrecision
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Eco Audit Report

Energy Analysis Energy and CO2 Summary

Energy (MJ)/year

Equivalent annual environmental burden (averaged over 5 year product life): 329

BT Digital Video Baby Report generated by Page 2 of 15
Monitor 1000.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



Detailed breakdown of individual life phases

Material: Energy and CO2 Summary
Part Total mass
. Recycled o Energy ®
Component Material content* (%) mass | Qty. | processed (M3) %
(kq) (kg)
Packaging Cardboard 50.0% 0.14 1 29 56 32.0
Transmitter - Front casing ABS (medium-impact, Virgin (0%) | 0.028 | 1 0.028 2.6 1.5
injection molding)
Transmitter - Raer casing ABS (medium-impact, Virgin (0%) | 0.04 | 1 0.04 3.8 2.1
injection molding)
Transmitter - battery holder ABS (medium-impact, Virgin (0%) | 0.025 | 1 0.025 2.4 1.4
injection molding)
Transmitter - battery cover ABS (medium-impact, Virgin (0%) | 0.016 | 1 0.016 15 0.8
injection molding)
Transmitter - camera front ABS (medium-impact, Virgin (0%) [0.0057| 1 0.0057 0.54 0.3
injection molding)
Transmitter - camera rear PC (high viscosity, molding  f \, i (006) [0.0049] 1 0.0049 053 03
and extrusion)
Transmitter - camera PCB Printed circuit board assembly | Virgin (0%) |0.0056| 1 0.0056 0.73 0.4
ICIE 27 S (e T PA (type 6, molding and | ;i (096) |0.0016] 1 0.0016 0.19 0.1
socket extrusion)
Transmitter buttons ABS (medium-impact, Virgin (0%) [0.0053| 1 0.0053 05 0.3
injection molding)
Transmitter - screws Carbon steel, AISI 1010, | \;i0in (0%) |0.0096] 1 0.0096 0.25 0.1
annealed
Transmitter - wall bracket ABS (medium-impact, Virgin (0%) | 0.026 | 1 0.026 25 1.4
injection molding)
Transmitter - power supply Power supply unit Virgin (0%) | 0.09 1 0.09 41 23.3
Receiver - battery cover ABS (medium-impact, virgin (0%) | 0.011 | 1 0.011 1 06
injection molding)
Receiver - rear casing ABS (medium-impact, Virgin (0%) | 0.021 | 1 0.021 1.9 1.1
injection molding)
Receiver - front casing ABS (medium-impact, Virgin (0%) | 0.013 | 1 0.013 1.2 07
injection molding)
REEhEr - PR EZE ABS (medium-impact, Virgin (0%) | 0.017 | 1 0.017 16 0.9
surrond injection molding)
Receiver - screen PMMA (cast sheet) Virgin (0%) | 0.012 1 0.012 1.3 0.8
Receiver - PCB/LCD unit Printed circuit board assembly | Virgin (0%) | 0.07 1 0.07 9.1 5.2
Receiver - switch Printed circuit board assembly | Virgin (0%) [ 0.001 1 0.001 0.13 0.1
Receiver - antenna AB.S. (m_edlum-|mpact, Virgin (0%) | 0.007 1 0.007 0.66 0.4
injection molding)
Receiver - antenna spring Carbon steel, AISI1010, |\ i (0%) [0.0005( 1 0.0005 0013 | 00
annealed
Receiver - buttons ABS (medium-impact, Virgin (0%) | 0.011 | 1 0.011 1 06
injection molding)
Reveiver - battery Li-lon AA cell battery Virgin (0%) | 0.02 1 0.02 4 23
ar Ethylene propylene (diene) .
Receiver - speaker gasket (EPDM/EPM. unreinforced) Virgin (0%) |0.0002| 1 0.0002 0.019 0.0
Receiver - screws Carbon steel, AISI 1010, | \;i0in (0%) |0.0017] 1 0.0017 0.045 0.0
annealed
Transmitter - power supply Power supply unit Virgin (0%) | 0.09 1 0.09 41 23.3
Total 27 3.4 1.8e+02 100
*Typical: Includes 'recycle fraction in current supply’
*Where applicable, includes material mass removed by secondary processes
BT Digital Video Baby Report generated by Page 3 of 15

Monitor 1000.prd CES Selector 2013 (C) Granta Design Ltd. 4 July 2013
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Manufacture: Energy and CO2 Summary
Component Process % Removed Amount processed |Energy (MJ) %
Packaging Cutting and trimming 95 2.7 kg 0.81 14.3
Transmitter - Front casing Polymer molding - 0.028 kg 0.57 10.0
Transmitter - Raer casing Polymer molding - 0.04 kg 0.82 14.4
Transmitter - battery holder Polymer molding - 0.025 kg 0.52 9.1
Transmitter - battery cover Polymer molding - 0.016 kg 0.32 5.6
Transmitter - camera front Polymer molding - 0.0057 kg 0.12 2.1
Transmitter - camera rear Polymer molding - 0.0049 kg 0.096 1.7
I;ac’;:;"iﬂer LI Polymer molding - 0.0016 kg 0.035 0.6
Transmitter buttons Polymer molding - 0.0053 kg 0.11 1.9
Transmitter - screws Rough rolling, forging - 0.0096 kg 0.026 0.5
Transmitter - wall bracket Polymer molding - 0.026 kg 0.54 9.5
Receiver - battery cover Polymer molding - 0.011 kg 0.22 3.9
Receiver - rear casing Polymer molding - 0.021 kg 0.42 7.5
Receiver - front casing Polymer molding - 0.013 kg 0.27 4.7
:i?i::’:r getisiEes Polymer molding - 0.017 kg 0.36 6.3
Receiver - screen Polymer extrusion - 0.012 kg 0.071 1.3
Receiver - antenna Polymer molding - 0.007 kg 0.14 2.5
Receiver - antenna spring Rough rolling, forging - 0.0005 kg 0.0014 0.0
Receiver - buttons Polymer molding - 0.011 kg 0.23 4.0
Receiver - speaker gasket Polymer molding - 0.0002 kg 0.0035 0.1
Receiver - screws Rough rolling, forging - 0.0017 kg 0.0046 0.1
Total 5.7 100
BT Digital Video Baby Report generated by Page 4 of 15

Monitor 1000.prd

CES Selector 2013 (C) Granta Design Ltd.

4 July 2013
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Transport:

Breakdown by transport stage

Total product mass = 0.67 kg

Energy and CO2 Summary

Stage name Transport type Distance (km) Energy (MJ) %
Transport form China Sea freight 1.8e+04 1.9 100.0
Total 1.8e+04 1.9 100
Breakdown by components

Component Component mass (kg) Energy (MJ) %

Packaging 0.14 0.41 21.2

Transmitter - Front casing 0.028 0.079 4.1

Transmitter - Raer casing 0.04 0.11 59

Transmitter - battery holder 0.025 0.072 3.7

Transmitter - battery cover 0.016 0.045 2.3

Transmitter - camera front 0.0057 0.016 0.8

Transmitter - camera rear 0.0049 0.014 0.7

Transmitter - camera PCB 0.0056 0.016 0.8

Transmitter - power supply socket 0.0016 0.0046 0.2

Transmitter buttons 0.0053 0.015 0.8

Transmitter - screws 0.0096 0.028 1.4

Transmitter - wall bracket 0.026 0.075 3.9

Transmitter - power supply 0.09 0.26 13.3

Receiver - battery cover 0.011 0.031 1.6

Receiver - rear casing 0.021 0.059 3.0

Receiver - front casing 0.013 0.037 1.9

Receiver - outer casing surrond 0.017 0.05 2.6

Receiver - screen 0.012 0.034 1.8

Receiver - PCB/LCD unit 0.07 0.2 10.4

Receiver - switch 0.001 0.0029 0.1

Receiver - antenna 0.007 0.02 1.0

Receiver - antenna spring 0.0005 0.0014 0.1

Receiver - buttons 0.011 0.032 1.6

Reveiver - battery 0.02 0.058 3.0

Receiver - speaker gasket 0.0002 0.00058 0.0

Receiver - screws 0.0017 0.0049 0.3

Transmitter - power supply 0.09 0.26 13.3

Total 0.67 1.9 100
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Use: Energy and CO2 Summary
Static mode
. Electric to em
Energy input and output type radiation (LED)
Use location United Kingdom
Power rating (W) 4
Usage (hours per day) 24
Usage (days per year) 3.7e+02
Product life (years) 5

Relative contribution of static and mobile modes

Mode Energy (MJ) %

Static 1.5e+03 100.0

Mobile 0

Total 1.5e+03 100

Disposal' Energy and CO2 Summary
BT Digital Video Baby Report generated by Page 6 of 15
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Component En;ip(t?ifc)llj]fe % recovered Er(1'\e/|r\]g)y %

Packaging Recycle 100.0 0.1 26.9
Transmitter - Front casing Downcycle 100.0 0.014 3.7
Transmitter - Raer casing Downcycle 100.0 0.02 5.3
Transmitter - battery holder Downcycle 100.0 0.013 34
Transmitter - battery cover Downcycle 100.0 0.0078 2.1
Transmitter - camera front Downcycle 100.0 0.0029 0.8
Transmitter - camera rear Downcycle 100.0 0.0025 0.7
Transmitter - camera PCB Landfill 100.0 0.0011 0.3
Transmitter - power supply socket Downcycle 100.0 0.0008 0.2
Transmitter buttons Downcycle 100.0 0.0027 0.7
Transmitter - screws Recycle 100.0 0.0067 1.8
Transmitter - wall bracket Recycle 100.0 0.018 49
Transmitter - power supply Downcycle 100.0 0.045 12.1
Receiver - battery cover Downcycle 100.0 0.0054 15
Receiver - rear casing Downcycle 100.0 0.01 2.8
Receiver - front casing Downcycle 100.0 0.0065 1.7
Receiver - outer casing surrond Downcycle 100.0 0.0086 2.3
Receiver - screen Downcycle 100.0 0.0059 1.6
Receiver - PCB/LCD unit Downcycle 100.0 0.035 9.5
Receiver - switch Downcycle 100.0 0.0005 0.1
Receiver - antenna Downcycle 100.0 0.0035 0.9
Receiver - antenna spring Recycle 100.0 0.00035 0.1
Receiver - buttons Downcycle 100.0 0.0055 1.5
Reveiver - battery Downcycle 100.0 0.01 2.7
Receiver - speaker gasket Downcycle 100.0 0.0001 0.0
Receiver - screws Recycle 100.0 0.0012 0.3
Transmitter - power supply Downcycle 100.0 0.045 12.1
Total 0.37 100

EoL potential:
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Component En;ip(t?ifc)llj]fe % recovered Er(1'\e/|r\]g)y %

Packaging Recycle 100.0 -1.9 29.5
Transmitter - Front casing Downcycle 100.0 -0.35 5.3
Transmitter - Raer casing Downcycle 100.0 -0.5 7.6
Transmitter - battery holder Downcycle 100.0 -0.31 4.8
Transmitter - battery cover Downcycle 100.0 -0.19 3.0
Transmitter - camera front Downcycle 100.0 -0.071 1.1
Transmitter - camera rear Downcycle 100.0 -0.07 1.1
Transmitter - camera PCB Landfill 100.0 0 0.0
Transmitter - power supply socket Downcycle 100.0 -0.026 0.4
Transmitter buttons Downcycle 100.0 -0.066 1.0
Transmitter - screws Recycle 100.0 -0.18 2.8
Transmitter - wall bracket Recycle 100.0 -1.6 25.1
Transmitter - power supply Downcycle 100.0 0 0.0
Receiver - battery cover Downcycle 100.0 -0.14 2.1
Receiver - rear casing Downcycle 100.0 -0.26 3.9
Receiver - front casing Downcycle 100.0 -0.16 25
Receiver - outer casing surrond Downcycle 100.0 -0.22 3.3
Receiver - screen Downcycle 100.0 -0.17 2.7
Receiver - PCB/LCD unit Downcycle 100.0 0 0.0
Receiver - switch Downcycle 100.0 0 0.0
Receiver - antenna Downcycle 100.0 -0.088 1.3
Receiver - antenna spring Recycle 100.0 -0.0095 0.1
Receiver - buttons Downcycle 100.0 -0.14 2.1
Reveiver - battery Downcycle 100.0 0 0.0
Receiver - speaker gasket Downcycle 100.0 0 0.0
Receiver - screws Recycle 100.0 -0.032 0.5
Transmitter - power supply Downcycle 100.0 0 0.0
Total -6.6 100

129

Notes:

Energy and CO2 Summary
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Eco Audit Report

CO2 Footprint Analysis Energy and CO2 Summary

CO2 (kg)lyear

Equivalent annual environmental burden (averaged over 5 year product life): 20.5

BT Digital Video Baby Report generated by Page 9 of 15
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Detailed breakdown of individual life phases

Material: Energy and CO2 Summary
Part Total mass CO2
Component Material csr?tceynctl*e(c“%) mass | Qty. | processed** | footprint %
(ka) (ka) (kg)

Packaging Cardboard 50.0% 0.14 1 29 2.8 25.6

Transmitter - Front casing ABS (medium-impact, Virgin (0%) | 0.028 | 1 0.028 0.11 1.0
injection molding)

Transmitter - Raer casing ABS (medium-impact, Virgin (0%) | 0.04 | 1 0.04 0.15 1.4
injection molding)

Transmitter - battery holder ABS (medium-impact, Virgin (0%) | 0.025 | 1 0.025 0.096 0.9
injection molding)

Transmitter - battery cover ABS (medium-impact, Virgin (0%) | 0.016 | 1 0.016 0.059 05
injection molding)

