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ABSTRACT

The financial and environmental costs associated with the manufacture and consumption of
products may be reduced through design for efficient production, service life extension and
postconsumer value recovery. | n onsidetomfere t o
the whole product life cycle, British Standards Institution (BSI) published BS-8&2006)

Design for Manufacture, Assembly, Disassembly and -&wrde processing (MADE).

Original research into the distribution and use of this fiest of the MADE series is reported

in this thesis.

The organizatiors that accessed BS 8887were categorised using their Standard Industrial
Classification (SIC) codeThe results are presented graphically in multilevel chesitsgthe
hierarchical sucture of the SIC system. The study found that the majorgyaoidards users
that purchased or downloaded BS 8388Were companies in the manufacturing sector and
particularly electronics producers. Edtional institutions also showedigh levels of
interest irnthe standard

For the first time, the use of BS 88&17n practice has been investigated. The purpose was to
discover if, why and howt is being used and to identify examples of its appbcain design
practice. This was accomplished througsemistructured interviews with design
practitioners from both industry and academia, thus helping to explain the results of the
earlier SIC study. The information gathered through the interviews shows how BS 8887
has informed the design process and/lit has been used in combination with various design
and management techniques e.g. Advanced Product Quality Planning (APQP).

These studies suggest that demand for the standard has been stimulated by the introduction of
Extended Producer ResponsibilitERR) legislation, especially the Waste Electrical and
Electronic Equipment (WEEE) directive. Importantly, the use of BS -A8Bds been found

to behelpful in winning new business amdducing the costs associated witlanufacture

product maintenance amndaste management. Based on the result of the qualitative research,

a new model of the use of standards in the New Product Development (NPD) process is
presented

The research was proposed by the Chairman of the BSI technical committee responsible for
the BS 8887 seriesThe beneficiaries are BSI, industry and acaide sincethe investigation

has shown BS 888Y to be of value, and has informed the continuing development of this
series of standardsThe thesis conades by arguing foBS 8887 to becomthe basis of an
International Organization for Standardization (ISO) standard in order to reach a wider
audi ence. I't also identifies a need for the
additional supplementary interpretatiexpanding on,r@d adding detail to, the information in

the standard itself Influenced by this research, at the time of writing a new BSI working
group was being formed to consider developing BS 8887 as an ISO standard. BSI had also
begun the process of commissioninghandbook toassist designers in the practical
application ofBS 8887 in industrial design



"We are living on this planet as if we had another one to go to."

[Connet, 1997]
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CHAPTER 1 Introduction
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1.1 Statement of Thesis

This thesisreports on an investigation intoethuse of BS 8881 and presentsoriginal
findings. Its main argument is that tHdée cycle planning approach faroductdesignand
managementequired by the standard should assist industry in achieving more efficient
production and greater profitabilitgs well as helping tpreventunnecessary depletion of
natural capital and the accumulation of potentially harmful waskée purpose of the
research was to provide feedbackB S | TD%V4/7 Committeedeveloping theBS 8887

series.

Designing to meet the requirements of BS 8&8Fan supportlosedioop production in

which postconsumer products become the inmaterials for manufacture. Thagpproach
promotes the diversion of waste back into production, reduttee demand for virgin
materials and retagnsomeor all of the embodied energy within materials and components.
BS 888%1, together with the other BS 8887 standards in the series, authoritatively specifies
the requirements necessary to facilitate effitigoroduct recycling, remanufacturing,
reconditioning and most recently, -mearketing. By making provision for product
reprocessing during New Product Development (NPD), the economics of recycling and other

related processes may be significantly improved.

Whilst this thesis argues that prodiifg cycle planning supported by BS 8887 can constitute

a financial advantage for manufacturers and the wider economyndeelying argument is a
moral one as well as practical one. It cannot be just to consomeraciously as to
impoverish future generations. Design for Disassembly (DfD) and Design for Reprocessing
or Recycling (DfR) should help to assure the future availability of high quality materials thus

achieving greater intergenerational equality. Hosvethis idealist perspective would be of



little interest to industry without sound financial justifications and a competitive advantage

that can be realised by individual manufacturers within a relatively short time scale.

Evidence from the researttas keen used to support or add comment to the argument that
there is a need in industry for standards on prodifet cycle planning to guide the
development of more environmentallgrignsustainablelesign Novel aspects of this thesis

include:

1 Use ofStandrd Industrial Classification (SIQp investigate the distributioof BS
88871 across industrgectors.
1 Multilevel chartsutilizing the hierarclcal structure of the SIC system.
1 Use of semsstructured research interview technigue investigate the influence of
BS 88871 among the people that use the standatideir professional work.
1 Original combination of quantitative and qualitative research methods applied to the
use of BS 8881
1 Two original models of the design process
1. Combining NPD with the materials economy and prodtrot-of-Life
(EoL) roots
2. The use of standards in the design process based on the interview
results

1 This is the first investigation into the distribution and use of BS 8887

1.2 Background
Design and manuure are centuries oldactivities but the growth in consumer goodser
the last 50 years has been phenomerdie mineral wealth of our planet is extracted and

used to manufacture products sold through vast retail netwaddditionally, the populatio



increaseover the last 200 yearsreates significandemand formore natural recoursesii | n
the UK it has been estimated that there are around two million computers, five million
televisions and four million mobile phones sold each year" [Howarth, 004 The
wasteful disposal of products continues to accelerate as a resadthgbopulationgrowth

and increasing stalards of living [Herring, 2006. 8]. Industrialisation, the pace of
technology change andgr production and consumption modatg contributory factors in

this environmentally damaging pattern.

Climate changes probably the mostidely discussed and debated environmental issue of
our day. When @rtain gases, especially carbon dioxidérous oxideand methaneare
released, thefjorm a barrier that uces heat loss from our plaf€ore, 2007] Recycling
generally requires less input energy than the production of virginriadateand therefore

results inlower volume of emissions i One way t o +efécerscyaf matrialb e eco
is to consider the embodied energy. This energy relates to the energy required to extract the
raw resources, transport them to a factory and process them into refined materials. One tonne
of aluminium, for example, takes more than 100 times moe¥gg to produce than one

tonne of sawn timber. In general, materials extracted from nature and requiring little
processing tend to be low embodied energy materials (typicdlBMRI/kg), while marmade
materials tend to havenedium or high embodieénerges (typically 10MJ/kg to over

1000 MJ/ k g0ke2008mp.23].d

Human industrial activity is having a significant and detrimental impact o&dhd fiThe
changing environment of our fragile planet is a result of the things that we do and the tools
that we use. Now the changesttixee have brought about are sajor and so threatening it

is imperative that the designers and architects play thetirippdnelping to find solutiori's



[Papanek1995p. 8]. Over the past few decades environmental isswgding the damage
caused by certain industrial activitidggve increasingly lm®me a source of public concern.

As a resulthere has been a proliferation of products alvhich variousgreenclaims have

been made. Despite considerable advances ihig field, it is difficult to think of many
industrially manufactured productisat do nothavea negativeimpact on the environment.
fiMost are detrimental in terms of resource depletion, toxic metals and energy coasanapti
[Holdway andWalker, 2004 p 9]. The impact of design and management decisions and their
damaging effects can be seen downstream in the toxic waste filling the world's landfill sites
[Holdway and Walker, 2004 p. .7]JHowever,environmentally conscious desigan help to

minimise negative impacts

Business models incorporating service life extension or reprocessing strategies are of
growing interest because of their potential to increase profits and reduce negative
environmental impact. More sustainable industry and reducegl €n¥sions may be
achievedat leastinparh y Apromoting increased | evels of
recover the energy invested through virgin material processing and reducing the embedded
energy content of mat Eloweva,lfos powefed @ddicts that 0se 9 p .
energy to function, other strategies for lifg/cle emissionsreduction may be more
appropriatee.g. the use of high efficiency motaad light bulbsor lightweight materials in

vehicles

The necessityf finding ways to e finie resources more efficientlyas one othethemes
of the 1992 Rio Earth Summifthe nmjorl causeyof theo c u me
continued deterioration of the global environment is the unsustainable pattern of consumption

and production, padularly in industrialized countries, which is a matter of grave concern,



aggavating poverty and imbalan@e@JNEP, 1992]. We canhelp toimprove this situation
by making theuse of materials cyclical rather than linea. reusing and recycling rather
than dumping or incineratinghem To do this we musgliminatethe disposal stage and

replace it withother more sustainable options

Sustainable design recognizes that nothing exists in isalanmhthus requires dgsers to
consider their work in relation tine wider system The objective is to design products that
will be profitable for business and enhance people's lnv@ge minimizing damag to the
natural environment. Sustainable design offers busiopgatunities that should act as a
catalyst for innovation. Goods and services that efficiently meet people's needs at reduced
negative social and environmental cogtovide an opportunity for companies to gain a
sustainable advantage [Greenwp®@08 p. 2829]. i T rerdof-life is one phase of thife
cycle stagesgaining increasing attention in the market. Countries aochpaniesare
establising goals for achievig sustainable development and reducimgsource
consumption [Roseet al., 2001 p 182]. For individual companies, an important motivator
for sustainable desiganddevelopments economig particularlythe avoidance of penalties,

improvements in efficiengyandenhanced corporate image

The United Nations (UN) World Commissian Environmentand Development (WCED)
Brutland Report o6Our Commoesd SFFwd tua evsdapiqendd | D s h e
as "Development that meets the needs of the present without compromising the ability of
future generons to meet their own ne€dfVCED, 1987 p. 8. 6 Sust ai nabl ed me
support or endure for an extended period of time. In this context it refers to the aliligy of

Earth to support advanced esgstemsand lifeforms, paticularly humancivilization and its

material and ezrgydependent economieSustainabilitygoes beyond environmental aspects



and encompassdinancial and social issue&or sustainable industrial design, the objective
must bethe development of produg¢tand Product ServiceyStems(PSS) that generate
wedth and employment whilst preserving energy amaterials Additionally, the goals of
sustainable developmentust include the minimization gfollution to land, air and water.
fiSustainable development is the journey towards sustainaljiywarth, 2004 p 11]. The
development of standards that may be used by designdrsnanagerto help createmore
environmentally friendlyproducts that are suitable for reprocessing a step towards

resolving some of these issues.

For production the focus fo industrial designerswas traditionally on Design for
Manufacture (DfM). This was later expanded to include Design for Assembly (DfA). The
limitations of selected production processes, and the requirements for ease of assembly,
influence the design destons made The objective of DfM is to optimise components to
match their production processes. However, not all processes are relevant to all materials,
parts or situations. Therefore it is necessary to have an understanding of the consequences of
selecting a particular process before beginning to develop a new component or product. For
example, to design a moulded plastic part, it is necessary to incorporate draft angles in the
design so that it can be ejected easily from its mould. Failure to oredepthe appropriate

draft angle could result in a higher cost or greater difficulty to manufacture.

Much has been writteabout DfM detailing the cost implications of mategiate, part count
and manufacturing processs but similar details about the osts associated with EoL
processingare less well established. There is a need for praktadvice and information
regardingthe implications of design decisions and material choioeselation to EoL

processing If a product or part of a product has go into landfill it has a negative value



associated with it as someon#l have tobear the cost dhat disposal.

The environmental impaodf manufactured goods can be reduced if designers plan for
sustainability throughout the whole product Idgcle. This requires consideration of the
implications of materials selection, sourcing, product architecture, manufacturing processes
and part fixing methods employed, as well as product energy efficiency and consumables
used. Strategies to improve tledficiency with which postonsumer products may be
reprocessed include giining for remanufactureeconditioning,repair, repurposing parts

reuse, materials recovery and recycling or design for natural degradalfiligre r o | andf i
camot be achievedinlesscompanies redesign their products to minintifgecycle impacts-
particularly at theendof-lifed [Holdway and Walker 2004 p.7]. Planning forproduct
reprocessing is an area of growing importara® is emissions reduction from production
Desgn for reprocessingand disassembly are nofkequently important aspects of design

briefs[Howarth, 2004p. 12].

The necessity to reduceetinegative environmental impaat manufactured goods has led
governments to pass legislation that forces more bengerials selection and produife
cycleplanning. Changesithin thelaw, to protect our environmergause companies take

action as they begin to affect profitability. Legislative pressures are increasing and
consumers are becoming ever more aware of, and concerned about, environmental issues.
The combination of these pressures is driving businesses to desastginable Product

Developmen{SPD) strategies [Jones, 2001 p. 27].

There is a strong financialincentive for product life cycle planning as well as an
environmental one. By designing and planning for product reprocessing much of the

production investment and embodied rgye i.e. the energy that is required to refine raw



materials and then manufacture components and products, can be retained after the consumer
no longer requires the original itemDfD makes efficient deconstruction possibl&@he

design and configuratioaf a product plays a significant role in the ease of recyclingeat th

EoL stage [Kobayaslet al., 1999. DfD is also important for product repair, maintenance

and remanufacture and can improve the economics of recycling by enabling materials to be
sepaated and reprocessed with minimal loss of purity thus maxgitheir value. EoL
products should therefore become assets rather than liabilities. The four properties decisive
in determining the efficiency with which a product can be disassembled andesped are

ease of identification, accessibility, separation and handling of componentsaadals

[Johansson 2008, B5].

EoL planning should be considered at theibegni ng of t he Thd preducgn pr o
design and development phase inflenenore than 80% of the economic cost connected

with a product, as well as 80% of the environmental and social impacts of a product, incurred
throughout its wholdife cycled [Charte and Tischner2001, p.120]. Itis therefore most

cost effective when Bsign forEnvironment (DfE) andDfR are addressed at tlag-initio or

early stages in the product development process. "Environment, especigiby-life,

concerns must be addressed early in the design stage, wheroakeeae still possible"

[Roseet al., 2001 p 193]. fiDesignfor environmentefers to the systematic incorporation of

environmental factors into product design and developij@&okker et al, 2001 p 148].

There is even evidence that environmentally friendly design does not necessarily increase
production costs and cdiead to reductions icosts ofdevelopment, assembly, packaging,
service and disposal of up to 509Bllinger and Bopp1998 c i t e ek, 2002, pOM]S h

A strong business case farssainable design can be maderaseasingly companies see the
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creation of positive environmental aspects to their products as a way of improving their
market position [Roseet al, 2001 p. 1 8 2] . i@ Slesignt can Imeapbrtrayed as a
competitive advantage in the market placéecause money saved from efficiency can put

busi nesses ahead fipn@®ci allyo [ Thorpe, 2007

1.3 ResearchObjectives

Although this researchwas primarily supervised by Professor David J. Harrisehose
research interests include sustainable design and printed electtio@ipsoject was proposed
by theReverendr. Brian J. Griffiths chairmarof the BSI committee responsible for the BS
8887 series. BSI has also supported this work and results have been peripdesshyted to
them duringaddresses made at committee meetingke resulting publications have also

been circulatedmongthe committee members authoring the BS 8887 series.

The purposeof the research was tdiscoverif, why and how BS 8881 is used{o gauge
i ndustryods, to gathertciitiosms df @ and teeek opportunitiesfor further
development othe standard The majority of the research takes the form ofarvey the
results of which are used #scertainthe situation wih regard to the use of BS 88&7n

practice.

The positive findingof this studyhave helped to justify the continuing development of the
BS 8887 sries whik the criticisms of the standandve been noted. This reseahas been
rigoroudy conducted and thereforeis a significant source of feedback about BS 8887 that

will continue to inform its development

11



1.4 Summary of Chapters

141 CHAPTER 1 Introduction
This is an initial overview of the content and argument of the thesis detailing its structure and

layout.

1.4.2 CHAPTER 2 Literature Review

The focus ofthis review is the relationship betwestandardsnd environmental legislation
that influences Design for $istainability (DfS). Theseare discussed with reference to
authoritative published sourcedlost of theavaileble information relating t®S 88871 has
been cited Significantly,very little has been written abotlite standardther than the papers
originating from thisresearchand from Rev. Dr. Briand. Griffiths. The literature review
shows thigo beoriginal researclandshowsthat no othestudiesinto the implementation of

this economicallyandenvironmentallybeneficid British Standard havieeen conducted.

1.4.3 CHAPTER 3 Methods Review

The majority of theeviewis concerneavith various qualitative researchethods These are
evaluated in relation to the needs df siudy. Theemphasi®n qualitativemethodseflects

the focus of thisthesis Some of the section headingsn the review are based orthe

equivalent chapterin 6 | ndust ri al Application of 6 Envir

[McAloone, 200(.

144 CHAPTER 4 Distribution of BS 88871
The marketfor BS 8887 is described accordingthe principal activitiesof companies and
organizationsthat purchasedor downloadedhe standardinceits publication inOctober

2006 and up until August 2009 The age, size and location of BS 88Btustomersare

12



investigated Results are considered in relation to the possible influenpeoaoiuctrelated
environmental legislationThe proportionof these customerssith an accredited International
Organization for Standardization (ISO) Quality ManagementSystems (QMS) and/or
Environmental Management Systems (ENkSgstablished Additionally, the uptake othe

standardy academic ingutionsis discussed.

1.4.5 CHAPTER 5 Quantitative Analysis of Interview Results

Information resulting from the qualitatie research was reviewethd quantifiable results
wereextracted from the transcripts. Pie chavese produced to shoarganizationd8 us e of
BS 88871 and the motivesand influences that caused them to consider environmental

sustainability in relation téheir business operations and product design.

NVivo-processed qualitativenformation is presented graphically with interpretation and

discussion.

1.4.6 CHAPTER 6 Pilot Studyi The Use of BS 8881 in the Electronics Industry
The SIC Study found a large proportion of thBS 88871 customer baseonsisted of
companiegngaged in the manufacture déé&rical and EectronicEquipment (EEE) These
companies were contacted and interviews were arranged witbpaigpe members of design
and engineering staff.By selecting firmswith similar businessnterestsit was anticipated
that common themesould become apparentThe responsegatheredformedthe basis of

thepilot study.

1.4.7 CHAPTER 7 Main Study (Part 1) Design for Manufacture and Sustainability
in New Product Development
Following thepilot study, the researclwasbroadenedo include allorganizatiors known to

haveaccessed BS 888 Throughout heinformationgathering processultiple aspects of

13



design practice were investigated.This dhapter focuses othe experiences oihdustry
practitioners applying the standardand emphasises its influence on profitabjlity
sustainabilityand itsapplicationin the design processComments from users are evaluated

with reference to design process requirements detaild8 88871.

1.4.8 CHAPTER 8 Main Study (Part 2)Iintegrating Life Cycle DesignStandards in
New Product Development

The case studies show thBS 88871 is being usedor has beerproposedfor use,in

combination with a number of existing sysi® and tools during commercial Technical

Product Development(TPD). These includeAdvanced ProducQuality Ranning (APQP)

EMS, Theory of hventive Problem Solving (TRIZand House of Quality (HoQ) which is

partof Quality Function Deployment (QFD)

The findings are significant becautbeey demonstrate that BS 8887is usedin commercial
design practicand he applcation of regirements specifietly the standarthasbeen shown
to have a cost benefiddditionally, the standarthasproven to be useful irdesign education.
It can therefore be anticipated that BS 888Will continue to be used and continue to

contribute to incrementairoductdesign improvementnd environmental impact reduction.

1.4.9 CHAPTER 9 Discussion and Conclusions
The original researcHindings in this thesisre presented conciselyThe sigiificance of the
resultsis discussed in the context the need fosustainablalesignand production Finally,

suggestions angecommendationfor the further évelopment and use 8S 8887are made

1.5 Project Plan

A project pan was developedt the start of this research, amskd in early presentations at

14



both Brunel University and BSI.As theresearchprogressedhis was updated to illustrate
how the research had developéature objectives anthe steps necessary fawompletion
This proveda useful referencduring annual progress monitoringrhe version presented
here inFigure 1.2: Project Planning Gantt Chattasbeenfinalized to retrospectively show
when various task€ommenced anavere accomplishedas wdl as themonthsin which

conference addsses wre delivered and whgournalpapersverepublished.
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CHAPTER 2 Literature Review

Themedor this review and the subsequeasearctwere initially explored using mind maps
[see Buzan 198§. An updatedversion ofthe mind map developed for this projeds

presented ifrigure 2.1: Research fiemes
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BS 8887-1 MADE General Concepts,
Process and Requirements

B35 8387-2 MADE
Terms and Definitions

BS §887-210 MADE
Remarketing

BS 8887-211 MADE
Remarketing of Computing Hardware

BS 8887-220 MADE
The Process of Remanufacture. Specification

BS 8887-240 MADE
Reconditioning

Continuing
Development
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Requirements

Methods

Strategy

Financial Influences

Social Design for MADE
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Production

Value Recovery Economic

Resource Use
Resource Scarcity
Customer Demand
Market Trends

Motives

Competitiveness

150 14001 EMS Systems Requirements

150 14040 EMS Life-cycle Assessment.
Principles and Framework

150 14041 EMS Life-cycle Assessment.
Goal and Scope Definition and Inventory Analysis

1SO 14062 EMS Integrating Environmental Management
Aspects into Product Design and Development

IS0 QMS 9001
Requirements

Attitudes
Motives
Procedures

Accreditation

Figure 2.1: Research Themes
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Each of the topics identified iRigure 2.1 has had some influencen this thesis The focus
of the research ithe relationshipbetweenEnvironmentally Sensitive Design (ESDhe use
of sandards, particularly BS 888&@nd ExtendedProducer ResponsibilityePR) legislation.

This isillustrated in the Venn diagram Figure 2.2: Research Focus

BS 8887

Figure 2.2: Research Focus

2.1 Product Designand the Environment

On average, ten tonnes of resources are used for every one tonne of products made and, for
consumer products, 60% of them will no longer be in use after just six njehihgphries

Smith, 2010 p. I;1Howarth, 2004 p. I3 A Pr oduct ¢ i fedspiamg mrapi dl
1991 p. 56]. There are four principal reasons why products are retired from service, these

are technical cycle- a significant technological advance maake obsoletean old but

functional productwear out cyclei product deterioration through yseedesign reason

iterative improvement e.g. stylistic changesd function integration level new features

added. The reason for a product being retired is likely to havaflaence on the EoL

reprocessing strategy adopted [Xetgal, 2003 p. 153154.
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Historically industrial designers and engineers have giwde consideration to the wider
areas of resource depletion, energy consumption, polléroon landfill sitesand materials
toxicity. Therefore, design is in parésponsible for the condition of the planet, which
becomes ever more criticiloldway andWalker, 2004p. 9]. The environmental impact of
productsmay have beeless of a concern in the pdstcausenatural resources eve more
abundant andates of consumptiolower owingto a less extravagardulture and smaller
population. Todaydesigners must not only achieve the required functionality, cost and value,
but also consider environmental impacocial and regulatory responses to environmental
issues are forcing companies arbler aganizations to reduce the burdens that theygaan

the systems of the natural world [Ellraghal, 2008 p. 1620].fiinternational law is pushing
companies towards increased recovery and recycling of all mabgHaklway and Walker

2004 p 7].

2.2 Standards

BSI was the wor | doés Boflyi(NSBYBSINAQAH arigirating abtheand ar d
beginning of the 1900fWoodward, 1972 p.]Jilt had been realised that thmnecessary

diversity of components and parts produced by various manufacturers resudtéatknof
interchangeability Sandardizationhelps preventproblems in production, repair and
maintenance of productdt fosters international trade thanks to the elimination of technical
barriers Casadesust al, 2008 p 174]. Today, $andardsfacilitate the design and
manufactuing processby festablshing safety criteria, promag quality with economy,

assising communication and tragdeand inspiring confidence in manufacturand use 0

[Simmonset al, 2009, p. 295].

BSI defines a standards a fdocument, established by consensus and approved by a

20



recognized body, that provides, for common and repeated use, rules, guidelines or
characteristics for activities or their results, aimed at the achievement of the optimum degree
of order in a given conk¢d [ ,B0®D]. Sandardizatiorbenefits both the customer atiek
manufacturerby ensuring that everyone works to an agreed and consistent model. "The
consumer needs uniform and readily comprehensible standards that will be respected and
policed" [Pa&ard 1960 p 252]. Today, BSI is so well known and respected that it is

recognized as a UBusinessSuperbrand [BSR0114.

ISO is a federation of NSBs from industrialised countriésvas formed at the end ®&¥orld
War Il and now represents over 1B8tions. Since ISO began, BSI has been an important
member [Macleod, 2007 p. 26]The name ISO is derived from the Grasks meaning

equal. tis referred to by th same name in every langua§O, 2010]

Standards are developed in response to the needs of industry. Today they encompass
specifications, codes of practice, management systems, testing, measurement, sampling,
guides and glossaries. Increasingly they are referred to in contracts and legasatiell as

being used in management, product certification, purchasing and marketing. They are
indispensable for industry as they impagon every aspect of product design and are
essential for competitive, cost effective production as they specifgtiurements to be met

by materials, products and procedures. Standards are both unambiguous and authoritative

[Simmonset al, 2009 p. 295].