Transmitter - camera front ABS (medium-impact, Virgin (0%) [0.0057| 1 0.0057 0.022 0.2
injection molding)

Transmitter - camera rear PC (high viscosity, molding  f \, i (006) [0.0049] 1 0.0049 0.03 03

and extrusion)

Transmitter - camera PCB Printed circuit board assembly | Virgin (0%) |0.0056| 1 0.0056 0.054 0.5

ICIE 27 S (e T PA (type 6, molding and | ;i (096) |0.0016] 1 0.0016 0.013 0.1

socket extrusion)

Transmitter buttons ABS (medium-impact, Virgin (0%) [0.0053| 1 0.0053 0.02 0.2
injection molding)

Transmitter - screws Carbon steel, AISI 1010, | \;i0in (0%) |0.0096] 1 0.0096 0.017 0.2

annealed

Transmitter - wall bracket ABS (medium-impact, Virgin (0%) | 0.026 | 1 0.026 0.1 0.9
injection molding)

Transmitter - power supply Power supply unit Virgin (0%) | 0.09 1 0.09 3.1 27.9

Receiver - battery cover ABS (medium-impact, Virgin (0%) | 0.011 | 1 0.011 0.041 0.4
injection molding)

Receiver - rear casing ABS (medium-impact, Virgin (0%) | 0.021 | 1 0.021 0.079 07
injection molding)

Receiver - front casing ABS (medium-impact, Virgin (0%) | 0.013 | 1 0.013 0.049 0.4
injection molding)

Receiver - outer casing ABS (medium-impact, virgin (0%) | 0.017 | 1 0.017 0.066 | 0.6

surrond injection molding)

Receiver - screen PMMA (cast sheet) Virgin (0%) | 0.012 1 0.012 0.08 0.7

Receiver - PCB/LCD unit Printed circuit board assembly | Virgin (0%) | 0.07 1 0.07 0.68 6.2

Receiver - switch Printed circuit board assembly | Virgin (0%) [ 0.001 1 0.001 0.0097 0.1

Receiver - antenna ABS (medium-impact, virgin (0%) | 0.007 | 1 0.007 0.027 0.2
injection molding)

Receiver - antenna spring Carbon steel, AISI1010, |\ i (0%) [0.0005( 1 0.0005 0.0009 | 0.0

annealed

Receiver - buttons ABS (medium-impact, Virgin (0%) | 0.011 | 1 0.011 0.042 0.4
injection molding)

Reveiver - battery Li-lon AA cell battery Virgin (0%) | 0.02 1 0.02 0.3 2.7

ar Ethylene propylene (diene) .

Receiver - speaker gasket (EPDM/EPM. unreinforced) Virgin (0%) |0.0002| 1 0.0002 0.0009 0.0

Receiver - screws Carbon ;tnene;a ASI010. 1 virgin (0%) |0.0017 1 0.0017 00031 | 00

Transmitter - power supply Power supply unit Virgin (0%) | 0.09 1 0.09 3.1 27.9

Total 27 34 11 100

*Typical: Includes 'recycle fraction in current supply’

*Where applicable, includes material mass removed by secondary processes

BT Digital Video Baby
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Manufacture: Energy and CO2 Summary
CO2
Component Process % Removed Amount processed footprint %
(kg)

Packaging Cutting and trimming 95 2.7 kg 0.062 14.6
Transmitter - Front casing Polymer molding - 0.028 kg 0.043 10.0
Transmitter - Raer casing Polymer molding - 0.04 kg 0.061 14.3
Transmitter - battery holder Polymer molding - 0.025 kg 0.039 9.1
Transmitter - battery cover Polymer molding - 0.016 kg 0.024 5.6
Transmitter - camera front Polymer molding - 0.0057 kg 0.0088 2.1
Transmitter - camera rear Polymer molding - 0.0049 kg 0.0072 1.7
:;zz;"mer =TT SR Polymer molding ; 0.0016 kg 0.0026 0.6
Transmitter buttons Polymer molding - 0.0053 kg 0.0082 1.9
Transmitter - screws Rough rolling, forging - 0.0096 kg 0.0019 0.5
Transmitter - wall bracket Polymer molding - 0.026 kg 0.041 9.5
Receiver - battery cover Polymer molding - 0.011 kg 0.017 3.9
Receiver - rear casing Polymer molding - 0.021 kg 0.032 7.4
Receiver - front casing Polymer molding - 0.013 kg 0.02 4.7
Eifz:’:r SN T Polymer molding ; 0.017 kg 0.027 6.2
Receiver - screen Polymer extrusion - 0.012 kg 0.0053 1.2
Receiver - antenna Polymer molding - 0.007 kg 0.011 2.5
Receiver - antenna spring Rough rolling, forging - 0.0005 kg 0.0001 0.0
Receiver - buttons Polymer molding - 0.011 kg 0.017 4.0
Receiver - speaker gasket Polymer molding - 0.0002 kg 0.00028 0.1
Receiver - screws Rough rolling, forging - 0.0017 kg 0.00034 0.1
Total 0.43 100

BT Digital Video Baby
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Transport:

Breakdown by transport stage

Total product mass = 0.67 kg

Energy and CO2 Summary

CO2 footprint

Stage name Transport type Distance (km) (kg) %
Transport form China Sea freight 1.8e+04 0.14 100.0
Total 1.8e+04 0.14 100
Breakdown by components

Component Component mass (kg) e f(okggprint %
Packaging 0.14 0.029 21.2
Transmitter - Front casing 0.028 0.0056 4.1
Transmitter - Raer casing 0.04 0.0081 5.9
Transmitter - battery holder 0.025 0.0051 3.7
Transmitter - battery cover 0.016 0.0032 2.3
Transmitter - camera front 0.0057 0.0012 0.8
Transmitter - camera rear 0.0049 0.001 0.7
Transmitter - camera PCB 0.0056 0.0011 0.8
Transmitter - power supply socket 0.0016 0.00033 0.2
Transmitter buttons 0.0053 0.0011 0.8
Transmitter - screws 0.0096 0.002 1.4
Transmitter - wall bracket 0.026 0.0054 3.9
Transmitter - power supply 0.09 0.018 13.3
Receiver - battery cover 0.011 0.0022 1.6
Receiver - rear casing 0.021 0.0042 3.0
Receiver - front casing 0.013 0.0026 1.9
Receiver - outer casing surrond 0.017 0.0035 2.6
Receiver - screen 0.012 0.0024 1.8
Receiver - PCB/LCD unit 0.07 0.014 10.4
Receiver - switch 0.001 0.0002 0.1
Receiver - antenna 0.007 0.0014 1.0
Receiver - antenna spring 0.0005 0.0001 0.1
Receiver - buttons 0.011 0.0022 1.6
Reveiver - battery 0.02 0.0041 3.0
Receiver - speaker gasket 0.0002 4.1e-05 0.0
Receiver - screws 0.0017 0.00035 0.3
Transmitter - power supply 0.09 0.018 13.3
Total 0.67 0.14 100
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Use: Energy and CO2 Summary
Static mode
. Electric to em
Energy input and output type radiation (LED)
Use location United Kingdom
Power rating (W) 4
Usage (hours per day) 24
Usage (days per year) 3.7e+02
Product life (years) 5

Relative contribution of static and mobile modes

Mode CO2 footprint (kg) %

Static 91 100.0

Mobile 0

Total 91 100

Disposal' Energy and CO2 Summary
BT Digital Video Baby Report generated by Page 13 of 15
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Component En:p(t)iglri‘fe % recovered foch:t(grzi nt %
(kg)

Packaging Recycle 100.0 0.007 26.9
Transmitter - Front casing Downcycle 100.0 0.00097 3.7
Transmitter - Raer casing Downcycle 100.0 0.0014 5.3
Transmitter - battery holder Downcycle 100.0 0.00088 3.4
Transmitter - battery cover Downcycle 100.0 0.00054 2.1
Transmitter - camera front Downcycle 100.0 0.0002 0.8
Transmitter - camera rear Downcycle 100.0 0.00017 0.7
Transmitter - camera PCB Landfill 100.0 7.8e-05 0.3
Transmitter - power supply socket Downcycle 100.0 5.6e-05 0.2
Transmitter buttons Downcycle 100.0 0.00019 0.7
Transmitter - screws Recycle 100.0 0.00047 1.8
Transmitter - wall bracket Recycle 100.0 0.0013 4.9
Transmitter - power supply Downcycle 100.0 0.0031 121
Receiver - battery cover Downcycle 100.0 0.00038 15
Receiver - rear casing Downcycle 100.0 0.00072 2.8
Receiver - front casing Downcycle 100.0 0.00045 1.7
Receiver - outer casing surrond Downcycle 100.0 0.0006 2.3
Receiver - screen Downcycle 100.0 0.00041 1.6
Receiver - PCB/LCD unit Downcycle 100.0 0.0025 9.5
Receiver - switch Downcycle 100.0 3.5e-05 0.1
Receiver - antenna Downcycle 100.0 0.00025 0.9
Receiver - antenna spring Recycle 100.0 2.5e-05 0.1
Receiver - buttons Downcycle 100.0 0.00039 15
Reveiver - battery Downcycle 100.0 0.0007 2.7
Receiver - speaker gasket Downcycle 100.0 7e-06 0.0
Receiver - screws Recycle 100.0 8.3e-05 0.3
Transmitter - power supply Downcycle 100.0 0.0031 12.1
Total 0.026 100

EoL potential:

135
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Component En:p(t)iglri‘fe % recovered foch:t(grzi nt %
(kg)

Packaging Recycle 100.0 -0.0026 13
Transmitter - Front casing Downcycle 100.0 -0.014 7.0
Transmitter - Raer casing Downcycle 100.0 -0.02 10.0
Transmitter - battery holder Downcycle 100.0 -0.013 6.3
Transmitter - battery cover Downcycle 100.0 -0.0078 3.9
Transmitter - camera front Downcycle 100.0 -0.0029 1.4
Transmitter - camera rear Downcycle 100.0 -0.0039 2.0
Transmitter - camera PCB Landfill 100.0 0 0.0
Transmitter - power supply socket Downcycle 100.0 -0.0017 0.8
Transmitter buttons Downcycle 100.0 -0.0027 1.3
Transmitter - screws Recycle 100.0 -0.012 59
Transmitter - wall bracket Recycle 100.0 -0.066 33.2
Transmitter - power supply Downcycle 100.0 0 0.0
Receiver - battery cover Downcycle 100.0 -0.0055 2.7
Receiver - rear casing Downcycle 100.0 -0.01 5.2
Receiver - front casing Downcycle 100.0 -0.0065 3.3
Receiver - outer casing surrond Downcycle 100.0 -0.0087 4.4
Receiver - screen Downcycle 100.0 -0.011 5.3
Receiver - PCB/LCD unit Downcycle 100.0 0 0.0
Receiver - switch Downcycle 100.0 0 0.0
Receiver - antenna Downcycle 100.0 -0.0035 1.8
Receiver - antenna spring Recycle 100.0 -0.00062 0.3
Receiver - buttons Downcycle 100.0 -0.0056 2.8
Reveiver - battery Downcycle 100.0 0 0.0
Receiver - speaker gasket Downcycle 100.0 0 0.0
Receiver - screws Recycle 100.0 -0.0021 1.1
Transmitter - power supply Downcycle 100.0 0 0.0
Total -0.2 100
Notes: Energy and CO2 Summary
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Circular Economy Assessment Product Design Assessment

Part 1 - Abridged LCA

Product: Y-cam Knight S Camera
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1 Introduction & Aims
Better Future is the name of a pan-BT programme to deliver on BT’s strategic aim to be a responsible
and sustainable business leader.

BT Group’s Better Future strategy has three dimensions; Building stronger communities through the
power of their technology and people, reducing carbon emissions and their impact on the
environment through their operations and products, and behaving responsibly towards their
customers, people and their suppliers.

One of BT’s goals is ‘Net Good’ where BT’s products will achieve three times the carbon saving for
their customers than they emit over their lifetime. An enabler of Net Good is implementation of the

Circular Economy (CE) principles.

How products are made, what they are made of, where they are made, and what happens at the End
of Life (Eol) is crucial to the Net Good strategy.

An abridged Life cycle Assessment (LCA) design review has been undertaken on a Digital Video Baby
Monitor 1000. The Y-Cam is a product which can offer the same function as the baby monitor (by
integrating it into current technologies such as laptops or smartphones) but may be less resource
intensive. The aim of this assessment is to review the Y-cam in the same way as the baby monitor
and then use this as a benchmark to compare the two alternative ways of providing the same
technology.

The goal of this work is to provide evidence-based recommendations to BT on a number of key
materials’ areas and manufacturing processes, and provide a risk analysis in the form of:

BAU (do nothing)

Incremental (BAU+ small changes here and there)

Component (Mostly BAU, but swap out parts/processes)

Transformational (Making a big step, adopting total supply chain approach, Circular
Economy principles)

PwNE

The assessment of a non-BT product which could be used to fulfil the same function as a BT product
allows a comparison of other alternatives for the delivery of a given function or service.

2 Product Assessment Methodology

There are many ways in which to assess the overall life cycle environmental impacts of a product.
The most well-known is Life Cycle Assessment (LCA). LCA is a technique used to assess
environmental impacts associated with all the stages of a product's life from-cradle-to-grave (i.e.,
from raw material extraction through materials processing, manufacture, distribution, use, repair
and maintenance, and disposal or recycling. Undertaking a full and scientifically rigorous LCA is very
time consuming and expensive. The main stages are:

. Compiling an inventory of relevant energy and material inputs and environmental
releases;
. Evaluating the potential impacts associated with identified inputs and releases;
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. Interpreting the results to help make a more informed decision.

A full LCA requires the collection of specific data related to the exact materials and manufacturing
practices used and the results of such studies are usually complex and for non-experts, difficult to
understand.

There is a much more practical method of undertaking assessments known as an abridged LCA.
These types of studies us the same principles of full LCA in that they consider the whole life cycle of
a product but they use secondary data (from published datasets) and usually consider a limited
number of impacts such as Carbon and energy footprints.

The two BT products assessed in this work were done so using an abridged LCA technique through
the use of the Eco Audit function of the Cambridge Engineering Selector (CES) software’. These
assessments require the input of a bill of materials for the product in question and the definition of
generic processing routes as well as information relating to energy consumption during use and
likely disposal routes at end of life. The assessment also takes into account the impacts of shipping
the finished item at end of life.

As well as the use of software to assess the overall carbon and energy impacts of the products in
guestion a design review in respect of CE principles was also undertaken. This involved the physical
teardown and examination of the product to identify areas of concern / good practice.

2.1 Physical Teardown and Assessment

Detailed bills of materials containing list of materials, components and weights were not available
for the product being assessed. Therefore the product was physically disassembled. This allowed the
identification of material types, the measurement of their weights and the assessment of processing
routes used. The teardown included the packaging as well as the product itself.

The product was broken down into its constituent parts. Each part was weighed, materials identified
and, where possible, the processing routes identified. Where components or materials were joined
together they were separated if possible. Where multi-material components were impossible to
separate estimates were made in regard if the weights of the different constituent materials.

As well as assessing quantifiable parameters the product were considered in respect of use of
recycled content, ease of recyclability and design features that affect the CE principles.

Many of the design features exist as they fulfil a functional and / or aesthetic requirement. When the
assessment was undertaken these issues were taken into account and considered when alternative
solutions were proposed.

The physical teardown gives and invaluable insight into the design, form and function of a product.
The process of disassembly shows how easy materials and components are to separate, highlights

! http://www.grantadesign.com/products/ces
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issues relating to materials, processes, design and the implications these have on durability, use
patterns and end of life options.

2.2 Use of CES Software

The quantitative information gained from the physical teardown stage was used to undertake a
whole-life impact assessment using Granta CES Software. This software uses a database of materials
properties (which included environmental measures such as Energy and CO,e) to generate a whole
life cycle impact and communicate how each life cycle stage contributes to this.

The bill of materials was entered and estimates of energy consumption during use were also added.
The product is manufactured in China so the transport of the products to the UK by sea freight was
included in the assessment. Finally, the expected end of life scenario for the product was described
in CES. As this product is a small electrical item which come under the requirements of the WEEE
Directive it is anticipated that it would be returned or collected for recovery and recycling. In the
majority of cases these types of products are shredded and material recover is undertaken where
possible. For the assessment an end of life scenario of ‘downcycling’ was specific for the majority of
materials in both products as it is very unlikely that they would go through a closed loop recycling
process and the materials be re-used in similar products.

The expected life of the product was set at 5 years. The assumptions made in respect of energy
consumption is shown later in this report.

The results were exported into MS Excel to allow manipulation of the figures and presentation in a
pie-chart format.

3 Product Assessment Results

3.1 Summary of Lice Cycle Impacts

Using the bill of materials generated form a teardown of the product and certain assumptions about
the end-of-life scenarios for the materials and components a simplified life cycle assessment was
undertaken using CES Selector software. This is an ‘indicative’ study that allows the identification of
the largest areas of life cycle impact in terms of energy and carbon. It is not a scientifically rigorous
study but can be used to identify areas where changes can be made in the product’s design to allow
overall life cycle impacts to be reduced. A product life of 5 years has been presumed for this
assessment.

The overall life cycle carbon footprint is somewhere in the region of 65 kg. Figure 1 details the
different life cycle contributions to this overall figure.
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Figure 1 - Overall Life Cycle carbon impact of the Y-cam Knight S

As can be seen the vast majority of the impact of the product comes from the use of energy during
its use.

3.2 Total material intensity

To deliver its function over its 5 year life the product uses a total of 0.74kg o of materials in terms of
the physical material embodied in the final product. It does not account for any materials and
wastage apparent in the extraction/refining/processing stages. This includes packaging and
batteries but does not include any repairs or accessories that are added during the product’s life. It
should be noted that over 170g (23%) of this is from a large steel mounting bracket supplied with
the camera.

In respect of circular economy goals a number of issues can be highlighted.

3.2.1 Total recycled content

The total recycled content of the product is currently very low. Only the metals content will contain
recyclate as the supply chains of these materials use an amount of recyclate as standard practice. All
the polymers used are currently 100% virgin. The cardboard in the packaging materials will contain
up to 70% recycled fibres. Therefore it is estimated that approximately 33% of the current product
(by weight) is made from recycled materials.

3.2.2 Total easily recyclable

The design of the product and the manufacturing operations used to make it have an effect on how
easy it is to recycle at the end-of-life and recovery materials for re-use. This product contains a
number of different materials and components, some of which are permanently bonded together.
This will compromise the ability to recover materials for recycling and may mean that the product
ends up being ‘downcylced’. In downcycling a material is processed into a material of lower quality.
Typical examples include the conversion of: PET drink bottles into fibres for fleece clothing, crushing
concrete and brick for use as an aggregate replacement, and reprocessing PP packaging as a wood
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replacement (decking, park benches). Although it does recover materials, the value is much reduced
when compared to recycling (where material is reprocessed into a material of similar quality).

Currently is it estimated that the opportunities to recycle, downcycle and landfill the products are as
shown in figure 2.

End of Life Materials (by weight)

0%

39%

H Recycle

0,
61% H Downcycle

= Landfill

Figure 2 - Estimated end of life routes for materials (by weight)

These figures are a ‘best case’ scenario, based on the assumption that any clean easily separated
non-contaminated plastics will be recycled as will the metals as they can be easily separated even
after a product has been shredded. The majority of the materials and components will be
downcycled through a shredding process, which is the most likely route for small electrical products
like this. The high level of recyclability (by weight) comes from the ease of recycling the camera
mount bracket which is made from steel and packaging which is made from cardboard.

3.2.3 Overall Energy consumption
The product requires energy to function. The receiver part of the product is battery powered and
need recharging. The transmitter unit is powered from the mains.

It is estimated that the camera will draw 5w at full power. Full power is assumed to be used when
the camera is functioning. It has been assumed that the camera will be functioning for 12 hours each
day.

Total in-use energy consumption over 5 years is approximately 110 kWh. This is the energy
consumed at the mains. The energy required to supply this is much higher due to losses and
inefficiencies in the electricity generation and transmission system. These are taken into account in
the data show earlier in Figure 1.
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If this energy is supplied by the UK grid the associated carbon impacts® would be 64.6 kg CO,e. NB
the CES model uses a more simplified approach to energy use and therefore produces slightly
different figures.

3.2.4 Conflict minerals

Conflict minerals are minerals mined in conditions of armed conflict and human rights abuses,
notably in the eastern provinces of the Democratic Republic of the Congo. The profits from the sale
of these minerals finance continued fighting in wars, and control of lucrative mines becomes a focus
of the fighting as well. The most commonly mined minerals are cassiterite, wolframite, coltan, and
gold, which are extracted from the Eastern Congo, and passed through a variety of intermediaries
before being purchased by multinational electronics companies.

e Coltan is the metal ore from which the element tantalum is extracted. Tantalum is used
primarily for the production of capacitors, particularly for applications requiring high
performance, a small compact format and high reliability, ranging widely from hearing aids
and pacemakers, to airbags, GPS, ignition systems and anti-lock braking systems in
automobiles, through to laptop computers, mobile phones, video game consoles, video
cameras and digital cameras.

e (Cassiterite is the chief ore needed to produce tin, essential for the production of tin cans and
solder on the circuit boards of electronic equipment. Tin is also commonly a component of
biocides, fungicides and as tetrabutyl tin/tetraoctyl tin, an intermediate in polyvinyl chloride
(PVC) and high performance paint manufacturing.

e  Wolframite is an important source of the element tungsten. Minimal amounts are used in
electronic devices, including the vibration mechanism of mobile phones.

e Goldis used in jewellery, electronics, and dental products. It is also present in some
chemical compounds used in certain semiconductor manufacturing processes.

The Y-cam will contain tantalum in the capacitors used in the electronics, tin in the solder used for
the printed circuit boards and gold as a solderable coating on some of the circuit boards. It is unlikely
that the phone contains tungsten.

3.3 Bill of materials Assessment

3.3.1 Component 1 - Packaging
The packaging used for this product comprised solely of cardboard. A corrugated cardboard outer
box contains a moulded card pulp inner and is covered with a cardboard outer ‘slip’.

? UK Grid electricity CO,e is 0.58982 kg per kWh (Source DEFRA GHG Conversion Factors 2012)

9|Page



Figure 3 — Y-Cam Packaging

e Material — Cardboard / Paper

e Recycled content — Estimated at 70%

e Weight —36g/122g/49g/16.5g — Total = 224g
e Renewable / sustainable — Yes

e Conflict Minerals? - No

e Marked for recycling? — Only outer ‘slip’

e Coatings — Varnish and print

e Readily recyclable - Yes

e Removal — No fixings or fastenings used.

3.3.2 Component 2 - Camera

The Y-cam system consists of a single wireless camera unit. This can be connected into a local area

network and the pictures it transmits can be viewed on other devices connected to that network

(such as laptops and smartphones).
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Figure 4 — Y-cam Camera Unit

3.3.2.1 Rear Casing

The cover is a relatively simple injection moulded piece. It has a high gloss finish and is not coated. It
is NOT marked for recycling. It is easily removed from the front casing through the removal of 4
screws. Although it is a simple ‘single’ material component it might not be easily recycled. The piece
contains a metal threaded insert for attaching the camera to a bracket. The inclusion of this insert in
the moulding that recyclability is compromised.

Figure 5 - Front and rear casings opened
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Figure 6 — Rear Casing insert

e Material — ABS

e Recycled content — 0%

o  Weight—-36.2¢g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e (Coatings— NONE

e Readily recyclable — Possibly — contamination from metal insert
e Removal — 4 screws removed to separate from front casing

3.3.2.2 Front Casing Assembly

The front casing is again an injection moulded piece. It is simpler than the rear in itself but has a
number of other components attached to it. As with the rear casing it is made from ABS and has a
high gloss finish with no coatings. In this case it is a single material apart from a small black housing
which displays the light from an LED on the front of the unit. (See Fig. 8). This unit is heat welded in
and is black ABS. This dark coloured ABS permanently bonded to a lighter colour will not cause and
recycling issues but it will lead to colouration of the white polymer which will make it more difficult
to recycle into a light colour.
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Figure 7 — Front casing assembly components

Figure 8 — LED housing ‘heat welded’ in

The rear casing also contains the antenna, which is moulded from the same gloss white ABS and has
a simple wire running inside the moulding.

Rear casing

e Material — ABS

e Recycled content — 0%

o Weight—-16.1

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - YES

e (Coatings —none

e Readily recyclable - YES

e Removal —removal of 4 screws to separate from rear casing and a further 8 screws to
remove other components attached.
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3.3.2.3 Lens Cover

The front casing of the camera has a clear polycarbonate lens cover attached to the inside by 4
screws. This is a single material injection moulded piece. It is unlikely to contain any recycled contact
as it has to be optically clear. To remove it from the ABS casing firstly a circuit board must be
removed (4 screws) and then a further 4 screws holding in the lens cover itself must be removed.

Figure 9 — Camera Lens Cover

e Material - PC

e Recycled content — 0%

o Weight- 6.7g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e (Coatings—None

e Readily recyclable - Yes

e Removal —removal of 8 screws to separate it from front casing

3.3.2.4 Antenna

The rear casing has a small plastic antenna inserted into a hole in the moulding. The antenna is used
to relay the wireless signal to the appropriate receiving device(s). The antenna consist of an injection
moulded ABS outer (same colour and surface finish as the main casings) and an internal wire
antenna. The plastic outer is removed from the rear casing by removing 2 screws. The internal wire
is easily pulled away from the antenna casing once it is removed from the main camera.
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Figure 10 — Y-Cam Antenna

e Material — ABS/Brass/Copper

e Recycled content — 0%

e Weight— 2.4g/2.9g —Total =5.3g

e Renewable / sustainable — NO

e Conflict Minerals? = NO

e Marked for recycling? - NO

e (Coatings— NONE

e Readily recyclable — Metals might be able to be extracted after shredding

e Removal —remove 2 screws from the rear casing, once the camera casings have been
opened.

3.3.2.5 PCBs

The camera contains a number of PCB units. There are three main units in all. Two main green PCBs
in the main body of the rear casing and a smaller grey PCB with LEDs housed in the front casing of
the unit. 2 cables are used to connect the PCBs together.

Figure 11 — Main PCB in camera

15|Page



152

The cable between the grey LED PCB and the main unit is easily removed as it is a push connector
type. The main PCBs are attached together by what seems to be a semi-permanent connection with
a ribbon cable.

Figure 12 - LED PCB Board (front and rear)

The units are standard PCB types with a mixture of surface mount and through-hole soldering. The
rear of the camera unit has some silicone added as a seal of some kind. This could make the camera
unit difficult to remove form the PCB especially if it fails and need replacing. However in practice it is
very unlikely that this product would be repaired if it failed. It is much more likely to simply be
replaced.