Standards are written by committees of vodems. Members that draft therapresent
manufacturers, trade andsearch associations, professional bodies, governments, academic
institutions and consumers [Simmoetsal, 200 p. 296]. Standards epitomibest practice

and should therefore be used as amgo@uwsxper:t
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process ath each standard must be made available as a Draft for Public Comment (DPC)
prior to publication [Hollins, 2008 p 17-18]. The development of standards tends to be
laborious, even when all those involved appreciate the advantagssarafardization

[Norman, 2002 p. 232].

Despite theirigorousdevelopment process there are still some concerns with standards. For
instance, because industry contributes to writing them, there is a tendency to define
requirements at a level that has a leaonomic impact [Bkeland, 2002p. 212]. Also,

standards usually reflect a technology, industry and agreed judgement at a particular time.
They must not be permitted to stifle innovation [Pugh, 1991 p. 56]. This is unlikely as the

use of standards is voluntafgxcept forthose required by law)although in the case of
environmental standards companies can rarely afford to ignore them [Fiksel, 1996 p. 27].
AAny company that i s al r ethaproposedstahdatdivilaegge a pr o

a huge economic advantagélorman, 2003. 232].

In the context of sustainable desigtandardizatiomecessitates thacorporation of a set of
principlesin NPD intendedto minimise the environmental impact of industsighroduced
goods This approach applies to the whoieduct lifecycle, including materials selection,
extraction, manufacturing processasd consideration of the optimal working lifetime of the

productas well aglesignng for reprocessing

2.2.1 Standards and Sustainability

The three pillars of sustainabilitgre economic, social andngironmental[Adams 2006}
Standardscontribute £2.5brto the UK economy [B$12009a], and dring the last two
decades there has been an increase in the number of standards issued concerned with the

economic field. This iikely to be aresult of increased globaaton [Casadesust al, 2008
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p. 1741]

Social aspects of sustainability are supported by ISO 26Gd@ance on Social
Responsibility and the SA 8000Social Accountability Standard Leipziger (2009)
investigatedcase studies in the use of the latter standddvironmental sustainability is
supportedby standards including the ISO 140@&dhvironmental Managemergeries BS

16001 Energy Managementand latterlyfor products BS 888Design for Manufacture
AssemblyDisassembly and Erof-life processing (MADE)i Nei t her | SO 14000
is a product certification or product guarantee. Both refer to the activities onT$igd.is

why the two standards may be suitable for corporate communications, but fespmsaluct
communications Consumers are usually unaware whether a company is certified according
to ISO 14000 and/or SA 8000. Nevertheless, there is an indirect effect that consumers profit
from: some retailers request such standards from their suppln thesecases thy become

aprerequi site for doi ng2009slb6hess o [ Bel z and Pe

2.2.2 Technical ProductRealization

BS 8887 ispart of the Technical ProducRealization(TPR) triumvirate ofstandards which
includes BS 8888 Technical ProductSpecification(TPS) and the forthcoming BS 8889
Technical Product Verification. The relationship between these standards is represented by
the Venn diagram irFigure 2.3: Coverage between the Technical Product Realization

Standards.

None of the standards in thumvirateshould be taken in isolation, as together they support
each other and thereissomeeavl ap i n their content. TPR is
cooperation between engineering disciplines to effect conversion of a concept into correctly

functioning work pieces or product, to time, to budget and with minimal rework/reject
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requirememd [ {&s,i2G08 p. 22].

Manufacture
BS 8887

Specification
BS 8888

Verification
BS BB89

Figure 2.3: Coverage between th Technical Product RealizationStandards [BS 88871,
2006 p. 39]

Since the withdrawal of BS 3@ngineering Drawing Practiceats replacement B8888 has

been the definitive standard for TPS and engineering drawing [Macleod, 2007 p. 26].
Developing a design concept into a ftiaging product requires theoordination of a
sequence of disciplines including specification, manufacture and verification. This should be
achieved through the development of an unambiguous, correctly formBR&8d[Griffiths

2008 p 22]. BS 8888specificationwill fifacilitate aitsourcing, reduceéime to market,
improve material utilisation through better surface definitimgrease the utilisation of
technologically advanced equipment, improve market credibility @sgist challenges to

pr oduct[Simmcag 2006 p1d]. BS 8889 will provide the requirements for verifying

that parts and products fulfil the necessary requirements specified. BS 8887 specifies design

requirements relevant to each stage of the prddeatycle and informs the design process.
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2.2.3 BS 88871 Devebpment

The BSI subcommittee concerned with TPR is designafBdw/4/7. BS 8887 isa
progression from PD 6470 (1979he Management dbesign for Economic Production.
Thisearler publicatiomofdoctusedi enng®eofnpedbée si gns
manufacturing economics The emphasis was on tlefficient manufacture ofpieceparts

[Griffiths, 2008a p. 22] NB: A Published Document (PD) is a publication that is like a

standard but withesser status.

For the newmanufacturingstandardt was decided to take a holistic viewBS 8887was
given an equal emphasis on each stage of the produciydfe. New material oDfA was
included with reference to the work of Boothrogdal., (1994)and mportantly, advice on

how to enhance desigtior EoL processing was added [Griffith2008).

In industry, the term®fM, DfA or Desgn for Manufacture and Assemb({pfMA) are
commonly used. For those concerned with the environmental performance of products and
ensuring that products are suitafile reprocessing, the ternesign for Environment{fE)
andDesign for Recycling or ReprocessirigfRR) are used. The objective of DfR is to select
appropriate materials and configure products so that they will be suitable for reuse,
remanufactug or recavery [Xing et al, 2003 p. 150]. Thegermsare referred to collectively

as DfX. The BS 8887term MADE, or DIMADE, is used with the distinctionhat it

encompasses the whaieoductlife cycle [Griffiths, 20081.

The MADE acronym represents the four stages of ppacemanufacture, assembling them
together and how in some way BoL they will be disassemblednd processedn an
appropriate mannerMADE has however been criticisdry sorme at TDW/4/7 committee

meetngs for not placing enough emphasis on theeuyphase which can have a significant
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impact especially with regard to energgnsumption The standard should arguably place
an equal emphasigpon this phase as it does the otharmsplying MAUDE as a more
appropriate term Although the use phase is not expressly covered by the MADE acyonym
BS 88871 does have some information on thisAimnex CLife Cycle Considerationsnder

C.4 Product Use

The development of BS 8887 could have been limited ptoducing an updated
manufacturing standard. Instead, it was decided to develop the MADE process with its
broader scope and environmentally conscious approach to d&8#®)8887%1 structures the
design process for the conversion of concepts into fumatiproducts that can be efficiently
manufactured and thatVea value aEoL. Theproduct development process detailed in BS
888*1 is an iterative on@s each stage, especially design improvement, may be revisited
many times [Griffiths, 2008p. 23]. Significantly, by including sustainability considerations
early in the design process, the BS 8887 series of standhodild hgb to reduce the
damaging impaaodf products [EIS, 2009 p. 20JPostconsumer products shoutdtain more

of the original vale invested in their development and manufacture.

Using a diagram from Part 1 of the standard, the BS &88Ttycle planning approach is
represented schematically figure 2.4: The Stages in the Life of a Product, Including the
Three Routes of Part Eraf-Life . Following disassembly parts may be reused in their
current form or, if necessaryhey may be neorked to bring thenback to the regjred
condition. Alternatively material recovery may be most appropriagnother option, not
specificallyincluded in the diagrams to use parts for a different use frdaheir original

purpose
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Fcepa .
manufadure [ | Assembly Dis-assembly

Material - ' '
recovery or
disposal

Figure 2.4: The Stages in the Life of a Product, Including the Three Routes of Part ERdf-Life
Processing [BS 8881, 2006 p. 14]

Approximately half ofBS 88871 is concerned with conventional DfMA requirements;
however, it is the DfD and EoL processiogntentthat will be of particular interest to those

developingSPDsolutions

2.2.4 The BS 8887 Series

The numerical structure of the BS 8887 seriatefinedin BS 8887211 (p. 3)as follows

1 Partl to Part99 are general MADE standards
1 Part 100 to Part 19re related tfMA.

1 Part 200 to Part 299 are relatedfD andDesign for Enebf-Life (DfEoL).

BS 88871 (2006)is subtitledGeneral Concegt Processes and Requiremegmslis the first
British Standard to addre&mth design for efficient productioand postconsumer product
reprocessingandis the entry standard to the BS 8887 seriéss therefore general in nature
and applicable to a wide range of manufactured gobdstherparts of the standardontinue

to be developed to meet specific needs

The second standard tine series, BS 8887 (2009)subtitledTerms and Definitionslarifies
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the differences between words such as reuse, repurpose, repair, refurbish, remanufacture,
recycle, etc. For théMA 6stageof MADE, the terms are welccepted and tend to be Ron
contentious This is not the case foreh ¢ paBEs@s these ardeveloping aremand many of

the terms are neyGriffiths, 200& p. 24]. The advantage of agreed upterms and
definitions is reduced ambiguity and misintetpt®n in communication between design

practitioners and othems industry, business and commerce [Hollins, 2007 p. 29].

BS 8887220 (2010) is subtitled The Process of dmanufacturei Specification
Remanufacture is defined:aB r et ur n a ouasleast itsprigimal pexdormarice with

a warranty that is equivalent or better than that of the newly manufactured proddctB S
88872, 2009 p. 4]. This definition was developed from earliPh.D. research into the
business and process of remanufactufiiomah, 2002]. Remanufacturing enables lower
cost, but high quality items to be supplied witducedresource use and environmental
impact[Walsh, 2009 Of the possible€EoL routes, remanufacture may be regdrées the

most advanced option sintiee processrings used products back to-agw condition whilst
retaining their embodied energy and geometrical form. However, remanufacture does

necessitate additional plamgi effort [Doh and Lee, 2009 p59].

BS 8887240 (2011) is subtitleReconditioning This term is gnonymous withrefurbishng

andi s def i neénda usexl prédduceto a satisfactory working condition by rebuilding

or repairing major components that are close to failure, even where there are no reported or
apparentd ul t s i n t hoBSe83838240np0dlpelh t As dhis Standardwas
adapted from the earlieemanufacturing standaBS 8887220,it wasit was relatively quick

to develop.

BS 8887211 subtitled Ranarketing of Computing Hardwares currently a standard in
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development [BSI2011b] and, at the time ofvriting, is available as ®raft for Public
Comment DPC). This standards beingdevelopedn response to a request franOriginal
Equipment ManufactureiQEM) in the electronicendustry. A Pr oposal s f or new
standards come from many sources but thgektproportion is from industr§ [Simmonset

al., 2009, p. 296].

Remarketed products can include items that have been remanufactured, refurbished, repaired,
unopenedeturns or upgraded equipmeas well as used but functioning items which may
enter a second or third usgcle. BS 888211 defines the terms for these various grades of

remarketed computing equipment.

TDWI/4/7 hasplannedthe BS 8887 series to include general remarketing standard
applicable to a broad spectrum of products, not limitedugt computing equipment.
Numericallythis will precede thd&kemarketing of @mputingHardware standard although it

will be developedater. It will be designated B8887210 and subtitled Remarketing of

Products il n many i nst an c eused ovarsnéewoegepment becawsé the re

price is lower while the quality is perceived as the same" [DonatHy, 2004 p.49].

A further new part to the BS 8887 series has been propdsegdrovide designers with a
framework for selecting appropriate strategies Eml processing. For example, heavy
machinery may be webuited to remanufacture [e.Gaterpillar Inc, 2009], whereas the
plastic camgs of postconsumer electronic pradts may be ideal for recyclings
demonstrated by t hsign @QRY.e b soBé amstandesledigR lfor De
biodegradhility could be the best opticashas been suggested fmertain types of packauj

[Davis and Song2006]. This newpartof BS 8887 is likely to take the form of a series of

deci sion trees and flow charts dnéwdleadvidapon a
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routemaps througlthe DMADE procesgGriffiths, 2008p. 24].

2.2.5 ISO 14000i Environmental Management

The worl dés f startedaB®RIVE (19 %uality SystemsSpecification for

Design Manufacture and Installation By 1987 it had been superseded by the ISO 9000

series it inspired. ISO 900Quality ManagementSystems Requirementsspecifies the
stipulations and conditorgai nst whi ch companies can cert.i
first EMS standard, BS 7750 (1993pecification for Bvironmental Management Systems

was published. Subsequently, it wadopted internationally as ISO 140&hvironmental

Management SystemSpecification with @Gidance fo Use[BSI, 2009¢.

Al nfluenced by the UK exper iudng €anada, drelahdp s t 0"
France, he Netherlands and South Afrjdaavedeveloped their own national standards for

EMS which areverysi mi | ar t o BS 7750 dhe m&n raterale for 1 9 9 6
publishing ISO 14001 was to harmoni&#MS standards and provide an internationally

accepted system for pollution prevention asdurance [Delma2002p. 93.

The I1ISO 14000 series provides the framework necessary to devetwgaanizatio® s E MS
From the findings of several studies it can be concluded that the coercive pressure of
customers is a very important motivato theimplementation of EMS an@MS standards
[Casadesust al, 2008 p. 1742].An EMS can be certified against the normative standard
ISO 14001, which specifies the requiremetdsbe met[GonzalezBenito and Gonzalez
Benito, 2005p. 135. Similarly, companie can certify againghe 1ISO 900Jpart of the 1ISO

9000QMS series

Compliance with the requirements of ISO 14001 has been found to have significant

environmental benefitsSome companies also find the state#pful for marketing activities
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[Charter andlischner, 2001 p. 83]. Although, if ISO 14001 is only adopted for its marketing
potential, it may not be the best investment [Sambasand Fei, 2008 pp. 1424125]. This

may be owing to the cost of implementation, maintenance and auditing.

A company's opportunity to trade internationally is likely to be increased by the
implementation of a certifiedQMS. So much sothat in many instances I1ISO 9000
certification has now becomesae qua noror prerequisite for winning business. Industrial
customersare eassured that their suppliersd qual.i-t
need to audit them carefully is reduced [Fik&8I96 p. 27]. Similarlycompanies are aware

that consumers are interested in the interactions between businesses aundhment. As

a result, ISO 14001 certification is now commercially beneficial [Sambasivan an20Béi

p. 1424]. The implementation of a certified ISO 140BMS can result in improvements in
processesproducts and services as well as reduced costs and higher pBeiiferf 2008

pl447.

EMSs develop best practice management through commitment to continual environmental
improvement [Birkeland, 200@. 244]. This is the key concept of ISO 14001 [Braanand

Van Koppen, 2006 p45Q. It is defined asa "process of enhancing the environmental
management system in order to achieve improvements in overall environmental performance
consistent with the organization's environmental polig$$O 14001, 2004 p1] It is
achieved through the Plan Do Check Revawele [Donnellyet al, 2004 p. 44 Brouwer and

Van Koppen, 2006 p. 451

The EUOGs Eco Management caalredisedas dn attern&icehiceldCe ( E|
14000. Another option is fasrganizationgo develop their own EMS. These usually have

greater focus on enhancing performance in areas of specific concern, rather than the more

31



procedural emphasis of ISO 14001 [Esty and Winston, 2009 p. 18@je@ganizationsise

their EMSto concentrate o&BSD for their product§Charter ad Tischner, 2001 p. 114].

The creation of international standards on environmental performance has led companies to
address some of the negative impacts of their activities and the products that they
manufacture [Fiksell996 p. 27]. It has even been proposed that sustainable design should
be integrated along with a total quality approach, so that environmental considerations are
included with quality management. This view has been countered with the objection that
guality issues are unwelcome, whereas environmental considerations are likely to add interest

for those working on an engineering design project [McAloone, 2000 p. 97].

i Fms complying with the ISO 14000 series of standards are required to evaluate the
envirormental performance of their suppliers. In this way complgrganizationgpressure

their suppliers to meet appropriate environmental standards, and these suppliers, in turn,
pressure their suppliers to compbl.yAsa[ Char't
consequence, some smaller enterprises are compelled to implement an EMS that is more
complex than they naturally would [Esty and Winston, 2009 p. 19]. But, there is an
environmental advantage to this, in that the adoption of ISO 14001 by Small andrMediu

sized Enterprises (SMES) is of significant value because of their large number and the variety

of pollutants they produce [Seiffert, 2008 p. 145§MEs are responsible for a significant
environmental burden [Frijngnd Vliet, 1999 p. 981]. It is estimated that SMEsare
responsible foup to70% of pollutionfrom industry[Hillary, 2004p 567. Another criticism

of EMSishexcessive bureaucracy, focusing on pro

ignoring the broader issues of sustainable devebopnt 6 [ Charter and Ti sch
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2.3 Environmental L egislation

The European Union (EU) has developed a series of environmental and pedaiect
framework legislation for its member states. In the UK the EU Waste Framework Directive
has been implenméed in the form of the Environmental Protection Act (EPA) which is
concerned with the regulation of waste management and pollution coRmaduct related
legislation affecting producers has also been developed. For example, the Packaging and
PackagingWaste Directive prevents the use of harmful materials in packaging and limits
heavy metal content, as well as requiring that materials are recoverable, recycled and reused
etc. The intention is to reduce the amount of material going into landfill, ahdrly waste

should be notnazardous [Howarth, 2004 p. 12)Vhen theprocess of developing BS 8887

began legal requirementsuch aghese andthe takeback legislationand particularly the

Waste Electrical and Electronic Equipment (WEEE) directixaee significant influences

causing changds manufacturing design practi@riffiths, 2003 p. 4].

Legislation is one of the primary motivators for environmental issues to be integrated into a

c o mp aphijogoghy [McAloone, 2000 p. 1B0Compliance is esstial to avoidpenalties

and remain attractive within the marketLegislationi s t he O0bl unt i nstru
governments to move business in a required direction. The EU product directives
encompas WEEE Endof-Life Vehicles- Producer Responsiity (ELV); Packaging and

Packaging WasteRestriction of the We of Certain Hazardous Substances in Electandl

Electronic Equipment (RoHSEco-design Requirements fdEnergyusing Products (EuP);

Waste Battegs and Accumulators Regulatior®®eqgistraion, Evaluation, Authorisatioand

restriction of CHemical$REACH); as well adSO standards covering management, design,

Life Cycle Assessment (LCA) and labellifgumphriesSmith, 2010 p. 12].
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The EPR approach puts pressure on firms by making them responsible for their products at
EoL [Bereketliet al, 2009 p. 214].Thus EPR legislation isausing producers to plan their
products with consideration for reducing negative environmental impeesigning for
reprocessing and fuiy the treatment ovolumes ofwasteequivalent to the amount of new
product they place on the markdhe® legislative advances anecessargincea purely
voluntary approach would probably fail to achieve broad implgation of ecodesign

[Tukkeret al, 2001 p. 16Q]

AThe stick has worked well, but t helukst i ck
2008 p. 24]. Environmental regulations in Europe are expected to become steadily more
demanding, thus making fitecessary for firms to anticipate future legislation and plan EoL
product processing strategies earh\NIRD [Gehinet al, 2008 p. 567]. For instance, the EU
Landfill Directive (1999 promotes the diversion of waste towards recycling.pdricular,

Article 5 restricts the amount of biodegradable material going into landfill and prohibits the
dumping of some types of waste [Staikos and Rahimifard, 2007 p. 606]. In another example,
the EUdirective onEnergy Labelling of Household Washing Machingsplemented from

1996 onwards, has led tsignificant efficiency improvements, to the extent that most
currently available modesre A-rated[Devoldereet al, 2009 p. 269].When these products,
classified wunder WEEE as OLarge househol d
working lives they will usually be recycled, but the householder will often have to pay a

collection charge.

Both legislation and consumer pressare influencing producers to develppoducttake
back systemsIn some instances these can also be profitable [&ade 2001 p. 186].SPD

iS now seen as so essential for society, that it is beingosiga by government, and
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legislation isforcing manufacturers to take responsibility for their products at the- post
consumer stage [Griffiths, 2008 fiThe emphasis has shifted from a vague intention that
products can be recycled to the obligation tha recyclea [Holdway and Walker, 2004 p.

7).

The Integrated Product Policy (IPP) [European Commission, 2003] outlineapim®ach
taken by the EU[Howarth 2004 p12] This introduces measures to improve product
environmental performance includingnaterials extraction, manufacture, transport, use and
disposal. The IPP attempts to stimulate each of these spagis)larly those that will have
the greatest positive effect. To achieve this, a variety of tools areinskeding substance

bans; voluntary agreemengs)vironmental labellinganddesign guidelines [EC, 2008].

Whilst these developments are positive, it has been suggested that they may only result in
incremental improvements, rather than step change innovations [Tetk&kr2001 p. 160],

and that legal obligations only set thenlrmum performance level. To only just meet them is

the equivalent of admi titworsegl wdauld aave Itfhasheer coul
argued that by anticipating legislation and exceeding the legal minimum requirements,
businesses have a strategdvantage that puts them ahead of the competition [Thorpe, 2007

p. 71]. Design education and training is of primary importanckleeting legislative
requirements in timely fashion can benefit companies first to market with compliant products.
Legislative measures will require a shift in business philosophy, from merely aiming to sell
omore stuff o, to an approach that embr aces

keeping them in service for as long as is practically possible [HumgBmés, 2010 p12].

It has been assumed tlAEMswill produce more sustainable products if they are required to

handle them at EoL. EU regulations have been developed based upon this premise, with the

35



intention of reducing the buHdp of toxic materiain the envionment. For example, the
WEEE directive actively encourages designers to think about recycling and product

reprocessing at the design stage [Gehial, 2008 p. 567].

BS 88871 references th&uP, WEEE, RoHSand ELV legislation, each of which is

discused in the following subsections.

2.3.1 Eco-design of Energy Using ®ducts (EuP Directive

The EuPDirective is intended to improve the energy efficiency of manufactured goods
[DEFRA, 2007]. Itrefers toaspects of the produdife cycle including embodied energy,
packaging, transport, distribution, use and energyEfur processing [Fuatluke, 2008p.

24]. The aims of theidective include ersuring the free trade &uPsbetween the member

states improving the environmental performanof these googgseducing energy demand
andenhancing the EUG6s economy whil st preservi

[Bereketliet al, 2009 p. 213].

2.3.2 Waste Electrical and Electronic EquipmertWVEEE) Directive

Wasteelectronic products arngaricularly problematicn the environmenas theytypically

contain multiple hazardous substances. These can leach into soil and drinking water from
landfill sites, or pollute the air when incinerated. Toxins from electronics have been
associated with caees as well as reproductive, neurological and developmental disorders.
Children areparicularly vulnerable [Bereketlet al, 2009 p. 215]. Electronics isnow the

fastest growing type of waste, increasing at about 8% per year. To address this, the WEEE
directive forces the recycling oEEE with producers covering the costs [Holdway and

Walker, 2004 p. 7].

UnderWEEEt he term O&6pr oduc er $randeisrandl maduiacurens wfp or t €
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products that use electricity for their main function [Harding, 2008 p. 26]. WEEE also
promotes design that anticipates ecologically benign EoL processing and recovery [IED,
2006 p.28]. It does this by encouraging bd#$D and sophisticated recovery techniques.
Products designed with recycling in mind generally have superior properties for EoL
processing. However, more incentives are needed to reward this approach as, in its current
form, the directive mainly serves to prota waste avoidance [Zuidwijk and Krikke, 2008 p.

1214

Since the regulations came into forcéhousands of companies have registewdth
compliance schemes, and they are making a significant contribution by financing the

recycling of WEEE. To register with a scheme, a fee must be paid and the amount of EEE

Figure 2.5: WEEE 7 Crossed Out Wheelie Bin Logo (Detailed in BS 50419)

placed on the market disclosed, along with whether it is for domestic or cormamese
[Harding, 2008 pp. 2@8]. Noncompliant producers will not be permitted to sell their
products in EU member states [Holdway and Walker, 2004 p. 7]. To show that they comply,
all applicable productsnthe EU market must now carry the wheelie lmgo [IED, 2006 p.

27], as defined in BS0419Marking of Electrical and Electronic Equipmerand shown in

Figure2.5: WEEEI Crossed Out Wheelie Bin Logo

The purpose of th&oHS legislation isto reduce the use of toxic materials in products
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[Holdway and Walker, 2004 p. 7].The legislation restrictthe wse of six hazardous
substances Lead; Mercury; Cadmium; Hexavalent ChromiuRglybrominated Biphenyls
andPolybrominated diphenyl ethers. As well as preventing pollution from electronic product
waste, RoHS protects workers from the occupational hazasitsciated with these toxic

chemicals in both manufacture and recycling [IED, 2006 p. 27].