Figure 13 - Camera unit sealed to PCB

e Material — PCB/LED/Cable

e Recycled content — 0%

o Weight— 76g total

e Renewable / sustainable — NO

e Conflict Minerals? — Possible

e Marked for recycling? -NO

e Coatings — PCB does not appear to have a conformal coating

e Readily recyclable — PCB should be able to go for precious metal recovery.

e Removal — Once casing are separated the PCBs are released through the removal of a total
of 10 screws.
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3.3.3 Component 3 - Wall Bracket

The camera comes with a bracket to allow it to be attached to the wall if needed. The bracket is
made front powder coated steel contains a plated steel attachment for the camera which has a
plastic (PP) thumbwheel. The bracket is made from various components but apart from the
thumbwheel all the components are made from steel. This makes the bracket very easy to recycle.

There are no marking for the material but in the case of steel components this is not necessary.
Waste and recycling streams can easily separate out steel using magnets.

The powder coating does not compromise the recyclability of the steel.

Figure 14 - Camera wall bracket

e Material — Steel / PP

e Recycled content — Up to 56% (typical) / 0%
e Weight— 171g/2.3g—Total =173.3g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? - NO

e Coatings — Powder coated.

e Readily recyclable — YES

e Removal — Separate piece.

3.3.4 Component 4 - Screws, Power Supply and Cables

The camera unit is held together with a number of screws — 20 in total. This would seem to be an
excessive amount for such a small light product. These would be easily separated from a waste
stream and recycled as they are all steel.

17| Page



154

Figure 15 - Screws used in the Y-Cam

Screws

e Material — Steel

e Recycled content — unknown but typically includes recycled content (up to 56%)
o  Weight— 2.7¢g

e Renewable / sustainable — NO

e Conflict Minerals? - NO

e Marked for recycling? — NO

e (Coatings — Passivate / anti-corrosion coating?

e Readily recyclable — Yes

e Removal — removal from item using appropriate screwdriver

The power supply unit supplied with the camera is a typical switched mode power supply. It has a
rated output of 2 amps at a voltage of 5V. It is made of ABS mouldings, PVC and copper wiring it
weigh 177g.

An Ethernet cable is included in the packaging. It is standard piece of cable made from PVC and
copper with standard Ethernet connectors on the ends. Its total weight is 30.2g.

3.4 Proposed Design Changes

To propose appropriate design changes that will help make a tangible different in the overall life
cycle impacts of the phone these changes need to be considered in respect of the goals of a ‘circular
economy’ Two reports’, published in 2013 by the Ellen Macarthur Foundation explain these
principles in detail.

The reports suggest that manufacturers should ‘specify the purpose and performance of the end-
products, more than those of the input materials’. It goes on to suggest that designers should specify
‘pure materials in their production process since they are easier to sort at end of life’. The report
also highlights that besides material selection, other areas important for economically successful
circular design are standardised components, designed-to-last products, design for easy end-of-life

* Towards the Circular Economy Reports 1 and 2. Ellen Macarthur Foundation 2013
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sorting, separation or reuse of products and materials, and design-for-manufacturing criteria that
take into account possible useful applications of by-products and wastes.

The principles relevant to this particular product can be summarised as follows:

o Improve the easy of reuse and recovery of materials

e Match the durability requirements of the product to the durability of the design
e Shift to renewable energy sources

e  Build in modularity

e Think in systems rather than specific physical products

These will apply to general design themes observed in this product and can be addresses in the
following ways:

3.4.1 Improving materials recovery and recycling

The Y-Cam uses a number of components which are manufactured from different materials which
are not compatible for recycling. This means that the recovery of the materials at end of life
becomes very difficult is not impossible.

Practices observed in this product included, bonding foam to plastic components, bonding electronic
components to plastic casings and bonding different types of plastics together

In order to address this, new designs should:

Ensure materials are clearly marked to aid recycling
Attempt to reduce the mix of incompatible materials to a minimum

3. If there are incompatible materials they should be east to separate and bonding them
together should be avoided at all costs

4. Carefully consider the use of any coatings and how they might affect the recyclability of the
materials to which they are applied.

5. Try to group similar materials together to allow easier recovery and minimal separation
operations.

6. Can new technologies be used to reduce the complexity of current components? E.g. a touch
screen as part of the current LCD panel rather than a spate complex keypad.

7. Consider designing components in a way that allows their re-use (if appropriate and viable in
the particular product system).

3.4.2 Durability of design
When considering how durable the product needs to be, designers should consider a number of
different factors such as:

What are the real use patterns of the product

How long should it last (consumer expectations)

What is it’s useful technological life — will it become obsolete due to changes in technology
Is it appropriate to update and repair the product (costs, expected life etc?)

vk wN e

| the product a system in its own right or is it part of another system that might change over
time
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If these issues are considered the products should be ‘appropriate’ in terms of durability and
expected life. It | possible to ‘overdesign’ products and make them more robust and more material
intensive than they actually need to be.

3.4.3 Renewable Energy Sources

The product only uses a small amount of energy in terms of the power requirement to run the
system. However the power is required constantly. There are a number of options in terms of
renewable energy such as solar for this particular product but the following issues need to be

considered:
1. How reliable is the supply of renewable energy?
2. Does it need to be stored?
3. Canitsupply the required level of power / energy
4. Does it mean that the product will have to be placed in a specific position (e.g. near a

window).

3.4.4 Modularity

Designing in modularity can bring be to product in respect of the circular economy. Modularity can
help extend a product’s life, reduce repair costs and allow for easy upgrading. The effectiveness and
appropriateness of this approach will depend on a number of factors:

1. Whatis the expected life of the product —is modularity a sensible approach for short life
products?

2. What advantages does modularity offer?

3. Consider how this will affect the way spare parts and upgrades are sold.

Many products are sold as ‘standalone’ systems. Modern technology and advances in computing,
communications technology and home networking mean that in many cases the functions
traditionally supplied by a range of standalone products can now be supplied by an integrated

system.

The Y-Cam is an example of a product which can be integrated into existing systems to provide a
function using fewer resources than a product which is stand alone.

The integration of products into new emerging IT and communication systems will mean that the
form of many products as we currently know them will change dramatically over the coming years.
This could considerably reduce overall resource use for the delivery of a range of services.

See the main summary report for more detailed design proposals.
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Circular Economy Assessment Product Design Assessment

Part 2 — LCA Details

Product: Y-cam Knight S Camera
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Product Name

Product Life (years)

Eco Audit Report

Y-Cam Kinght S - Wireless Camera

5

Energy and CO2 Footprint Summary:

158

Energy Details...

CO2 Details...
Phase Energy (MJ) Energy (%) CO2 (kg) CO2 (%)
Material 113 10.9 8 12.3
Manufacture 2.56 0.2 0.173 0.3
Transport 2.14 0.2 0.152 0.2
Use 912 88.6 56.8 87.2
Disposal 0.45 0.0 0.0315 0.0
Total (for first life) 1.03e+03 100 65.2 100
End of life potential -4.53 -0.159
Y-cam.prd NOTE: Differences of less than 20% are not usually significant. Page 1 of 10

See notes on precision and data sources.

4 July 2013


click:DataPrecision

Eco Audit Report

Energy Analysis

Energy and CO2 Summary

Energy (MJ)/year

Equivalent annual environmental burden (averaged over 5 year product life):

206

Detailed breakdown of individual life phases

Material: Energy and CO2 Summary
Part Total mass
Component Material c?r?tceynctl*e((‘i%) F?I?Z)S Qty. proc(eksqs)ed** E?&B%y %
Rear casing ABS (highr;:g}gﬁ‘g)' injection {\/irgin 0%) | 0.036 | 1 0.036 3.4 31
Front Casing ABS (highr;]ig‘lg;%t)' injection - \/qin 0%) | 0.016 | 1 0.016 15 1.4
Lens cover PC (copolymer, high-heat) Virgin (0%) |0.0067| 1 0.0067 0.73 0.6
Anntena ABS (highr;:g}gﬁ‘g)' injection {\/irqin 0%) |0.0020| 1 0.0029 0.28 0.2
LEDS Semiconductor diodes, LEDs | Virgin (0%) [0.0015] 1 0.0015 4.5 4.0
PCB for LEDs Printed circuit board assembly | Virgin (0%) [ 0.011 1 0.011 14 1.3
Main PCBs Printed circuit board assembly | Virgin (0%) | 0.063 1 0.063 8.2 7.3
Anntena wire Cable Virgin (0%) |0.0024| 1 0.0024 0.22 0.2
Mount bracket thumb wheel PP (copolymer, low flow) Virgin (0%) |0.0022| 1 0.0022 0.18 0.2
Power Supply Power supply unit Virgin (0%) | 0.18 1 0.18 80 71.3
Ethernet cable Cable Virgin (0%) | 0.03 1 0.03 2.7 2.4
Outer sleeve Cardboard 70.0% 0.036 1 0.036 0.97 0.9
Main box Cardboard 70.0% 0.12 1 0.12 3.3 29
Inner insert Cardboard 70.0% 0.049 1 0.049 13 12
Power supply box Cardboard 70.0% 0.016 1 0.016 0.44 0.4
Bracket Carbon ;enee'é A0 Typicalos | 047 | 1 0.17 3.1 2.8
Total 16 0.74 1.1e+02 100
*Typical: Includes 'recycle fraction in current supply’
**Where applicable, includes material mass removed by secondary processes
Y-cam.prd Report generated by Page 2 of 10

CES Selector 2013 (C) Granta Design Ltd. 4 July 2013
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Manufacture: Energy and CO2 Summary
Component Process % Removed Amount processed |Energy (MJ) %
Rear casing Polymer molding - 0.036 kg 0.65 25.4
Front Casing Polymer molding - 0.016 kg 0.29 11.3
Lens cover Polymer molding - 0.0067 kg 0.15 5.7
Anntena Polymer molding - 0.0029 kg 0.052 2.0
Mount bracket thumb wheel Polymer molding - 0.0022 kg 0.047 1.8
Bracket Rough rolling, forging - 0.17 kg 0.46 18.1
Coating on bracket Powder coating (polymer) - 0.012 m"2 0.91 35.6
Total 2.6 100
Transport: Energy and CO2 Summary

Breakdown by transport stage Total product mass = 0.74 kg

Stage name Transport type Distance (km) Energy (MJ) %
Transport from China Sea freight 1.8e+04 2.1 100.0
Total 1.8e+04 2.1 100
Breakdown by components

Component Component mass (kg) Energy (MJ) %

Rear casing 0.036 0.1 4.9

Front Casing 0.016 0.046 2.2

Lens cover 0.0067 0.019 0.9

Anntena 0.0029 0.0084 0.4

LEDS 0.0015 0.0043 0.2

PCB for LEDs 0.011 0.032 15

Main PCBs 0.063 0.18 8.5

Anntena wire 0.0024 0.0069 0.3

Mount bracket thumb wheel 0.0022 0.0063 0.3

Power Supply 0.18 0.51 23.7

Ethernet cable 0.03 0.087 4.1

Outer sleeve 0.036 0.1 4.8

Main box 0.12 0.35 16.4

Inner insert 0.049 0.14 6.6

Power supply box 0.016 0.047 2.2

Bracket 0.17 0.49 23.0

Total 0.74 2.1 100

Y-cam.prd Report generated by Page 3 of 10

CES Selector 2013 (C) Granta Design Ltd. 4 July 2013
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Use: Energy and CO2 Summary
Static mode
. Electric to em
Energy input and output type radiation (LED)
Use location United Kingdom
Power rating (W) 5
Usage (hours per day) 12
Usage (days per year) 3.7e+02
Product life (years) 5

Relative contribution of static and mobile modes

Mode Energy (MJ) %

Static 9.1e+02 100.0

Mobile 0

Total 9.1e+02 100

Y-cam.prd Report generated by Page 4 of 10

CES Selector 2013 (C) Granta Design Ltd. 4 July 2013
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Disposal: Energy and CO2 Summary
Component En:p(t)iglri‘fe % recovered E?&G%y %
Rear casing Downcycle 100.0 0.018 4.0
Front Casing Downcycle 100.0 0.0081 1.8
Lens cover Downcycle 100.0 0.0034 0.7
Anntena Downcycle 100.0 0.0015 0.3
LEDS Landfill 100.0 0.0003 0.1
PCB for LEDs Downcycle 100.0 0.0055 1.2
Main PCBs Downcycle 100.0 0.032 7.0
Anntena wire Downcycle 100.0 0.0012 0.3
Mount bracket thumb wheel Downcycle 100.0 0.0011 0.2
Power Supply Downcycle 100.0 0.088 19.6
Ethernet cable Downcycle 100.0 0.015 3.4
Outer sleeve Recycle 100.0 0.025 5.6
Main box Recycle 100.0 0.085 19.0
Inner insert Recycle 100.0 0.035 7.7
Power supply box Recycle 100.0 0.011 2.5
Bracket Recycle 100.0 0.12 26.6
Total 0.45 100
EoL potential:

Component En;ip(t?ifc)llj]fe % recovered Er(1'\e/|r\]g)y %
Rear casing Downcycle 100.0 -0.45 10.0
Front Casing Downcycle 100.0 -0.2 45
Lens cover Downcycle 100.0 -0.096 2.1
Anntena Downcycle 100.0 -0.036 0.8
LEDS Landfill 100.0 0 0.0
PCB for LEDs Downcycle 100.0 0 0.0
Main PCBs Downcycle 100.0 0 0.0
Anntena wire Downcycle 100.0 0 0.0
Mount bracket thumb wheel Downcycle 100.0 -0.023 0.5
Power Supply Downcycle 100.0 0 0.0
Ethernet cable Downcycle 100.0 0 0.0
Outer sleeve Recycle 100.0 -0.29 6.4
Main box Recycle 100.0 -0.99 22.0
Inner insert Recycle 100.0 -0.4 8.9
Power supply box Recycle 100.0 -0.13 2.9
Bracket Recycle 100.0 -1.9 41.9
Total -4.5 100
Notes: Energy and CO2 Summary
Y-cam.prd Report generated by Page 5of 10

CES Selector 2013 (C) Granta Design Ltd.

4 July 2013
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Eco Audit Report

Energy and CO2 Summary

CO2 Footprint Analysis

CO2 (kg)lyear

Equivalent annual environmental burden (averaged over 5 year product life): 13

Detailed breakdown of individual life phases

Material: Energy and CO2 Summary
Recvcled Part Total mass CO2
Component Material conteynt* (%) mass | Qty. | processed** | footprint %
(k) (k) (kg)

Rear casing ABS (high-impact, injection | ;i 096) | 0.036 | 1 0.036 0.14 1.7
molding)

Front Casing ABS (high-impact, injection '\, iy 006) | 0.016 | 1 0.016 0.062 0.8
molding)

Lens cover PC (copolymer, high-heat) Virgin (0%) |0.0067| 1 0.0067 0.04 0.5

Anntena ABS (high-impact, injection /. iy 006) |0.0020| 1 0.0029 0.011 0.1
molding)

LEDS Semiconductor diodes, LEDs | Virgin (0%) [0.0015] 1 0.0015 0.34 4.2

PCB for LEDs Printed circuit board assembly | Virgin (0%) [ 0.011 1 0.011 0.11 1.3

Main PCBs Printed circuit board assembly | Virgin (0%) | 0.063 1 0.063 0.61 7.7

Anntena wire Cable Virgin (0%) |0.0024| 1 0.0024 0.016 0.2

Mount bracket thumb wheel PP (copolymer, low flow) Virgin (0%) |0.0022| 1 0.0022 0.0068 0.1

Power Supply Power supply unit Virgin (0%) | 0.18 1 0.18 6 75.3

Ethernet cable Cable Virgin (0%) | 0.03 1 0.03 0.21 2.6

Outer sleeve Cardboard 70.0% 0.036 1 0.036 0.035 0.4

Main box Cardboard 70.0% 0.12 1 0.12 0.12 15

Inner insert Cardboard 70.0% 0.049 1 0.049 0.049 0.6

Power supply box Cardboard 70.0% 0.016 1 0.016 0.016 0.2

Bracket Carbon steel, AISI1010, | ¢ icaiop | 017 [ 1 0.17 0.22 2.8
annealed

Total 16 0.74 8 100

*Typical: Includes 'recycle fraction in current supply’

*Where applicable, includes material mass removed by secondary processes

Y-cam.prd Report generated by Page 6 of 10

CES Selector 2013 (C) Granta Design Ltd. 4 July 2013



Manufacture: Energy and CO2 Summary
CO2
Component Process % Removed Amount processed footprint %
(kg)
Rear casing Polymer molding 0.036 kg 0.049 28.3
Front Casing Polymer molding 0.016 kg 0.022 12.6
Lens cover Polymer molding 0.0067 kg 0.011 6.3
Anntena Polymer molding 0.0029 kg 0.0039 2.3
Mount bracket thumb wheel Polymer molding 0.0022 kg 0.0035 2.0
Bracket Rough rolling, forging 0.17 kg 0.035 20.1
Coating on bracket Powder coating (polymer) 0.012 m"2 0.049 28.5
Total 0.17 100
Transport: Energy and CO2 Summary

Breakdown by transport stage

Total product mass = 0.74 kg

Stage name Transport type Distance (km) cee f(okgt)print %
Transport from China Sea freight 1.8e+04 0.15 100.0
Total 1.8e+04 0.15 100
Breakdown by components

Component Component mass (kg) oz f(cl)(g;print %

Rear casing 0.036 0.0074 4.9

Front Casing 0.016 0.0033 2.2

Lens cover 0.0067 0.0014 0.9

Anntena 0.0029 0.00059 0.4

LEDS 0.0015 0.00031 0.2

PCB for LEDs 0.011 0.0022 15

Main PCBs 0.063 0.013 8.5

Anntena wire 0.0024 0.00049 0.3

Mount bracket thumb wheel 0.0022 0.00045 0.3

Power Supply 0.18 0.036 23.7

Ethernet cable 0.03 0.0062 4.1

Outer sleeve 0.036 0.0073 4.8

Main box 0.12 0.025 16.4

Inner insert 0.049 0.01 6.6

Power supply box 0.016 0.0034 2.2

Bracket 0.17 0.035 23.0

Total 0.74 0.15 100

Y-cam.prd Report generated by Page 7 of 10

CES Selector 2013 (C) Granta Design Ltd.

4 July 2013
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Use: Energy and CO2 Summary
Static mode
. Electric to em
Energy input and output type radiation (LED)
Use location United Kingdom
Power rating (W) 5
Usage (hours per day) 12
Usage (days per year) 3.7e+02
Product life (years) 5

Relative contribution of static and mobile modes

Mode CO2 footprint (kg) %

Static 57 100.0

Mobile 0

Total 57 100

Y-cam.prd Report generated by Page 8 of 10

CES Selector 2013 (C) Granta Design Ltd. 4 July 2013
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Disposal: Energy and CO2 Summary
Component Enc()jpct)ifolri‘fe % recovered fogt(;ﬁ nt %
(kg)
Rear casing Downcycle 100.0 0.0013 4.0
Front Casing Downcycle 100.0 0.00056 1.8
Lens cover Downcycle 100.0 0.00023 0.7
Anntena Downcycle 100.0 0.0001 0.3
LEDS Landfill 100.0 2.1e-05 0.1
PCB for LEDs Downcycle 100.0 0.00039 1.2
Main PCBs Downcycle 100.0 0.0022 7.0
Anntena wire Downcycle 100.0 8.4e-05 0.3
Mount bracket thumb wheel Downcycle 100.0 7.7e-05 0.2
Power Supply Downcycle 100.0 0.0062 19.6
Ethernet cable Downcycle 100.0 0.0011 3.4
Outer sleeve Recycle 100.0 0.0018 5.6
Main box Recycle 100.0 0.006 19.0
Inner insert Recycle 100.0 0.0024 7.7
Power supply box Recycle 100.0 0.0008 2.5
Bracket Recycle 100.0 0.0084 26.6
Total 0.032 100
EoL potential:
Component En(;jp(t)ifolri]fe % recovered fogtcp)ﬁ nt %
(kg)
Rear casing Downcycle 100.0 -0.018 115
Front Casing Downcycle 100.0 -0.0081 5.1
Lens cover Downcycle 100.0 -0.0053 3.4
Anntena Downcycle 100.0 -0.0015 0.9
LEDS Landfill 100.0 0 0.0
PCB for LEDs Downcycle 100.0 0 0.0
Main PCBs Downcycle 100.0 0 0.0
Anntena wire Downcycle 100.0 0 0.0
Mount bracket thumb wheel Downcycle 100.0 -0.00091 0.6
Power Supply Downcycle 100.0 0 0.0
Ethernet cable Downcycle 100.0 0 0.0
Outer sleeve Recycle 100.0 -0.00039 0.2
Main box Recycle 100.0 -0.0013 0.8
Inner insert Recycle 100.0 -0.00054 0.3
Power supply box Recycle 100.0 -0.00018 0.1
Bracket Recycle 100.0 -0.12 77.0
Total -0.16 100
Y-cam.prd Report generated by Page 9 of 10

CES Selector 2013 (C) Granta Design Ltd.

4 July 2013
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Notes: Energy and CO2 Summary

Y-cam.prd Report generated by Page 10 of 10
CES Selector 2013 (C) Granta Design Ltd. 4 July 2013
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Rare Earth Materials and Materials at Risk
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RARE EARTH ELEMENTS 101
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Rare Earth Elements (REE) Explained

The rare earth elements (REE) are a group of 17 chemical (metallic) elements which appear in the
periodic table. The group consists of the 15 lanthanide elements along with Yttrium and Scandium. They
share many similar properties, which is why they occur together in geological deposits. The 17 REEs are
found in all REE deposits but their distribution and concentrations vary. They are referred to as ‘rare’
because it is not common to find them in commercially viable concentrations. REEs generally fall into
one of two categories — light rare earths (LREE) and heavy rare earths (HREE), with varying levels of uses
and demand. REE mineral deposits are usually rich in either LREE or HREE, but rarely contain both in
significant quantities. In general, they are vital to some of the world’s fastest growing markets: clean
energy and high technology.

w| Rare Earth Elements [He|
Li [Be I B(C N |O|F [Ne
MNa|Mg Al|Si|P | S |CI|Ar

K |Ca Ti |V |Cr|Mn|Fe|Co|Ni|[Cu|Zn|Ga|Ge|As |Se Br |Kr
Rb|Sr| ¥ | Zr |Nb|Mo|Tc |Ru|Rh|Pd|Ag(Cd|In |Sn|Sb|Te| | |Xe
Cs|Bajetu Hf (Ta |W |Re|Os| Ir |Pt|Au|Hg| Tl |Pb|Bi |[Fo At [Rn

Fr |Ra [s-u| Rf |Db | Sg|Bh|Hs | Mt

Lanthanidas

La |ce|Pr [Nd|pm|sm|Eu|cd|Tb Dy Ho| Er [Tm | vb|Lu |

([T Pa] u [No|Pulamicm oot s [Fmwa N L

Rare Earths Expected to be in Short Su in the next 15 years *

Neodymium, Europium, Terbium, Dysprosium, Yttrium

Light Rare Earths Heavy Rare Earths
(Less common and more valuable)

* Llanthanum (La) | accounted for 66.8% of e Europium (Eu)
e Cerium (Ce) global demand in 2010 e Gadolinium (Gd)
e Praseodymium (Pr) e Terbium (Tb)
e Neodymium (Nd) e Dysprosium (Dy)
e Samarium (Sm) e Holmium (Ho)

e Erbium (Er)

e  Thulium (Tm)

e Ytterbium (Yb)

Lutetium (Lu)
e Yttrium (Y)

Notes:
. Yttrium is lighter than the light rare earths, but included in the heavy rare earth group because of its chemical and physical associations with heavy rare earths
in natural deposits.

*Ernst & Young - Technology Minerals — The rare earths race is on! - April 2011
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Unique Properties

Silvery-white or gray in colour, these metals have a high lustre and tarnish readily when exposed to air.
REEs are found in most everyday applications because of their unique chemical and physical properties.
New applications have arisen consistently over the past 50 years CIBC, including important
environmental innovations such as catalytic converters and the development of permanent magnets
which have enabled greater efficiency, miniaturization, durability and speed in electric and electronic
components. Substitutes exist, but rarely work as effectively. The properties of each REE along with the
percentage share of estimated global production in 2015 are summarized in the following table.

REE Catalytic | Magnetic | Electrical | Chemical Optical | % Share of Estimated
World Supply in 2015*

Lanthanum (La)

X X X X 27%

Cerium (Ce)

X X X X 40%

Praseodymium (Pr)

X | X | X | X 5%

Neodymium (Nd)

X X | X X 16%

Samarium (Sm)

X 2%

Europium (Eu)

X 4%

Gadolinium (Gd)

X X 2%

Terbium (Th)

X X 2%




REE

% Share of Estimated
World Supply in 2015*

Catalytic | Magnetic | Electrical | Chemical Optical

Dysprosium (Dy)

X X 9%

Erbium (Er)

X 4%

Yttrium (Y)

X 5%

This list excludes Holmium, Thulium, Ytterbium, Lutetium and Scandium as they represent a very small portion of total supply

*Source: IMCOA - Based on Estimated Supply in 2015 of ~225,000 tons.

Rare Earth Applications

Often referred to as the “seeds of technology” by the Japanese, REEs are a major constituent of many
advanced materials, especially in the high tech and green energy sectors where robust performance,
durability and low carbon emissions are so important.

Application by Individual REE

Lanthanum

Used to make rechargeable lanthanum nickel metal hydride batteries —the
type used in electric and hybrid vehicles, laptop computers, cameras; fibre
optics to increase transmission rates, high-end camera lenses, telescopes,
binoculars — as lanthanum improves visual clarity; infrared absorbing glass for
night vision goggles, used to reduce the level of phosphates in patients with
kidney disease.

Cerium

Used to polish glass, metal and gemstones, computer chips, transistors and
other electronic components; automotive catalytic converters to reduce
pollution, added in glass making process to decolourize it, gives compact
fluorescent bulbs the green part of the light spectrum.

Praseodymium

Used in combination with neodymium, its primary use is to make high power
magnets. Used to make welder and glass blower goggles as praseodymium
oxide protects against yellow flare and UV light; plastic, vibrant yellow
ceramics.

Neodymium

An elemental twin of praseodymium, the principal use of Neodymium is in the
manufacture of the strongest magnets in the world. These magnets are so
strong that one the size of a coin cannot be removed from a refrigerator by
hand. Other important applications include laser range finders and guidance
systems.

Samarium

Primary use is in the production of permanent magnets but also in X-ray lasers,
precision guided weapons and white-noise production in stealth technology.

Europium

Primarily used in phosphors used in pilot display screens, televisions (reddish-
orange), and energy efficient fluorescent lights (reddish-orange and blue).
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Gadolinium

Used to enhance the clarity of MRI scans by injecting Gadolinium contrast
agents into the patient. Used in nuclear reactor control rods to control the
fission process.

Terbium

Primarily used in phosphors, particularly in fluorescent bulbs and tubes (yellow-
green), high intensity green emitter used in projection televisions and X-ray
intensifying screens (yellow-green, violet, and blue).

Dysprosium

Most commonly used in the manufacture of neodymiume-iron-boron high
strength permanent magnets. Dysprosium-165 is injected into joints to treat
rheumatoid arthritis. Dysprosium is used in radiation badges to detect and
monitor radiation exposure.

Erbium

Used in glass coloring, as an amplifier in fiber optics, and in lasers for medical
and dental use.