Product types impacted by ROHS include household appliances, computers, consumer
electronics, lighting, power tool, toys and dispensegs \&nding and Automated Tet
Machines (ATM). Exempt products include large stationary industrial tools, control and
monitoring equipment, national security use and military equipment, medical devices, some
light bulbs and batteries as well as replacenpamt for equipment thatvas on the market

before July 2006 [IED, 20060p28-29.

2.3.3 End-of-Life Vehicle (ELV) Directive

The ELV drective aims to increaseecovery ofvehiclesat EoL and improve automotive
environmental performance by promoting colieet reuse and recycling. Thadrective

requires manufacturers and their suppliers to reduce the use of hazardous substances, as well
as todesign for disassemblyeuse, recovery and recycling. It also requires increased use of
recycled materials and that components do not contarcury, hexavalent chromium,

cadmiumor lead Europa 2014.

2.4 Literature Review Summary

Standardsorganizationsare supporting industry in becoming more sustainable through
establishing improved processes and procedures in design and management. BS 8887
specifies techniques and requirements to achieve better product desigroduadtlife cycle

planning solutions. ISO 14001 promotes continuous improvement in epwmental
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management practices.

Changesin the law and customer preference are forcing companies to act in more
environmentally benign ways and to addressasnability in product design.The EU and

the British Government have introduced EPR legislation designed to protect ecosystems,
human heah and longterm economic prosperity. BS 8887 has beenndd, at least ipart

to supportdesign and manufacturing companiascomplying with EPR legislation. Until

now, the influence ofhis standarchas not been researched.

2.5 Research Questions

This studyseekdo answetrthe followingresearch questions:

1 What types obrganizatios arebuyingBS 888717

1 Are thereexamples of BS 8887 being used commercially?

1 Can BS 88841 contribute tgrofit?

1 What aretheimplications of BS 8881 regarding produatisposal?

1 How and why has BS 888l been integrated into the design process?

Before attempting to answer theseis necessary tohoseappropriate research methods. In
the next chaptemethods which coulthe usedfor this researchare evaluatedand tle most

appropriateselected

2.6 Originality

Novel aspects of this research include:

1 The first investigation into the distribution of BS 8887

1 The first investigation into the use of BS 88B7
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The first investigation into a national standard where the studycbabineda
guantitative SIC analysis of all known customers and an extensive qualitative field

investigation with the same user group

The development of new design process and producageament models
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CHAPTER 3 Methods Review

Prior to the commencement of the research phase of tbjsc) a review of established
methods was undertaken. The purpose of the review was to find and select the most suitable
research methodbat would yietl the richet, most valuabland representativeformation
possiblegiven the subject of the investigatiomhis chapter exploeethe various resarch
methods considered for use support ofthe study Concepts described erbased on
published sources, antle mat relevant and practical methods fowvestigatingthe use of

BS 888%1 are identified.

3.1 Qualitative and Quantitative Research

Conventional scientific investigation uses quantitative methods to measure objective
properties. Qualitative research is usuatipre exploratory and reflexiyeelying upon
subjective properties and drawing the traditions of the social sciencdtis often argued

that qualitatve research opposebe positivism of quantitative research. Quantitative
research is concerned Wwitounting. Statistical analysis tells us how mawlyat percentage

and how valid the san®is in representing the wholdVhereagjualitative research allows
flexibility and the option to adjust the research methods reactively rather than just fgllowin
rigid stepby-step predetermined sequence [Hollid2a§02 p. 2-8]. These two approaches

are described by Brett Davies (2007226) as follows:

AQuantitative research requires imagination, patience and discipline at the planning
and design stages; daftcollection may present technical problems and requires
tenacity but is often straightforward; the tasks of data analysis and-upritee

|l argely, although not entirely, determine

A Qu al i resedrdh weguires caréfthought at the outset; it demands mental
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agility, flexibility and alertness during data collection; it calls for advanced skills in

data management and tekiven creativity during the analysis and wsitep . 0

For comparison, the Pocket Oxford Dictiongrgvides the following concise definitions:
fQuantitative: Concer ned wi t h, measured or measur
fQualitatve: Concerned with or depending on qual

Researls design should be governed by fitness for purp@&sethe purpose of the research
should determine the methddgy and research desigrror this investigation th&®esearch
Questiondlisted in Secton 2.5 detemined the selection of methadd his study usegoth
guantitative and qualitative techniques. The initial study into which industtgrsmight be
using BS 8887l required a quantitative methdd enable an accurate assessment of the
numbes of differenttypes of organizatios in the dataset. Whereathe study into how BS
8887 has been used in industrguiged a qualitative approath explore the motivations and

methods of users of the standard.

At the time wherthis investigation began, it was unkmo whether or not BS 888Y had
been used. Ashe standarcovers a broad remit of industrial design and manufacturing
issues, therera potentially many reasons why arganizationmight be interested in it. The
exploratory qualitative research enabled a rich pictoremerge of the variedtasons why

organizatiors usethe standard

3.2 Research Purpose

Prior to engaging in a research je it is necessary to determine the ahjees of the work.
Six purposes for researcdyggested bipenscombg2002pp. 26-28), are summarized below

in Sectios 3.2.1- 3.2.6and each igliscussed in relation to this thesis.
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3.2.1 Forecasting an @tcome

Saentific enquiry often usethe positivistic approaclof forecasting an outcomePredictions

are made on the basis of existing knowledge and theovits the purpose of arriving at
useful conclusions. This was the underlying premise behind the stwdbenped in
CHAPTER 4 Distribution of BS 8887 It was hypothesized thaproductrelated

environmental legislation would stimulate orders for BS 8887om the industry sectors

most diretly affected. This idea was subsequemgistedthrough a numerical investigation.

3.2.2 Explaining Causes or Consequences

This is concerned with developing an understanding of why things happen as thé@helo
research presented here explains the cause=asonghat have ledrganizatios to acquire

BS 887-1. Syme of the consequences of developing product designs and businesses models

that include concepts forwarded by the standarkalsoinvestigated

3.2.3 Criticism or Evaluation

Most research projectsave an element of criticism or evaluatiofor sone it will be the
focus orraison d 0 ‘Thervaue of one thing or explanation will often be compared with
another. CHAPTER 7discusses ahevaluates the content of BS 888and contrasts with

the views and opinions of those that have ubedstandarar considered it for useSome
negative comments regarding BS 888@nd product reprocessirage dealt with inSection

7.4 Criticisms ofBS 8887and Closedloop Production Thepurpose of seeking criticism of
the standardvasto determine where themay beopportunities for future development and

improvement.

3.24 Exploration and Description

Themainpurpose of a research investigat@an be to discover new information by repagt
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on situations and events as they, aaéher than how they wilbe or should be.Situations are

evaluated without deliberately changing them

The majority of this research is concerned with exploration and descriptigoth the
guantitative and qualitative aspeofsthis thesiglescribe what has happened with BS 8887
since its publication.The influences thded peopleto the standardhave been investigated.
Asking design practitioners icompanies abouhesehas helped to explain whyptakein
certain sectors has beeanlatively strong. A relationship therefore existsbetween the
gualitative and quantitative elements, with thelitativefield research helping to explain the

findings of the earlier quantita® desk based research

3.25 DevelopingBestPractice

The development of best pradis a form of applied research thajp@ricularly appropriate

to finding good solutions to procedural problems. It is especially relevant to businesses and
other types obrganizatiors. Action research cabe part ofthis approaclwhen there is a
requiremento improve a working environmenbr the processes usedthin it. The need

will then drive the research agenda.

Action research would not fulfil the purpose of timsestigation as the objective was to
describe the situation as it is, rather than to chaingésood practicein engineering and

design is one of thmajorthemes of this thesis.

3.2.6 Empowerment
Social research investigatoconventionallyrefer to people @ subjects The empowerment
approach is more collaborative with the intention of helping those involved and not just the

researcher. Therefore the researcher no longer nrantautrality and objectivity.

44



It is likely that as a result of being inw@d with this research project subjects paricipants
as they are referred to hewal have read and considerdde standarah greater depth than
they otherwisevould have done.Some participants statéldat they wouldncrease their use
of it as a reslt Whilst this was not the purpose obntactingthem it is an additionahnd

positive outcome

3.2.7 Research Purpos8ummay
The main purpose of the initiaBIC Studywas to investigate th#heorythat uptake of BS

88871 will be highest inndustry sectors targeted BEPRlegislation

For the qualitative research, the purpeose to explore and describe how and why BS 8B87
has been used in industry and academia, to explain what causes havgatedatiors to

acquirethe standardas wellasto criticise and evaluaiebased on comment from users

The dissemination of informaticinom these studiethroudh conference and journal papers
hasstimulatel interest in BS8887. Thisis known from feedback receiveparticularly in
relation to @pers from this researchpublished in The Journal of the Institution of

Engineering Desigers.

3.3 Research Methods

A researchmethodis atechnique fodata collection omformationgatheringe.g.interviews

and questionnaires, whereagthodologyhas a more philosophical meaning [Blaxéeral,

1996 p. 59Joriginally from theGreek termmethodosneaningthe road towards knowledge

AMet hodol ogy S concerned wi t h partchlae with o gi c
investigating the potentialitiesnd limitations ofpari cul ar techni que,ss or p

2004 p. 30-32].
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3.3.1 Macro-Methods
The numerous researcmethods can be divided nto broad categories ofurveys,

experiments, andase tudies[Yin, 1989 p. 13.

3.3.11 Surveys

Surveying s a fAmet hod of col |l ect i nfgrmulated questio@ast i o n

in a predetermined sequence in a structured questionnaire to a sample of indidrduais

Sso as to be representat i,t90p8f Suaveycesehrchrees p o p u
not necessarily have to be based on questionnairesleptih interviews, observation and

content analysis can also be used. Surveys seek existing variation rather than creating it with

interventions [de Vaus, 2002 p. 172].

Surveys can be ugntitative or qualitative. Quantitative surveys are concerned with
numerical data and the relationship between variables, aderelitative surveys ask open
ended questions requigrexplanations from the respomd¢Punch 2003 p. 1-2]. The use

of a qualitative semistructured interviewsurveytechniquewas a more appropriate choice
thana quantitative survey as the purpose was to explore in detail how an@®I88871

had been used. The objectives were concerned with both description and explanation.
Descriptive research aims to determine whahappeningwhereas explanatory surveys
attempt to account for the phenomena they descr®e Jaus, 2002 p. 173 This
investigation features elements of hoththat evidence from the research describes a number

of ways in whichthe standartias been used whilst also exploring the underlying reasons

The paricipants inerviewed for this survey sharea common the fact thahey were all
known to have accessed BS 8887 The sample size was the maximum possible whilst

limiting the research to UKorganizatios that had not objected to being contacted in
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connection with thisvork. Given thatthe standardhas only been publ®d since 2006, and
that only a éw hundred copies of havebeen distributed, a random sampling method was
not consideredappropriate Instead, the sample comprisadrepresentative fronevery
suitableorganizationwhere an appropriate person waslin g to paricipate. This method
raised the probability of finding interestingamples ofthe standa@ s u sgeneratehad

wealth of qualitativenformation

3.3.1.2 Experiments

Experiments generally require a control against which to compare a test sample. The
underlying concept is that observable differences betweendntrol and the test subjeetn

be attributedto the difference in treatmentiil ndependent variabl es
systematically altered by the experimenter. Those items that areedffgcthe experimental

treatment are the depende,d®91pvd.r i abl esdo [ Somn

Experiments in the application of BS 88874&nd its influence odesign have not featured in
this research as the purpose was to exathimestandar@ s a cetiruirdlistryurather than

to artificially create an expnental situation. This was a real wontyestigation.

3.3.1.3 Case Studies

The strength of the case studytsstight focus on a specific instance or situation enabling the
identificateopr ofeWypelOHB&EI M gener alre case
the preferred st r adquestops awe vesng posell, avined theoimvestigatdr y 6
has little control over events, and when the focus is on a contemporary phenomitdinon

someeaH i f e con2068p.il.o [ Yin

One of the characteristics of case study research is the use of multiple soumt@snaition

concerned with a single person, group, phenomenon or event. These sources of evidence can
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include, but are not limited talocuments, archival records, interviews, direct observation,
paricipant observation and physical artefacts [Y2003 p.83]. The use of multiple sources
of information, concerned with the subject of the research, enables the resdarche

triangulatetheir findings.

The termtriangulate originally used to describe a method of figin onedés positi o
map, has beeradopted into the vocabulary of social science researcidudtiple different

types ofinformationrelating to the samsituationcan ke combined to create a more accurate

picture. This is normally thought to increase the validif the research by combining

multiple perceptions of the same phenomej8iake 1994 p. 241].

Building a more completéescription of a particular phenomeirathis waycan be very
helpful in interpreting information rather than just merely stating what happened or what was
said [Holliday 2002 p. 79]. Triangulation in the social science meaning of the term, has
been achieved in this work through the usendérmationfrom multiple participants and

literature discussed in relation to the requirements of standards and legislation.

During the field researgitase studies in the application of BS 888Were developed
While these were largely investigated throumgiterviews, there were instances where

additional documentary evidence wesdpful, seeSection3.3.2.5 Documents

3.3.2 Micro-Methods
There are numerous methods and variations on methods tailored to the needs of specific types
of research. Rather thaamtempting an exhaustive review, this section is limited to a

discussion of the micrmethods used, or considered for use, in support of this research.

NB: Experiments can be considered as both maethods and micrmethods. They are
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discussedn Secion 3.3.1.2 Experiments Experimentalmethodswould not have been
appropriateor investigatingthe realty of the situation with regard to the usé¢ a standard in

industry. Therefore no further discussmfithem ismade.

3.3.2.1 Literature Review

A research contributiois normallyset in the comt X t of othersé work in
[Grix, 2004 p.39. Conducting a literatureeview requires the investigation and the
consideration opreviouswork in the same, or closely related, areas. The npadrof this

activity takes place early inehresearch procesdt is also necessary to updaite reviewas

the research progresses¢B Davies 2007 pp. 389].

The literature review for thishesiswas initally written as a set of notabat were later
developed into @oherent piece of writig andpublishedas ajournal paper The transition
betweerbeinga set of notes and an organised review was assisted by use of use of the NVivo
software. Thissoftwarewas primarily used for managing the interviémanscripts;see
Section3.5 Qualitative Researchand AnalysisMethod The version presented here in
CHAPTER 2 Literature Reviews based on the published papet bas now been further

updated

The purpose of therevielvi s t o | ocate the present study i
and to show how it contributes to that literature. It normally catef a separate chapter ...

and also provides themes for the consideration and integprei on of the surve
[Punch 2003 pp.75i 76]. It identifies an opportunity to fill a gap in knowledge thereby
justifying the contribution made by the research undertaken ,[B004 p.39]. The literature

review material presentechere places this study in the context of current environmental

challenges, the assiated legislative situation and ote@work in the field. It alsotells the
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storyof the development of BS 88&nd highlights the lack of previous research into its use

in practice

The process of writing a literature review can be helpful in focusaismdy. Howeverin
gualitative research it may i nt rdoctopermesbi as i
to emergent ideafPatton 1990 p.163]. An additional danger is that the researcher will
influence paricipants in light of knowledge anideasgained frompublishedworks Care

was therefore taken to avoid leading participants during interview.

3.3.2.2 Grounded Theory

With this type of research, a theory is developed from evidence. Thus the theory is grounded
in the data. The purpose is to dieyetheories rather than to test them. This is different from
positivistic research where a hypothesis is proposed and evidence subsequently gathered
which either supports or counters the hypothesis. Grounded research requires the researcher

to approacta situation without preconceived ideas [Grix, 2004 p. 111].

Whilst the qualitative elements of this research are exploratory, the themes were decided in
advance. Grounded theory would be more appropriate in an ethnographicSsittayn
3.3.2.4 Ethnography As this research wgabased on senstructured interviews, the

guestions were largely predetermined.

3.3.2.3 Observation

The techniques for observation research are ejpheicipatory or norparicipatory. In
paricipatory observation the researcher interacts with the subjectseashén non
paricipatory researcthe takes a passive role. These techniques are commonly used in
gualitative, ethnographic and anthropological studies. Gaining accéssriglevant suitable

subjectscan be challengingln nonparticipatory observatio researchthe researcher must
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be careful not to influence the actions of those tmatbserve. Notes taken by the
researcher whilst aerving a scene or reviewing \adeo recording of itprovide the

informationfor later analysi$Grix, 2004 p. 129-130.

Observation techniques were considered unsuifabliis workas theymay not necessarily
explain the motive or purpose efdesi gner d6s actions or hi s
Practical difficulties in having access to working designers fdersled periods were

anticipated. Thereforebservatiortechniques were considered inappropriate

3.3.24 Ethnography

AEt hnogr aphi c r pasi@pant abservatian inavhidh the emphadis is on the
recording of details about the objeétstudy in itscultural setting Brett Davis, 2007 p. 8.
It is one of the core methods in social anthropology [Brett D@@87 p. 168] Ethnography

i s sometimes referred to as 6égoing natived.

The ethnographic approach commonly requires the researcher to spemtkéxteriods of

time with the community he is researching. During these periods he will endeavour to
integrate himself into the community as an active member. This method may reasonably be
criticised as the researcher is likely to influence the behawabthiose he is studying. He

may also develop a personal involvement ttaild cloud his judgement so that it becomes

difficult to maintain a dispassionate and objective stance on a situation.

An ethnographer can combine additional techniques includatgralistic andparicipant
observation, document analysis and interviewing to acquire insight into the context of the

situation being researchefjaughnessgt al, 2000 p. 100]

If an ethnographic method of investigation had been usedntbenation collected may
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have been deeper babuld be limited tdewer organizatiors. The research questismight
haveneectdto be adjusted frortheir focus on a single British Standardlost of the direct
research for the case studies heses conducted withisingle visits lasting anaximum of a

couple of hours Given the purpose of the investigation, ethnography was unsuitable.

3.3.25 Documents

Case studies can be based on the results of practical research oumemtacy evidence.
Documentscan include lettersnemoranda, communiqués, agendas, announcements, reports,
proposals, studies and articles appearing in newspapers and magazines. The use of these has
several advantages as they can be reviewed repeatedly, are not necessarily created for the
case study andgo are notnfluenced by itand can cover long periods [YiB003 pp. 8586).

However, gaining access to the required information, especially if it is pdriularly

sensitive nature, can be a challenge with document based research.

Some of thee-mail communicationswith paricipants or potentialparicipants were useful
because they provideatdditionalinsight into why BS 8887 has been used or why it has
beenrejectedfor use It wasalsoa frequent occurrence te given a variety of documents,
mainly sales literature, byaricipants at tk companiesvisited. Theselocumentgprovided
additional context and background to the case studiéslectronic documentation relating

to the study was imported into NVivo and processed in the same g tnanscripts.

For Section 8.2.2 MADE with Advanced Product Quality Planningdditional
documentation was requested after the initial interview. Permission was granted to publish a
portion of this in aranonymoudorm, seeFigure8.1: Phase3 Part of a Compan)
Freeze APQP IBwchart Unfortunately, this was not possible faection8.2.4 MADE with

House of Quality
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3.3.2.6 Workshops and Focus Groups

With these techniques the researcher becomes a facilitator rather tima@raewer [Punch

2000p. 177. An interviewer would ask questions directiyiereasa f a c i jbbiistt@at or 6 s
guide a discussion or amctivity of a selected group of people to focus on a specific topic

[Grix, 2004 p. 128]. Group interviews can have the benefit that participants develop the
discussionamong themselves thus exploring the topic more deeply and in unexpected
directions AAl though group interviews may somet.
that you wil obtain less information and achieve less rapport when more than one person is
included in the same intervi eManaggdhvellcdtoopa n anc
discussions and focus groups can be very-gffieient for the researcher as contrilouts

from multiple individuals can be gathered in a relatively short time period. Another
advantageof workshops or focus groups that theparicipants will have been selected for

their knowledge obr experience itheresearch topic and can fornpané of experts on the

subject [Blumer1969citedin Patton 1990 p. 75-76).

Focus groups wereaot appropriate for this research because of the geographic dsstance
between the relevaatganizatiors, seeFigure 4.4: Geographical Dstributionin the British

Isles To make up a suitable groupegple that workn theseorganizatios and use BS 8887

1 would be required This geographic problem couddiguably be overcome by the creati

of an online forum. However fage-face interviewingwas considered most likely to

achieve the required depth and focus.

There were several instanadisring meetings with industry practitioners, where two or even
three people became involvexhd contributed to thdiscussion. This was invariably at the

request of the principgdaricipant who would call upon colleaguesio he thought would be
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able to add further useful comments.

Workshops may be a suitable way of assessing the effectiveness of an intervention intended
to improve the design process in some wahis method may beelevantto testingideas

outlined inSectiom.5: Further Research

3.3.2.7 Quantitative Questionnaires

Questionnaires can be conducted fazéace, over the telephone, through the post-orad

or with purposemade software accessible onlin®genefits of quantitative questionnaires

include reliability and repeatability. Responses to questions put to a community should be
similar irrespectie of who is asking themAnother advantage dhis type of surveys that

the method is suitable for asking the opinions of many people relatively quiEklydata

coll ection, closed questions thad a@rnérat ah
category A B or C ...0 type of Reseltspanhese ar
processed statisticgland represented graphically. However a disadvantage to this method is

t hat Airespondents must fit tdheanmrcherples i eatce

[Hughes 2002 p. 211].

3.3.2.8 Qualitative Questionnaires

A quesionnaire can askperrendedquestiongequiringdescriptiveanswers Responses can

be spoken and noted by the researcher, recorded for later transcription or written by the
participant. Ho w e v e use ofi questionnaires is often best limited to eliciting detailed
information that does not require explanation. Information that needs further explanation is
better gathered during an interview, where there is the immmediptgp or t uni ty t o ¢

[Hickman and Longmari994 p. 150].

For this research a questionnaire could have been used but hewalhcked the benefit of
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flexibility to explore pari ci pant 0s responses mor e deepl
guestionnaires wernot used.Also, it is unlikely that many working design professionals

would be wiling to find time tocompleteanswes to a series of qualitative questions in a

detailed textbased manner. It is much easier and fastethiem if they canexplain ther

experiences and ideas verbally

3.3.2.9 Structured Interviews

Using this method a set of questions is writieand ordered in advanad the interview
process. This approach has the advantdhgat the questions are delivered consistently and

the wording can bearefully consideredeforehand. Everparicipant will be asked the

same set of questions in the same order, thus their responses can be directly compared.
Nothing will be forgotten, so important topics will not be missBdt there is little flexibilty

to adapt to individual circumstanc@idughes, 2002 p. 211] As with the semstructured
interview method usedaricipant responses can be captured with recording equipment or

note taking for later processing and analysis.

3.3.2.10 Semitstructured Interviews

This was the setted method of investigation. Themes for discussions were prepared in
advance ensuringthat the interviews werereasonablyconsistentand covered the relevant
topicswhile allowing flexibility to exploreéssuesmore deeply.Additionally, questions could

be rephragd or clarified as required ands interesting ideas were express®d the
paricipant further detail andelaboration could be soughtParicipants werealso able to

influence the agenda amnaise issues during discussion.
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3.4 Data Analysis

3.4.1 Quantitative Data Analysi¢Standard Industrial Classification Study)

The SIC system is used to classify businesses and aiganizatiors according to their
activities [ONS 2008]. This makes it possible to analyse and display industry aorsect
specific data in a standardised format. For instance, economists can use SIC to investigate
the contribution made to the wealth of a nation by each of its industBis.analysis has

been usedh thisthesisto investigate the types ofganizationghat have bought BS 888/

SIC has made it possible to see where uptake of the standard has been high or low.

For the interpretation of the numerical data arising from thes&id@y, a graphical approach
was adopted. A combination of graplpge-chars, multilevel pie-chars, histogram and
other graphicswas used. Together these illustrate some of the quantifigioteip
characteristics othe organizationsinterested in BS 8881 during the first few years

following its publication.

3.4.2 Qualitative Information Analysis(Pilot and Main Study)

During the extensive industry survey of companies and atfganizationghat bought BS

88871, a substantial body aiformationwas createde. typedtranscripts of meetings, notes

on meetings and otheorrespodence Managing and analysing this was assisted by the use

of Qualitative Solutions and Research (QSR) NVivtiveare. This computer programas

chosen because Brunel University supported it, provided training in its use and sold licences

at a discounted at e . I n addition to having the Uni
recommended in a review including other alternatives [McAlpa@@0 p. 4% In this earlier

review it was referred to under its former name Mamerical Unstructured Data Inciag

Searching and TheorisinlUD.IST). The NVivo software is designed to assist in managing
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and queryingnformation and authoring reports using importashtent.