Yttrium

Yttrium phosphors are used in energy efficient fluorescent lamps and bulbs.
Yttria stabilized zirconium oxide is used in high temperature applications, such
as thermal barrier coating to protect aerospace high temperature surfaces. Can
increase the strength of metallic alloys.

Applications in High Growth Markets

Source: CIBC World Markets
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The fastest growing markets for REEs are permanent magnets, rechargeable batteries, phosphors and
polishing agents, with neodymium, praseodymium, dysprosium, yttrium, and terbium having the

greatest exposure to these segments.

Application

Estimated Compound
Annual Growth Rate
2010-2015*

Permanent Magnets

The largest end user of REEs is the permanent magnet industry. This segment
represents about 25% of total demand and is expected to grow to 30% by
2015. They are in high demand due to their strength, heat resistance and
ability to maintain their magnetism over very long periods of time. Magnets
made from rare earth elements, such as neodymium, praseodymium, and
dysprosium are the strongest known permanent magnets. Their higher
performance and smaller size enables many miniature applications, such as
personal electronic devices (smart phones, ear buds, iPod music players). A
miniature magnet made with neodymium causes the cell phone to vibrate
when a call is received. Capacity utilization is one of the biggest challenges in
the wind energy sector. Replacing gear driven turbines with powerful direct-
drive permanent magnet generators can increase efficiency by 25%. Some of
the largest turbines require two tons of rare earth magnets, which contain
about 30% REE.

16%

Rechargeable Batteries

Rechargeable batteries (NiMH ) made from lanthanum, cerium, neodymium
and praseodymium (combined with nickel, cobalt, manganese and/or
aluminum) are used in car batteries in hybrid electric vehicles, electronic
devices and power tools.

18%

Auto Catalysts

Lanthanum and Cerium are used in the manufacture of catalytic converters
which convert the pollutants in engine exhaust to non-toxic compounds.

8%

Fluid Cracking Catalysts

Fluid cracking catalysts, which contain lanthanum and cerium, are used in the
refining of crude oil. They are essential to the process of transforming heavy
molecules into more useful forms such as gasoline, jet fuel and diesel.

6%
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Polishing Powders

Cerium Oxide polishing powder is one of the best polishing materials. It is
used for polishing glass, lenses, CRTs, jewels, silicon chips, TV screens and
monitors.

15%

Glass Additives

Cerium reduces transmission of UV light and Lanthanum increases the glass
reflective index for digital camera lenses.

4%

Phosphors

Europium, terbium and yttrium are REEs used extensively in the electronics
industry to manufacture LCDs and colour TVs. Used as phosphors they enable
colour changes as electrical currents are transmitted through them. Terbium
and Europium are used in energy efficient lighting applications. Light emitting
diodes (LEDs) are 80% more efficient than incandescent lighting and 40%
more efficient than compact fluorescent bulbs.

30%

*CIBC World Markets

REEs Play a Key Role in the Green Energy Sector

Electric and hybrid cars can contain 20-25 pounds of rare earths, which is double that found in a

standard gasoline vehicle. The battery itself is made from several pounds of rare earth compounds. REEs

are also used in regenerative braking systems and electric traction motors. The motors consist of

powerful magnets made from neodymium and dysprosium.
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REEs on the Critical List
Demand is driven in large part by two of the fastest growing sectors: energy and high-tech. The criticality
of each element depends on the end application demand pattern.

Supply and demand calculations are complicated because each REE has different applications and is
produced in varying quantities. This means that certain rare earths will be in short supply and others will
be in surplus, depending on the supply and demand fundamentals of the end markets. The fastest
growing market segments are permanent magnets, rechargeable batteries, and phosphors, particularly
given their application in the fast growing green energy and high tech segments. In 2010, The U.S.
Department of Energy classified the five REEs critical to these markets to be in short supply. Four of
these are the HREEs. China’s Ministry of Commerce has indicated that China’s HREEs could be depleted
in the next 15-20 years.

REE on the Critical List Applications Estimated Compound Annual
Growth Rate 2010-2015

Heavy Dysprosium Permanent magnets, hybrid engines

Europium Phosphors, fuel cells, neutron
absorbers

Terbium \ Phosphors, permanent magnets
Yttrium Red phosphor, fluorescent lamps,
ceramics, metal alloys
Source: IMCOA and CIBC World Markets and Dundee Capital Markets

These minerals, with the exception of Yttrium are expected to be in short supply over the next 10 years.
The magnitude and duration of these shortages will mainly depend on the success of REE exploration
projects. Various governments and industrial users worldwide have begun to develop strategies to
safeguard their REE supplies in order to overcome future supply problems. Some industrial users have
established joint ventures with mining companies. Market mechanisms should ensure serious shortages
are averted in the long term. This supply gap has led to increasing attention from governments,
exploration companies and end users.

Short-Term Criticality Medium-Term Criticality

Source: U.S. Department of Energy, Critical Materials strategy, Dec. 2010



Supply and Demand Fundamentals

Large and Growing Market

Demand for rare earth elements is growing at 9-15% a year (CIBC World Markets), and according to a
report by Ernst & Young - Technology Minerals — The Race is On — April 2011, the market for REEs is currently
valued at 52-3 billion and is expected to double to $4-6 billion by 2015.

China Accounts for 48% of the World’s Reserves

Global rare earth reserves were estimated at 114 million metric tons in 2011, with China accounting for
48%. Only a small proportion of REE deposits are of sufficient size, type and concentration to be
exploited economically using existing technology.

Note: IMCOA — “Reserve figures encompass a wide range of mineral qualities and do not necessarily comply with the internationally
recognized codes for the definition of reserves.”

China Accounts for 94% of Global Production

In 2010, global REE production was about 125,000 metric tonnes; up 54% from 80,000 tonnes in 2000.
China is by far the dominant producer of rare earth elements, accounting for 94% of global production.
Significant amounts of REE are produced in only a few other countries, such as Brazil, India and
Malaysia.

More than 70% of light rare earth elements are supplied from one mine in China: the 56 million tonne
Bayan Obo deposit in Inner Mongolia, which commenced production in 1957 and is the largest deposit
in the world. In 2010, it produced 55,000 tons of REOs, representing 46% of Chinese production and 42%
globally. Before the Bayan Obo deposit came on stream, the largest producer was Molycorp’s Mountain
Pass deposit in California. However, China started selling rare earths at such low prices in the early
1990’s that the Mountain Pass mines and others in the world were unable to compete. Mining at
Mountain Pass ceased in 2002 but was recently re-commissioned and is expected to return to full
production in 2012.

10
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China is the World’s Largest Consumer
China is also the world’s leading consumer of rare earth elements, accounting for about 60% of global
consumption.

China Takes Measures to Protect its Supply

It is believed that the resource grade of China’s Bayan Obo deposit may be dwindling — resulting in a
reduced forecast over next five years. Therefore, China has taken multiple measures to protect its
supply, and some feel that China could go from being a net exporter to a net importer. In 2010, China
began to restrict exports so as to ensure an abundant supply for its downstream technology sector.
Export quotas in 2010 were down 40% from 2009. When a single country controls almost all of the
production and then reduces exports, the entire supply is threatened and prices quickly rise. The panic
buying that was triggered by the reduction in export quotas resulted in rare earth prices surging to
record high levels in early 2010. The significant price increases in 2010 led to a drop in demand, which in
turn restored pricing stability. At the end of December 2011, the Chinese Ministry of Commerce
announced that “in order to protect international demand and maintain the basic stability of rare-earth
supplies, the total export quotas for 2012 will be basically the same.” China also took steps to
nationalize the industry, bringing 11 REE mines under State control, and to crack down on illegal and
environmentally questionable mining practices.

China’s Actions Prompt a Rare Earth Race

The steps taken by China have raised concerns that the world is reliant on a single source for rare earths.
Currently, the world is nearly 100% dependant on Chinese exports of a commodity that is essential to
certain high-tech, renewable-energy, and defense-related technologies. Thus the race is on for the rest
of the world to develop rare earth deposits.

The U.S. considers REEs as a strategic material and in April 2011 legislation known as Rare Earths Supply
Chain Technology and Resources Transformation Act HR 1388 (RESTART) was introduced to avert a rare
earth crisis by re-establishing a domestic rare earth industry. Subsequently, California based Molycorp
signed a Joint Venture with Daido Steel and Mitsubishi to manufacture high power magnets. It is
expected that this first non-Chinese Joint Venture should pave the way for other western producers to
establish rare earth joint ventures outside of China — leading to a tripling in demand for neodymium
over the next three years. (Source: Rare Earth Market - December 2011).

As a result of China’s actions, two separate markets have been created — the China market and the rest
of the world market (ROW).

11
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Gap between Supply from China and Rest of World Demand is Growing
The following chart illustrates the widening gap between the supply from China and the demand from
the rest of the world:

Rest of World Production Expected to Fill the Growing Gap
While China accounted for 94% of production in 2011, this is expected to fall to 70% by 2015 as new
projects in the rest of the world come on stream.

Source: D. Kingsworth IMCOA 2011
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Speed to Market Critical
It is expected that the supply shortfall will continue for the next few years. There are insufficient REEs
available to meet growing demand. Given the very attractive supply/demand fundamentals, bringing
deposits into production as fast as possible is critical.

181

While there are known deposits in countries outside of China that are potentially economic to mine, it
can take 10 years to bring a deposit into production. High grade deposits close to infrastructure and in
mining friendly jurisdictions are hard to come by. According to Technology Metals Research, it’s
estimated that there are 165 companies with 251 projects in 24 countries. Most of these companies are

small.

Major REE production projects expected to come on stream in the near future are listed below:

Company Project Expected Production(mt) Targeting Production in:
Lynas (Australia) Mount Weld 22,000 2011*

Molycorp (California) Mountain Pass 40,000 2011*

Arafura (Australia) Nolans Bore 20,000 2013

Greenland Minerals Kvanefjeld 44,000 2015

Avalon (Canada) Thor Lake 10,000 2015

Quest Rare Minerals Strange Lake 12,000 2015

*Molycorp’s Mountain Pass and Lynas’ Mount Weld mines are expected to reach full production in 2012.

Source: IMCOA

IAMGOLD Advantage

IAMGOLD’s rare earth resource is located one kilometre north of its Niobec niobium mine in the mining
friendly jurisdiction of Quebec, Canada. The Niobec mine has been operating for more than 35 years and
IAMGOLD has established excellent relations with the local community and all levels of government. The
region has a long mining history and draws on an experienced and well educated pool of labour in the
area. In addition to its close proximity to an existing mine infrastructure and the Saguenay River which,
within a short distance of the deposit widens and deepens enough for a deep water ocean port, the
Company has access to very competitive power rates of 4.5 cents per kWh. These factors, together with
access to funding and development expertise provide a “speed to market” advantage.

13
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The Rare Earths Value Chain — Ground to Market

REEs are principally found in carbonatites, which are igneous rocks comprising more than 50% carbonate
minerals. Less important sources are secondary deposits which form when rare earth and heavy
minerals are concentrated by the physical weathering of primary mineralization.

Most REE mines produce only REEs although there are a few where REEs are produced as a by-product.
Most use large-scale techniques, involving drilling, blasting and hauling. Separation of the ore from the
waste is carried out in a variety of ways. The production process is quite involved as one rare earth
mineral may contain up to 17 different elements which must be separated from one another. The
following diagram summarizes the basic steps of mining and processing REE.

REE Pricing

Prices increased dramatically in 2010 following China’s decision to reduce exports. This led to reduced
demand which in turn restored pricing stability. As the world races to secure REE supply outside of
China, future pricing projections indicate a strong market sustained by growing demand.

(5/kg)

REE 2009 Nov. 2011 Jan 25,2012 | 2012(E)*
Lanthanum 6 60 62 17
Cerium 4 55 100 29
Praseodymium 16 60 250 150
Neodymium 16 235 295 154
Samarium 5 87 150 32
Dysprosium 107 2,000 2,600 688
Europium 473 4,000 3,850 1,393
*CIBC World Markets
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FCFC TAIRILAC ABS RESINS
TECHNICAL INFORMATIONS

 GENERAL PURPOSE GRADE

TAIRILAC AG1000  AG10A1
CTARILAC AGT2A0  AGI2AT
 TAIRILAC AG15A0  AG15Af
TAIRILAC AG15E0 AG15E1

., FORMOSACH EM]CALS & FIBRE CORPORATION
, . . PLASTICS DIVISION
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This technical data gives the characteristics of FCFC ABS Gemneral
Purpose Grades and their injection moldability.

1. Characteristics of FCFC ABS general purpose grades

The following four grades are available as FCFC ABS general purpose

‘grades, and their characteristics are:

(1)
(2)

Superior impact resistance and Flexural modulus.

Stability of physical properties over a wide_range of

temperatures.

Excellent chemical resistance.

Superior processability,

Superior dimensional stability and finish..

Table 1. Features of FCFC ABS general purpose grades_

Grades 'Features
AGIUOD Highest impact resistance
ITAGIZAO Highrimpact resistance
AG15A0 Medium impact resistance
- AGISEOT Medium iﬁpact résistance,~

Compared with AQ grades, Series of Al grades which FCFC newly

developed, especially suitable for those injection molding products

requested for higher gloss.