3.5 Qualitative Researchand Analysis Method

Having chosen a qualitativemistructuredinterview based research method to investigate
the use of BS 8887, organizationsising it were contacted and invitedgaricipate. With
their customer s 0 theamastdetails, TheBoSclpations afespoddends
included design; qubty managementengineering; productiorgrating; managemenand

teaching. The commonlink was that they allhad design relatedobs and had ordered,

electronically downloaded atherwisehad access to BS 8887

Initially the BSI committee mnagemresponsible for the BS 8887 seresailed customers
thathadthe standardo requespermission to allow a thirdarty to contact them for research
purposes.In total permission was gen to contact 8®rganizations A decision to limit the
researchd the UK excluded three of these as thegne overseas companiesstandard letter
was then sent to relevant people at eaohganization see Appendix 1: Invitation to

Participate

The pilot study interviews took place from March to August 2009. The main study ran from
November 2009 to June 2010Where possiblethe interviewscomprisedface-to-face
meetings Generdly theseyieldedmorein-depthinformationthantelephone discussionsn
many instances, the ordésr BS 88871 had originatedrom the person interviewedA
series of opemnded questions was writtfor use as prompts. For the maindy, the

numberof questions was reduced following experiegaeed duringilot study.

Before each meeting commencee@rmission wagequestedo allow theuse of a digital

voice recorder Where recording was prohibitedxtensive hangvritten notes were taken
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instead.

Edited transcriptsneetingswere subsequentliyped and forwarded to those concerned, to
make sure that they were accurate. In several instances, commercially sensi@ewas
removed at this stagelheinformationcollection and analysisiethodis illustrated inFigure
3.1: Qualitative Research Proces&xampleeditedtranscrips aregiven inAppendix 4 and

5.

Use of theNVivo qualitative déa analysis software simplifiegearchingnultiple documents
for information relating to each topidt was alsohelpful in clustering relatechformation

from each of theparicipants

Semistructured
Interviews

Prepare Questiong Transcribe Data Analysis

Figure 3.1: Qualitative Research Process
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The information generated from the researelas coded atappropriately namedodes A
sentence or paragrapmat wasrelevant to more than one subject woudddoded at multiple
nodes. This conceps illustrated inFigure 3.2: Coding Qualitativelnformationat Nodes
Information once arranged thematically can be used to supporartement of astudy

[Holliday, 2002 p. 98]

Interview 1

Interview 3

Figure 3.2: Coding Qualitative Information at Nodes
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Having completed the coding task, by opening a node it was possible to view everything that
had been said about each subject. This broke the continuity of the transcripts but produced a
thematic arrangement ahformation that enabled the efficient comparison of related
statements from multiple sourcesA danger of arrangingext from verbatim transcripts
thematically is thastatementgan be taken out of context, preceding or subsequent sentences
that might present a fuller picture could be edibut in order to supporor counteran
argument. In this thesis, care has been taken to not to change the meaning or emphasis of

statementshrough the editing process.

(5 Main stud.rp - Nvivo T AW B W R —— )

¢ Fle Edit View Go Project Links Code Tools Window Help

A-Bru / EElAg==—-allh-200 0EH AR NFA W
New ~|HH 'ld-a', nf-p
Nodes ‘kafur - Search In * | Fres Nodes Find Now Clear Options ~ X |
o Free Nodes
{0 Tree Nodes
i Cases Name Sources References Created On Created By Modified On Modified By -
{d Relationships & Automative 10 2 26/07/2010 12:26 AveP 07/092010 12:12 AVCP
B Matrices O Aviation 5 g 2610712010 12:28 AVCP 13(05(2011 03:35 e
(=[5 Search Folders & Brunel 7 13 261072010 11:45 aveP 1510602011 13:47 AVC
(2 All Nodes 3 BSB387 56 208 23072010 13:46 avep 07/092010 1229 AVCP
& BSBEBE 16 2% 26/072010 14:24 avep 07/09(2010 12:19 AVCP =
3 Bsi 25 75 2610712010 11:21 avep 07/0912010 12:28 AVCP
& Commercial Benefit 3 167 23072010 13:41 Avep 07/092010 12:30 AVCP
& Correspondence 2 2 2610712010 10:43 AVCP 08I09(2010 1417 AVCP
O Crificisms 20 60 240712010 11:40 aveP 16/06(2011 1257 AVC
3 Customer Driven 24 8 240712010 11:58 avep 0710912010 1227 AVCP —
& Design Council 3 3 260712010 11:51 avep 290712010 10:03 AVCP
& Design for Manufacture 2 75 241072010 12:43 avep 08/01/2011 11:51 AVC
(3 Design Process 7 165 23072010 13:52 Avep 07/092010 1228 AVCP
""""" & Durability 18 a7 2410712010 12:34 AVCP 13(05(2011 03:35 e
@ Sources ' Education 13 2 26/072010 11:26 aveP 07/09(2010 12:28 AVCP
3 EMsams k7] 80 24/0712010 11:41 avep 07/092010 1229 AVCP
O IES 3 End-of-Life p] 46 2410712010 12:39 avep 13/05(2011 09:35 AT
O sets & Environmental Champions 13 25 241072010 12:05 avep 07/0912010 1229 AVCP
& Environmental Impacts of Product 9 12 Avep 0310812010 13:21 AVCP
Q Queries & Examples 2 107 AVCP 1800802011 11.43 e
' Industry Standards 20 66 aveP 07/09(2010 12:28 AVCP
9 Models 3 150 11 19 26/072010 14:20 avep 0B/09/2010 11:32 AVCP
& Jab Position 35 €0 23072010 13:35 avep 07/09(2010 12:29 AVCP
? Links O Kite Mark Scheme 8 8 24/07/2010 12:00 avep 03/0812010 13:23 AVCP
P & Legislation n 104 23072010 13:39 Avep 0610112011 11:40 AVC
(&) assifications O Literature 11 16 260712010 11:44 AVCP 15(06(2011 13.48 e
(rees O Logistics 2 76 za:o?zmms-s? aveP D?ospjzmmzza AVCP
O Materials 2 68 23072010 14:00 avep 07/092010 1229 AVCP
2|3 Methods &0 109 2410712010 13:01 avep 02/03(2011 1258 AT i
& 8VC 28 Hems

Figure 3.3: NVivo Screenshot of Project Nodes
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Figure 3.3: NVivo Screenshaif Project Nodedlustrates the bredth of the topics covered.
Once a quotation or iddeom theinterviewshad appeared ipublishedwork, it was coded at
the node 0-tdded dt @ll other dodethns preventing it from beingncluded in

future papers To ensureigour, some of the statements made and opinions expréssed

beencrossreferenced with published sources

3.5.1 Limitations

Despite the benefits of the sestructured interview method and its appropriateness for the
research topic, there were some disadvantafjese.most laboumtensivepartof the process
was transribing hours of audiaecording. Most of this transcribed text has not bessd;

therefore the technique is arguabsigfficient.

Academic criticisms of the method include the potential for the interviewer to lead or
influence the participant to answer in arficular wayresulting in biased response€are

was taken to avoid thisThereis also the difficulty of comparing comments made during
different interviews where the context of the discussion nwyhave been the sam®ther
disadvantages of serstructured interviews includexcessivaeliance on the quality of the

pari ci p ant s 0knowledgep anth expesience This was minimised through good
research design, particularly the selection of appropriate personnel for interview and the use

of authoritative published sourcesdoeckfacts

3.6 ResearchEthics

Prior to the commencement of the investigation, it wascassary regulatory gairemento
obtain approval fromBr un e | Universityos School of En
Committee In January 2009 it was confirmed that the project could proceed without any

revisions to the proposed research method
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3.6.1 The Principleof Informed Consent

Individualsbeing interviewedor the industrial survewere given &articipant Information
Sheetandwereasked to sigman Informed Consent FormExamples otthese documentare
given inAppendix 2and Appendix 3respetively. The paricipant's right to withdraw from
the study at any timeasmadeclear Institutional affiliations were indicated by the use of

theBrunel University and BSlogos on the paperwork

3.6.2 Participant Anonymity

It was anticipated that iparicipantsknew they could talk candidly about their views and
experiencesvith neitherthemselvesor theirorganizationsbeingnamed, this would be an
advantage for the research, as well as being an ethical obligden participants were
asked abouthis, without exception they preferred to remain anonymdiusasalsostressed
by BSI, and a condition of having sight of their BS 88Bdistribution datathat the names of
their customers must not be identified in research publicatidwaslitionally, the paricipants

were not necessarily  authorised spokespersons  for  their  employers.
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CHAPTER 4 Distribution of BS 88871

4.1 Rationale

To evaluate thgustification for the continuing development of the BS 8887 series it is
important to examine market acceptance of Part 1. This is necessary to develop an
understanding of the demand fbe standargtypes oforganizationghat may be using it and

factars that may have influenced them.

4.2 Hypotheses

Prior tocommencement of this researtlypotheses were proposed for investigation. These

have been summarised betow

1 The recent introduction of produrtlated environmental legislationay have
stimulated sas of BS 888-1.

1 As BSI i sNatibnfaleStarda¢ds 8odWGB), the distribution of BS
88871 maybe strongest in its home country.

1 Age and sizenaynot be a major factor in determining the types of companies
that access BS 888 as they will all be ifluenced by current legislation and market
demand.

1 Design and manufacturing companies that have an accredited ISOTaMS

be more likely to use BS 888Y as they have shown commitment to both standards

complianceand the environment.
This investigation irg these hypotheses is part of the novelty and contribution of this thesis.

Recent legislation planned tceducethe impactof electronic products includdsuP, WEEE
and RoHS all of which are referenced in BS 8887 EPR legislation is now forcing

producers to take legal and financial responsibility for reprocessing the products they make
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[Abu Bakar and Rahimifard, 2007 }1369.

Corporate environmental concern usually starith regulatory complianc¢Gehin et al.,

2008p. 569]. The WEEE directive promotes reuse and recyclimgasfeconsumer products

with high targets of 785% [Howarth 2004 p.12]. BS 88871 specifies the design
requirements necessary to facilitateicéint reprocessing of pesbnsumer goods. It is
possible that the WEEE directive may have prompted some electronics producers to purchase
or accesshe standard If this is the casdhen its influence may be apparémthe sales and

online download dta.

4.3 Method

BSI has supported this study by providing data on BS -88&Rich contained sales figures
for the standardrom its publication &the end of October 200til July 2008. It showed
that 117 copies had been distributed. Of thesé,hbtl beersold and three provided free of

charge BSI also used 14 copies internally; these have been removed from further analyses.

Upon receiving the data, the first study made was the distribution of sales over time. The
orders were grouped according to thenthg in which they were sold. The number of sales
occurring in each month was calculated and the results were plotted as a graph, as shown in

Figure4.1: Sales @Gaph.

The second datset fromBSI showedsales until March 2009. This listed a further four new
entries; however, they were undated and so are not represeriggiia 4.1. A third list

with contact details foorganizationghat had agreed to participate in the next phase of this
resarch showed two more orders fpurchase of the standard. New entries fri@se

subsequent lists were included in the SIC code analysis. The time intervals and numbers of
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fresh orders suggest a continuation of the sales trend.

In addition to selling standards in hard copy, BSI offers a download service called British
StandardsOnline (BSOL). When this study commencedata relating to BS 888Y
download wasunavailable. The BSOL system has since been improved sddwaload
datais now logged for all BSpublications Data relating to BS 888¥ downloads from
BSOL betweerugust 2008 and August 2009 has been included, laeick mergeavith the
information on hard copy sales. Thists were combined and repeat orders and downloads

were eliminated leaving 192 unique entries. This datgpn@aesseds a spreaheet.

43.1 Adding o the dataset

Having established a list of BS 88&7customeiorganizationsadditional information about
each of them wascorporatedrom a variety of sources so that patterns might be more easily
identifiable. Sourcesf dataincluded individual comany websites, the Companies House

website and the FAME financial analysis database.

4.3.2 Standard Industrial Classification

The SIC code is a hierarchical system used to categorise the activibegaafzations It
classifies by Section, Division, Grouglass and Subclass. Section is represented by a
capital letter and Division by the first two digits of the code. An optional point mark
separates these from digits representing GroupCGlasisrespectively. The Subclass code

may be appended, boas nobeen used in this study.