2. Typical properties

Table 2. Typical properties of FCFC ABS general purpose grades

ASTHM
Properties Test |[Condition Unit AG1000 AG12A0 AG15A0 AG15ED
Method '
Tensile 23C | kg/ew? 390 480 510 530
strength at D638 .
- yield . .
1/8" thickness 73F psi 5,540 6,820 7,240 7,53_0
|Flexural 23C | kgsew | 580 750 850 870
strength at 1790
yield a . ' : :
1/8" X1"X4" bar 73.F psi 8,230 10,650 12,070 12,350
Flexural 23°C keg/cr®, 19,500 25,000 27,000 28,000
' moduius | D790 | ' : ' o ' '
11/8" X 1" X4" bar : 73°F psi 276,900 355,000 383,000 398,000
Rockwell ' 23°C .
" hardness | b785 73°F R chle 95. -105‘ 110 110
23°C | kg.cn/cn 40 30 20 14
73°F ft.1b/in 7.3 5.5 - 3.7 2.6
Tzod impact 0°C | kg.cw/em| 36 26 16 11
strength 32°F ft.1b/in 6.6 4,8 2.9 2.0
(notched) D256 — -
1/4" % 1/2"X5/2" -207C kg.cm/cm 33 22 10 7
bar - #F | ft.1b/in 6.1 4.0 1.8 1.3
- -40°C | kg.cm/cm 30 18 _ _
-40°F ft.1b/in 5.5 3.3
Heat . ' ‘
. 18.6kg/cm® C 86 88 89 88
deflection D648 ; . ‘
Lemperature 264 psi P 187 190 199 190
unannealed
200°CX5kg | g/10 min_ 0.4 1.6 1.7 1.9
Melt Flow Index | D1238 - A
220°C X 10kg| g/10 min 10 17 19 21
Specitic 23°C
gravity D792 TF 1.03 1.04 1.05 1.05
1/8" HB HB HB HB
Flammability UL94 -
1/16" HB HB HB HB
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Table 3. Typical properties of FCFC ABS high gloss general purpose grades

ASTH | |
Properties Test |Condition Unit AG104A1 AG1241 AG1541 AG15E1
Methed
Tensile 23C | ke/cw? 390 450 510 530
strength at D638 :
vield g .
1/8" thickness 73°F psi 5,540 6,390 7,240 7,530
|Flexoral 29C | ke/ew 580 750 850 870
strength at D790 _
. YiEId : [ . F
1/8"X1"X4" bar| - 73F-_- psi 8,230 10,650 12,070 B 12,350
Flexural 23°C kg/cw® | 18,000 .| 25,000 | 27,000 | 28,000
modulus D780 . g -
[1/8"X1"X4" bar 13F psi 256,000 355,000 383,000  |398,000
Rockwell -~ = - | 23°C | ' :
hardnes D785 | 73R R scale a0 105 110 110
'23°C kg.cm/cm 35 30 20 14
_ 73°F ft.1b/in 6.4 5.5 3.7 2.6
[zod impact 0°C kg.cm/cm 32 26 16 11
. strength . 32°F ft.1b/in 5.8 4.8 2.9 2.0
| (notehed) D256 -
1/4" X1/2" X5/2" -20°C kg.cm/cu 29 22 10 7
- . bar - &F | ft.1b/in 5.3 4.0 1.8 1.3
| -40°C kg.cm/co | . 26 18 _ _ |
-40°F “ft.1b/in 4.7 3.3
Heat a .
doflection 648 18.6kg/cu’ C 87 88 89 88
temperature 264 psi F 189 190 192 190
unannea | ed
200°C%5kg | g/10 min 0.4 1.6 1.7 1.9
Melt Flow Index { D1238 :
2200C X 10kg{ g/10 min 10 17 19 21
Specific 4 23°C
gravity D792 73°F 1.03 1.04 1.05 1.05
1/8" ' - — B | -
Plammability | ULO4 |l
1/16" — — HB —
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MBA Polymers 4124 100% Recycled ABS Data Information
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Technical Data Sheet

ABS 4124

A post-consumer recycled acrylonitrile-butadiene-styrene copolymer for general use.
Available in standard black (reference 90/04).

Material Properties

Value Unit Test Method

Physical

Density 1.05 g/em?® MBA Method
Rheological

Melt Flow Rate (230°C / 3.8 kg) 6 g/10 min ISO 1133
Melt Flow Rate (220°C / 10.0 kg) 22 g/10 min ISO 1133
Mechanical

Tensile Stress at Yield (23°C) 40 MPa ISO 527-2/50
Flexural Modulus (23°C) 2100 MPa ISO 178
Impact

Notched Izod Impact Strength (23°C) 10 kJ/m? ISO 180/1A
Thermal

HDT A (1.80 MPa), unannealed 80 °C ISO 75-1A
Vicat softening temperature VST/A/50 104 °C ISO 306
Vicat softening temperature VST/B/50 95 °C ISO 306
Note:

The data above is provided in good faith and represents typical properties based on our current knowledge and experience. Product
properties may be changed without notice. These properties are provided as a guide and should not be construed as binding
specification limits or minimum values. This document does not create any liability, warranty or guarantee of product performance. ltis
the buyer’s responsibility to determine the suitability of MBA Polymers products for the intended application. We DO NOT recommend

our materials for toys or for applications that involve food contact or human oral contact or for medical applications.

MBA Polymers UK Ltd Contact Information TDS-ABS4124-EN
Sandy Lane, Worksop Tel:+44-(0)1909-504900 Rev 03-13
Nottinghamshire S80 3ET, UK Fax:+44-(0)1909-504938 Page 1 of 2

www.mbapolymers.com E-mail: salesuk@mbapolymers.com
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Technical Data Sheet

ABS 4124

Value Unit

Preprocessing

Drying Temperature 80 °C

Drying Time 2-4 hr

Moisture Content <0.05-0.10 %

Injection Moulding

Melt Temperature Range 200-230 °C

Recommended Melt Temperature 215 °C

Mould Temperature Range 40-60 °C

Recommended Mould Temperature 50 °C

Extrusion

Melt Temperature Range 200-220 °C

Recommended Melt Temperature 210 °C
Note:

The processing parameters listed above are general guidelines based on our current knowledge and experience. The suitability of the
data for a specific processing method can only be ensured with investigations and tests by the end user.

MBA Polymers UK Ltd Contact Information TDS-ABS4124-EN
Sandy Lane, Worksop Tel:+44-(0)1909-504900 Rev 03-13
Nottinghamshire S80 3ET, UK Fax:+44-(0)1909-504938 Page 2 of 2

www.mbapolymers.com E-mail: salesuk@mbapolymers.com
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Injection Moulding Machine Settings Data
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Machine Condition Settings — Test Strip Virgin Natural

Customer Machine 6 Tool No Material Colour
Dmu Arburg 500-210- | DMUOO1/a ABS Natural
320-0
Part No Bolster Bolster No Material Ref Dye Ref
Tairilac AG15A1
STDBO003
Description Part Weight Impressions Shot Weight g
BT Test Piece 10 1 14
Time secs Temp deg ¢ Limit Settings Pressure % Speed %
mm
1st"™ Injection Zone 1- nozzle Plasticise Limit-Dose Inject 1% Stage Inject 1st
/ 220 12 54 65
2™ Injection Zone 2 2" Stage Inject 2™ Stage Inject 2nd
/ 230 / / /
Holding Pressure 1 Zone 3 Holding Pressure Holding 1 Holding 1
5 220 10 25 25
Holding Pressure 2 Zone 4- Mould close stage Holding 2 Holding 2
0 205 1 2" / /
3rd 4"
Shots Per Hr Mould open stage
lst 2nd
3rd 4"
Cycle Time Water Moving Eject 1st Eject Eject 1% Speed
25 55 / / /
Sprue Break ON/OFF Water Fixed Eject 2nd Eject 2nd Speed
on 55 / /

Cooling
13

Back Pressure
18

Screw Speed
40

Any Special Requirements or Comments:-
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Machine Condition Settings — Test Strip Virgin Black

Customer Machine 6 Tool No Material Colour
Dmu Arburg 500-210- | DMUOO1/a ABS Black 3%
320-0
Part No Bolster Bolster No Material Ref Dye Ref
Tairilac AG15A1 | Clariant
STDBO003 OMOO055P
Description Part Weight Impressions Shot Weight g
BT Test Piece 10 1 14
Time secs Temp deg c Limit Settings Pressure % Speed %
mm
1st™ Injection Zone 1- nozzle Plasticise Limit-Dose Inject 1% Stage Inject 1st
/ 220 12 54 65
2" Injection Zone 2 2" Stage Inject 2™ Stage Inject 2nd
/ 230 / / /
Holding Pressure 1 Zone 3 Holding Pressure Holding 1 Holding 1
5 220 10 25 25
Holding Pressure 2 Zone 4- Mould close stage Holding 2 Holding 2
0 205 1 2" / /
3rd 4"
Shots Per Hr Mould open stage
1st 2nd
3rd 4"
Cycle Time Water Moving Eject 1st Eject Eject 1% Speed
25 55 / / /
Sprue Break ON/OFF Water Fixed Eject 2nd Eject 2nd Speed
on 55 / /

Cooling
13

Back Pressure
18

Screw Speed
40

Any Special Requirements or Comments:-
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Machine Condition Settings Test Strip 100% Recycled Natural

Customer Machine 6 Tool No Material Colour
Dmu Arburg 500-210- | DMUOO1/a Repro ABS Natural(dark
320-0 grey)
Part No Bolster Bolster No Material Ref Dye Ref
4124 90/04
STDBO003
Description Part Weight Impressions Shot Weight g
BT Test Piece 10 1 14
Time secs Temp deg c Limit Settings Pressure % Speed %
mm
1st™ Injection Zone 1- nozzle Plasticise Limit-Dose Inject 1% Stage Inject 1st
/ 220 12 54 65
2" Injection Zone 2 2" Stage Inject 2™ Stage Inject 2nd
/ 230 / / /
Holding Pressure 1 Zone 3 Holding Pressure Holding 1 Holding 1
5 220 10 25 25
Holding Pressure 2 Zone 4- Mould close stage Holding 2 Holding 2
0 205 1 2" / /
3rd 4"
Shots Per Hr Mould open stage
1st 2nd
3rd 4"
Cycle Time Water Moving Eject 1st Eject Eject 1% Speed
25 55 / / /
Sprue Break ON/OFF Water Fixed Eject 2nd Eject 2nd Speed
on 55 / /

Cooling
13

Back Pressure
18

Screw Speed
40

Any Special Requirements or Comments:-
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10 Virgin ABS Test Strip Results
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10 100% Recycled ABS Test Strip Results
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Capacitive Touch Screen Information
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C5000™ Ultra-Low-Power DSP 250

Audio Capacitive Touch BoosterPack

I WIDS

INSTRUMENTS

Product Bulletin

For MSP430™ Value Line LaunchPad Development Kit

The Audio Capacitive Touch BoosterPack
(ACTBP) is a plug-in board for the LaunchPad
development kit and MSP430 Value Line
microcontrollers. The kit offers a complete
reference design for capacitive touch solutions,
using the capacitive touch I/0 ports of select
MSP430 Value Line microcontrollers. This refer-
ence design allows designers to easily

control the C5000 ultra-low-power DSP using
TI's MSP430 microcontroller for crystal clear

playback and record of MP3 audio/voice files.
Using the Audio BoosterPack, programmers
realize the power and efficiency of the C5000
DSP without having to learn how to program

the DSP. And the combination of the lowest
standby power microcontroller (MSP430) with
the lowest total power DSP (C5000) allows
manufacturers to deliver ultra-low-power devices
with extremely long battery life.

Key benefits

e Includes MSP430G2553IN20 Value Line
microcontroller — pre-programmed with
demo firmware to easily control complex DSP
algorithms

e |ncludes the TMS320C5535 digital signal
processor (DSP) — lowest active power for
crystal clear audio/voice MP3 encode and
decode

e Supported by a user interface for OLED
display and MP3 playback/record application
APls

e (apacitive touch scroll wheel, proximity
sensor and on-board LEDs

e Supported by a complete capacitive touch
software library

e Stereo single-jack headset connector
(supports stereo/mono headphones with
built-in mic)

e microSD card with pre-programmed DSP
code for MP3 playback, record and music
storage (file storage)

e USB mass storage device capability for the
microSD card with provided USB cable

e (OLED display (monochrome, 96x16 pixels)

e (Quick Start Guide included




Technical Details

The Audio Capacitive Touch BoosterPack allows

quick evaluation and simplified design of audio

capacitive touch products and includes:

e BoosterPack board with ultra-low-power
(5000 DSP for crystal clear playback and
recording of MP3 audio and video files

e microSD card pre-programmed with the
DSP function code -- MP3 playback, record
and music storage (file storage)

e Mini-USB cable for connection with a
computer to power up the system

e Stereo single-jack headset connector
(supports stereo/mono headphones with
built-in mic)

e |nitial demo headset with integrated
microphone

e MSP430G2553 Value Line Microcontroller
pre-programmed with the ACTBP host demo
application — this will replace the MSP430 on
the separate LaunchPad (not included).

e Supported by a user interface for OLED
display and MP3 playback/record application
APIs

e (apacitive touch scroll wheel, proximity
sensor and on-board LEDs

e Supported by a complete capacitive touch
software library

e USB mass storage device capability for
the microSD card with provided USB cable

e OLED display (monochrome, 96x16 pixels)

o Quick start guide

Software

Through the MSP430 LaunchPad (not included),
designers can interface with integrated software
environments such as Code Composer Studio
version 4 or IAR Embedded Workbench. These
free IDEs include an assembler, linker, simulator,
source-level debugger and C-compiler to help
developers integrate new and customized

audio and voice applications. Tl also offers a
complete capacitive touch software library,
enabling designers to quickly and easily
prototype and test new designs.

Support

With the Audio Capacitive Touch BoosterPack
designers also get unlimited access to the
LaunchPad Wiki. This Wiki promotes
collaboration and simple sharing of solutions
and ideas, making LaunchPad along with
the BoosterPack a complete development
environment for audio capacitive touch
designs. This active and growing online
community supplements the hardware and
software components of the LaunchPad and

BoosterPack package and provides instg 5 1
support, projects and helpful hints that will be
shared through the Wiki pages and E2ETM
forums.

For customers looking for extra support for the
(5000 DSP, Tl offers complete support by TI's
extensive Developer Network, as well as a
complete Chip Support Library, comprehensive
application notes, reference designs, application
qguides, videos and online communities.

Get Started Today

Easily upgrade low-power applications with Tl's
new C5000 DSP-based Audio Capacitive Touch
BoosterPack for the MSP430 LaunchPad
development kit. For the first time, new
functionalities can be enabled on the DSP

and controlled solely by the MCU, including
crystal clear audio capabilities.

For more information on the C5000 Audio
Capacitive Touch BoosterPack, please visit
www.ti.com/audioboosterpack.

Important Notice: The products and services of Texas Instruments Incorporated and its subsidiaries described herein are sold subject to Tl's standard terms and conditions of sale.
Customers are advised to obtain the most current and complete information about T products and services before placing orders. Tl assumes no liability for applications assistance,
customer’s applications or product designs, software performance, or infringement of patents. The publication of information regarding any other company’s products or services does
not constitute TI's approval, warranty or endorsement thereof.

The platform bar C5000 and MSP430 are trademarks of Texas Instruments.

All other trademarks are the property of their respective owners.

© 2012 Texas Instruments Incorporated
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TlI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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TOPAS Advanced Polymers

TOPAS Advanced Polymers manufactures and
markets TOPAS® COC (cyclic olefin copolymer)

for advanced packaging, medical, optical and other
applications worldwide. The company is a joint
venture of Daicel Chemical Industries Ltd., and
Polyplastics Co., Ltd. Headquartered in Frankfurt,

Important

The properties of articles can be affected by a variety of factors,
including choice of material, additives, part design, processing
conditions, and exposure to the environment. Customers should
take responsibility as to the suitability of a particular material

or part design for a specific application. In addition, before
commercializing a product that incorporates TOPAS, customers
should take the responsibility of carrying out performance
evaluations. Our company’s products are not intended for use

Germany, it operates a U.S. subsidiary in Florence,
Kentucky, USA, and a 30,000 metric ton per year
plant, the world’s largest, in Oberhausen, Germany.
TOPAS Advanced Polymers was launched January 1,
2006 following the purchase of the TOPAS business
from Ticona, a subsidiary of Celanese Corporation.

in medical and dental implants. Unless specified, the numerical
values given in this literature are for reference purposes only

and not for use in product design. Without exception, please
follow the information and other procedures explained in this
literature. This literature does not guarantee specific properties for
our company’s products. Please take the responsibility to verify
intellectual property rights of third parties.
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1. Introduction

TOPAS COC (cyclic olefin copolymer)

TOPAS is an amorphous, transparent copolymer

based on the polymerization of ethylene and nor-

bornene using metallocene catalysts. Its property ity — ks
profile can be varied over a wide range by adjusting

the chemical structure during polymerization. These

new materials exhibit a unique combination of

properties whose performance benefits include:

» High transparency and gloss

» Excellent moisture and aroma barrier

» Variable glass transition temperatures from 65°C up to 178°C
» High stiffness and strength

» Easy to extrude and thermoform

» Compatibility with polyolefins

» Excellent biocompatibility and inertness

» Resists hydrolysis, polar organics, acids and alkalis
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Broad use in packaging

These characteristics have made TOPAS a widely
accepted packaging material that enhances packaging
performance over a broad range of applications.
TOPAS opens new opportunities by adding a new

Table 1: TOPAS packaging applications

Cyclic Olefin Copolymer (COC)

tool in the packaging engineer’s toolbox. It is used
as a blending component for other polyolefins to
enhance performance and as a discrete layer in
coextruded multilayer films.

Forming webs
Soft shrink film

Shrink sleeves and labels

Slip additive

Sealant films

Twist wrap

Bags/pouches

Medical trays

Paperboard coating

Zipper closures

Blister packs

improved forming window and uniformity
tough, stiff, soft shrink, halogen-free, polyolefin

high shrinkage and stiffness with low shrink force

non-migrating for reduced ambient and hot COF
in polyolefin film

additional stiffness, improved seal strength
and hot tack

high end clarity and gloss, excellent deadfold

increased stiffness at room temperature and under
hot-fill conditions, easy tear, retort performance

high moisture barrier, deep draw, clarity

increased moisture barrier, reduced curl

reduced warping and camber, increased opening
force

high moisture barrier, deep draw, halogen-free
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2. Product portfolio

TOPAS is a high purity, colorless, transparent polymer  heat deflection temperature (HDT/B), i.e., those with

often processed by extrusion. TOPAS F-series grades higher norbornene content have higher heat resis-
give optimum performance in extruded sheet, cast tance. Flow characteristics may be adjusted indepen-
film and blown film (Table 2). TOPAS grades differ dently of heat resistance with molecular weight.

primarily in their glass transition (Tg) and the related

Table 2: Standard TOPAS film grades

TOPAS 9506F-04 High clarity extrusion grade for use in food and medical packaging as either a discrete layer
in multilayer film or in blends with polyethylene (PE). It has a low glass transition tempera-
ture (Tg) and provides excellent clarity, stiffness, water vapor barrier and good thermoform-
ability. TOPAS 9506 is especially recommended for use as discrete layers in blown films due
to its higher molecular weight and increased melt strength for better bubble stability.

TOPAS 8007F-04 High clarity extrusion grade for pharmaceutical, medical and food packaging. It is most of-
ten used in coextruded cast film applications, e.g., blister film, and offers excellent clarity,
stiffness, water vapor barrier and thermoformability. This grade has the broadest range of
regulatory approvals within the packaging portfolio.

TOPAS 8007F-400 Standard extrusion grade with a broader extrusion processing window (equipment and condi-
tions) and is recommended for the extrusion of discrete 100% TOPAS layers or high (> 65%)
COC content blends. It is especially recommended for use in grooved feed extruders.

TOPAS 6013F-04 High clarity extrusion grade having high temperature resistance for pharmaceutical, medical
and food packaging. It has a high glass transition temperature (Tg) and provides excellent
clarity, stiffness, water vapor barrier and thermoformability. It can be used in coextruded
films as a discrete layer or in blends with PE.

Further development grades may be available upon request; please consult your TOPAS representative.

3. Product performance

3.1 Physical properties

TOPAS is a family of olefinic polymers containing atures approaching its Tg. Film grades of TOPAS have
ethylene and typically 30 to 60 mole% norbornene. Tg’s ranging from 65 to 138°C. TOPAS is the only
Unlike most polyolefins, TOPAS is an amorphous ther-  polyolefin having heat deflection temperatures (HDT)
moplastic having a glossy, crystal clear appearance as high as 170°C (338°F) at 0.45 MPa (66 psi).

with high modulus and low shrinkage. It is available For all TOPAS grades, HDT is about 10°C lower

with glass transition temperatures (Tg) ranging from than Tg values. Other properties associated with the
65 to 178°C and maintains high modulus at temper- various grades of TOPAS are given in Table 3.
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Table 3: Physical properties of TOPAS

Cyclic Olefin Copolymer (COC)

Property

Density

Melt Volume Rate (MVR)
-at 230°C, 2.16 kg load

-at 190°C, 2.16 kg load
Melt Flow Rate

-at 230°C, 2.16 kg load

-at 190°C, 2.16 kg load
Water absorption (23°C - sat)

Thermal properties

Glass transition temperature
(10°C/min)

Test specimen production (film)

Type of extrusion

Thickness of specimen
Mechanical properties (film)

Tensile modulus
- machine direction

- transverse direction

Tensile strength at break
- machine direction

- transverse direction

Elongation at break
- machine direction

- transverse direction

Elmendorf tear strength
- machine direction

- transverse direction

Dart Drop Impact Strength, F50
Optical properties (film)

Gloss 60°

Haze

Barrier properties (film)

Water vapor permeability
(38°C, 90% RH)

Oxygen permeability
(23°C, 50% RH)

Unit
kg/m?

cm?/10 min

g/10 min

%

°C

pm

MPa

MPa

%

%
%

g-100 pm/
(m2-day)
cm?-100 pm/
(m2-day-bar)

Test method
ISO 1183

ISO 1133

ISO 62

1SO 11357
1,-2,-3

ISO 527-3

ISO 527-3

ISO 527-3

ISO 6383-2

ISO 7765-1

ISO 2813
ISO 14782

ISO 15106-3

ASTM
D3985

* Calculated from ISO 1133 MVR using a melt density of 0.92.
** Haze level will depend on processing conditions.
The above values are representative values and not guaranteed values for quality or design purposes.

9506F-04
1020

6.0
1.0

5.5
0.9
0.01

65

cast
70

1700
2000

55
55

2.9
3.6

230
240

<36

> 100

<1

0.8

170.0

8007F-04
1020

12.0
2.0

11.0
1.9
0.01

78

cast
70

2200
1800

57
50

2.9
3.0

225
230

<36

> 100

<1

0.8

200.0

8007F-400 6013F-04
1020 1020
11.0 1.0
2.0 -
10.1 0.9
1.8 0.1
0.01 0.01
78 138
cast cast
70 70
2100 2400
1700 2250
55 55
50 45
3.4 2.4
3.4 2.2
- 9
- 9
- <36
>100** > 100
>Q¥* <1
0.8 1.3
- 280.0
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Starch-based completely biodegradable polymer materials

D.R. Lu, C. M. Xiao®, S. J. Xu

College of Material Science and Engineering of Huagiao University, Quanzhou, 362021, P. R. China

Received 21 February 2009, accepted in revised form 30 March 2009

Abstract. Starch is a natural polymer which possesses many unique properties and some shortcoming simultaneously.
Some synthetic polymers are biodegradable and can be tailor-made easily. Therefore, by combining the individual advan-
tages of starch and synthetic polymers, starch-based completely biodegradable polymers (SCBP) are potential for applica-
tions in biomedical and environmental fields. Therefore it received great attention and was extensively investigated. In this
paper, the structure and characteristics of starch and some synthetic degradable polymers are briefly introduced. Then, the
recent progress about the preparation of SCBP via physical blending and chemical modification is reviewed and discussed.
At last, some examples have been presented to elucidate that SCBP are promising materials for various applications and
their development is a good solution for reducing the consumption of petroleum resources and environmental problem.

Keyword: biodegradable polymers, starch, biopolymer, preparation, application

1. Introduction

As well known, synthetic polymer materials have
been widely used in every field of human activity
[1] during last decades, i.e. post-Staudinger times.
These artificial macromolecular substances are
usually originating from petroleum and most of the
conventional ones are regarded as non-degradable.
However, the petroleum resources are limited and
the blooming use of non-biodegradable polymers
has caused serious environmental problems. In
addition, the non-biodegradable polymers are not
suitable for temporary use such as sutures. Thus,
the polymer materials which are degradable and/or
biodegradable have being paid more and more
attention since 1970s.

Both synthetic polymers and natural polymers that
contain hydrolytically or enzymatically labile
bonds or groups are degradable. The advantages of
synthetic polymers are obvious, including pre-
dictable properties, batch-to-batch uniformity and

“Corresponding author, e-mail: congmingxiao@hqu.edu.cn
© BME-PT

can be tailored easily [2]. In spite of this, they are
quite expensive. This reminds us to focus on natu-
ral polymers, which are inherently biodegradable
[3] and can be promising candidates to meet differ-
ent requirements.

Among the natural polymers, starch is of interest. It
is regenerated from carbon dioxide and water by
photosynthesis in plants [4]. Owing to its complete
biodegradability [5], low cost and renewability [6],
starch is considered as a promising candidate for
developing sustainable materials. In view of this,
starch has been receiving growing attention since
1970s [7, 8]. Many efforts have been exerted to
develop starch-based polymers for conserving the
petrochemical resources, reducing environmental
impact and searching more applications [9-11]. In
this paper, the status of preparation and applica-
tions of starch-based completely biodegradable
(SCBP) polymers is reviewed and presented.

366
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Some recent reports indicate that Coca-Cola and PepsiCo’s plant-based
bottles are just the very same plastic. The companies have merely replaced
the fossil fuels (petroleum and natural gas) traditionally used to make their
plastic bottles with ethanol from renewable sources (plant waste in Pepsi’s
case and Brazilian sugar cane in Coke’s).

Though these initial inputs come from renewable, lower-carbon sources,
the resulting plastics are chemically identical to the polyethylene
terepthalate, or PET,and high-density polyethylene, or HDPE, that regular
plastic bottles are made of. No doubt, these are as harmful as their
petroleum-based predecessors.
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The study highlights that Pepsi and Coke are using plants to make the same
polymers we find in other plastics and it has zero effect on plastic pollution.
Besides, the bottles made from ethanol contain phthalates and bisphenol A,

http://www.greenpacks.org/2011/06/20/plant-based-bottles-by-pepsico-and-coke-are-...

27/08/2013


Peter
Typewritten Text
http://www.greenpacks.org/2011/06/20/plant-based-bottles-by-pepsico-and-coke-are-plastic/

Peter
Typewritten Text


Plant-Based Bottles by PepsiCo and Coke are Plastic - GreenPacks Page 2 of 3

266

which can be associated with obesity, autism, and various types of cancer.
Bio-resins may be recyclable, but new Pepsi and Coke bottles are neither
biodegradable nor recycled.

It needs to be noted that companies like Naked Juice, Naya Water, and
Eldorado Water have been already on the path of green by using bottles
made from 100% recycled materials. Unfortunately, PepsiCo’s and Coke’s
green bottles turned out to be a mere hollow green facade!

(via Slate)
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