4.3.3 Mapping BS 88871 Distribution
For some entries, the BSI data included the address to which the standdreehaskent.
Where thiswasumv ai | abl e, t he ¢ us twasreelded sThebedozation f f i c

wereplotted on tle map shown ifrigure 4.4: Geographical Ostributionin the British Isles
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4.3.4 Company Age
The ages of companies that accessed BS -888ire calculatedrom their year of

incorporation. The results wepiotted inFigure 4.5: Age Distribution Graph

435 Company Size

EU standard termsvere usedto identify the size oforganizationsbased onemployee

numbers A smal l enterprise is defined fas one
enterprises having fewer than 10 employees). A medium enterprise is defined as one with 50

or more employeedyut fewer than 250, and a large enterprise as one having 250 or more
emp !l oy e e 2008]. [ApliBg these thresholds enabled results to be evaluated against

UK data from the Office for National Statistics (ONS). Compargtieechars wereused to

illu strate this irFigure 4.6.

4.3.6 ISO 9001 and ISO 14001 Compliance

Evidence of ISO 9001 and ISO 14001 certifications was sought for each company on the BS
8837-1 customer listby checking each company name against the UK Register of Quality
Assessd Companies (QA Registemnaintained by The Stationery Office (TSO). The
websites belonging to each company were also individually searched for referenc®s to IS
9001 and ISO 14001, using tli&oogled s s ear ¢ h 1 Mhe $made®in dachrsitet i o0 n
were also checked for compliance accreditation logos. Companies that merely claimed to
operate m accordance with principles ¢$O 9001 or ISO 1400but which did nothave

certification, were recorded as negative.

The results from the QA Registand the dta from the corporate websitwesre merged prior
to calculating the percentages of ISO 9001 and ISO 14001 certified comaamuegthe BS

88871 customer firms. Ikither the QA Register or corporate website searches produced a
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positive result, then the company was recorded as compliant with the relevant standard. The
results of the two searches largely served to confirm each other, although there were some
minor differences. By merging the results, the combined totals were slightly higher than if

just one method had been employed, since sometimes one search would reveal a positive

result that was missing from another.

4.3.7 Limitations

For someorganizationgnterestedn BS 88871, especially in the neoommercial sectors,

SIC codes could not be found from published sources. In these cases, a suitable code was
selected based on the activities described on their webkisegercompanies frequently had
multiple SIC codes as they compete in various markets. For consistency, analysis has been

limited to the primary SIC code for each.

Of the 192 unique orders and downloads included in the SIC code analysis, 123 were used to
find the percentage with ISO @0 and ISO 14001 accreditation. The same subset was used
to determine the ages of companies that might be using BS1888d their sizes. The focus

for these studies was UK businesses. The excladgdnizationscomprised 47 from
education, three afrhich were noAJK; 10 other noAUJK organizationsseven libraries; two
governmentun defenceelated sites; two stafended engineering researciganizations

and one chamber of commerce. For the business size analysis,-enterprises were

grouped wih small firms, as the exact number of employees was often unavailable.

In gathering data to determine the percentage of ISO 9001 and ISO 14001 certified
companies, a number of factors will have affected the accuracy of the final figures. It is
possible lhat there may be a time delay between changes in the status of company compliance

certification, and updates being applied to websites. Additionally, the QA Register is
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dependent upon current information being forwarded by accreditation bodies.

4.4 Results ard Analysis
The data collected in this study is presented graphically to provide clarity, and to assist in the
visualisation of emergent trends. SIC data colour coding has been kept consistent for all

diagrams.

441 Sales
Immediately after the initial publication of BS 88&7sales were strong with a surge in
orders in January 2007. New orders then settled to a steady rate of one or two per month.

This pattern is shown iRigure 4.1: Sales Gaph.

BS 88871 Sales Over Time
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Figure 4.1. Sales Gaph

The shape of the graph is typical of the sales pattern expected for a newly introduced
standar d. The release of new standards i
OBusi nesils 0Stmamgdarn nes. Sever al articles in
been published about BS 88&7and the TPR triumvirateThese may havencouraged some

of the initial orders for the standard The pattern of sales does not appear to show

correlation with the timings of productlated environmental legislation coming into force.
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4.4.2 Management Acreditation

Of the 123 UK commercial firms that ordered or downloaded BS-8886% had ISO 9001
certification and 46% had ISO 14001 certification. These high levels suggest commitment to
standards, quality and environmental responsibdityongthe companies inteséed in BS

888F1.

Theresults may also be an indication of the relative importance of the management system
standards in industry. Almost all of the ISO 14001 certified firms also had ISO 9001.

Perhaps ISO 9001 is seen as essential while ISO 140ajhig besirable.

4.4.3 SIC Analysis of BS 88841 Customers

44.3.1 General SIC Aalysis

The industry sectors to whicbrganizationsthat have purchased BS 8887belong are
represented irFigure 4.2: SIC Section and Division of ManufacturingThe pie-chart
indicateshigh uptake in SectieD 6 Manuf acturingé with 97 orde
of-pie shows that Divisiol8 1 6 Manuf actur e of &largesttsubsetco | Ma
manufacturing with 19 orders. Divisiéh 2 6Manufacture of Radi o
Communication Equipmentd has a further four
at least 23 of the 192 orders, or nearly 12%, are from coempamit manufacture electrical

goods. This figure excludes design consultancies, some of which assist in the development of
these types of productsThe high uptake of BS 888V by electronics compges may have

been motivated bincreasingly stringenegislative requirements imposed on this industry by

both theEU and the UK Government.

General engineering companies were well represented with 17 from Dig28ion

6Manufacture of Machinery and Equi pment Not
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concerned with similar businegs Division-r2 8 &é Manuf acture of Fabric
Except Machinery and Equi pment d brings the
to at least 32 out of 192 or 17%. By considering the data in these comlsnatioan be

seen that there are more general engineering than electrical manufacturers ordering-BS 8887

1. The standard may be of interest to these companies because of the detailed design
requirements it lays out for efficient manufacture and assenalslywell asEoL value

recovery processes.

. . . 31| f: f El ical
BS 88871 (2006) General Standard Industrial Classification | Mﬁi"ﬁﬁ;ﬁ”,&f,saiﬁ,‘;"ﬁﬁ
Analyses of Customer Organizations Esswiee CrEsiE

. 29-Manufacture of Machinery &
Equipment Not Elsewhere

Classified
. D-Manufacturing 28-Manufacture of Fabricated
_ Frequency of Frequency Metal Products, Except Machiner
M-Education SIC Section(all Of SIC Division & Equipment
. rganization Manufacturin
K-Real Estate, Renting & Organizations) ( 9) 33-Manufactureof Medical,
Business Activities Precision & Optical Instruments,

Watches & Clocks
. O-Other Community, Social

and Persongervice 35-Manufacture of Other

Activities 19 Transport Equipment
. F-Construction 25-Manufacture of Rubber &
Plastic Products
. G-Wholesale & Retalil 17
Trade; Repair of Motor . 32-Manufacture of Radio,
Vehicles, Motorcycles & Television & Communication
Personal & Household Equipment & Apparatus
Goods
o ] . 34-Manufacture of Motor
. C-Mining & Quarrying - Vehicles, Trailers & Seriirailers
. I-Tranqurt, _Storage and . 24-Manufacture of Chemicals &
Communication 7 Chemical Products
. L-Public Administration & . 36-Manufacture of Furniture;
Defenf:e Compulsory Social Manufacturing Not Elsewhere
Security Classified
. 27-Manufacture of Basic Metals
. 15 Manufacturef Food Products
and Beverages
L . Lo P q 18-Manufacture ofVearin
Numbers within this chart indicate thequency of occurrenas organisations operating D Apparel; Dressing & Dyeﬁ.,g of
within all SIC Sectionsandall Divisionsof Manufacturing Fur

Figure 4.2: SIC Section and Division of Manufacturing

Six orders were from businesses operating in Dividod o6 Manuf act ure of Rub
Product so. T H eould kelp with the de%eloBnd & product designs that

enable efficient postonsumer recovg and recycling It has been argued thalastic should
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be treated as having a higher value. Perhaps as the global supply of crude oil declines,
plastics will take on a monetary value that better represents their true value and recycling will

become more economically worthwhile [Hornbugide8 p. 168].

The data shows only four companiesnfr Division3 4 o6 Manuf acture of Mo
Trailers and 8mit r ai | er s 6. Thi s I s -pbtensich prebblifent i n g
environnental impact of cars and trucksc. [e.g. Jones2003]. Thestandards particularly

relevant to this sectdollowing theintroduction of theELV regulations. Of the companies in

this division, only two were manufacturers of complete vehicles and only one of those was a

high-volume producer.

It is possible thateonomi ¢ factors have had an i mpact o
for Briti s h-makingis chavingdeastwardsfit€CEastern Europe and Asia, and its
support i ndustri es, 2085. dnteestingly,ghe highaume dartheaken o ¢ k

was from one of the rapidly developing Asian economies.

SectonM 60 Educati ond i group ofi gandardscusensdhatlhave araessed BS
888*1, as seeln Figure 4.2 with 47 institutions represented. These include schools and
colleges but mainly universities, as showrFigure 4.3: SIC Section, Division and Group
This is a very positive findg as fwhat is really needed is an ethos in educational
establishments that supports and promotes sustainability in all actividlaa ah courses at

e v er y [Rahmifard aad Clegg2008p. 2].

The education provided by institutiorsccessing and hopefully using, BS 888 may
influence designers for the duration of their careers. Sustainable design knowledge will thus

be taken to the companies they start, or for whom they work.
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The majority of educatiorelated entries were from BSOL. Several of the universities
downloaded the standard betwe®rand 12 times. Multiple downloads were reduced to
single entries for this analysis, howevkigh levels of interesivere evident atcettain
institutions. It is likely that design and engineering lemtsi have been referencirige
standardduring their teaching and that their stads haveéaken the initiative to downloatie
standardor use in their project work. Education is a patiely important sector that should

be further encouraged to prom@&8&Dand to use BS 888Y for teaching purposes.

The remaining smaller portions of thee-chars are discussed in the following section along

with SIC Division and Group.

4.4.3.2 Specific SIC andysis

SectionK 6 Real estate, renting and businpess act.]
chartin Figure 4.2. Only a fewfirms appearig under this classification were concerned with

property as their principal activity. Of the 26 orders in this Section, 17 actually fell into
Division-7 4 6 Ot her Business Activitiesd6 anmw8 sevel

O0Resear ch ahdgabzatiomsl op men

Division-7 4 00t her Busi ness Activitiesodo-748ubdi vi
OMi scell aneous Business-7Ac?i 6Atchsbdbectaundal ha
Activities and rel ated T e cdetailiiscnatishowharrgsirea | t a n cy
4.2, but is illustrated by the leelled segments of mulkevel diagram shown irFigure 4.3:

SIC Section, Division and Group

Public libraries with a BSOL subscription afford access to standards for local small
businesses and other interested parties. The data shows the standard being downloaded at

seven differentJK libraries. These are represented in Seeion 6 Ot her Communi t vy
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and Personal Service ddectwoultd esed. 92 Tl i ¢ L if url

Activitiesd (SIC ClFguwe4d3toaveidavertomfliemsmn s hown i n

Division-3 3 0 Ma n wff Meditaly Precision and Optical Instruments, Watches and

Clocksd shows 15 orders. Ov e ricallsemtorf This ypet h e s e

of business has a traditi of being highly innovative.

BS 88871 (2006) Detailed Standard Industrial Classification
Analyses of Customer Organizations

45.2 Buildingof Complete 31.6 Manufacturef Electrical
Constructions pParts Thereof; Civil Equipment ot Elsewhere Classified
92.5 LibraryArchivesMuseum EIgMEE
and Other Cultural Activitie

29.2 Manufacture bOther
General Purpose Machinery

73.1 Research and Experime
Development on Naturalc®ncesanc
Engineering

29.1 Manufacturef Machinery
for the Production and Usé o
Mechanical Power, ¥tept
Aircraft, Vehicle ad Cycle
Engines

74.2 Architectural ar
Engineering Activities ar
Related Technical @hsultanc

28.5 Treatmenand
Coating MetalsGeneral

/ Mechanical Engineering

74.8 Miscellaneot
Business Activities nt
Elsewhere @ssifiec

28.7 Manufacturef
€— Other Fabricated Met:
Products

80.2Secondar

Educatior 33.1 Manufactte of

Medical and Surgical

‘\Equipment ad

Orthopaedic Appliances

33.2 Manufacturef
Instruments and Appliance:
for MeasuringChecking,
Testing, Navigating rad
OtherPurposes, Except
Industrial Process Equipme

35.3 Manufacturef Aircraft and
Spacecraft

80.3 Higher Bucatior 25.2 Manufacturef Plastic Products

Inner ring: Section

Middle inner ring: Division, 34.3 Manufacturef Parts and

36.6 Miscellaneous Accessories for Motor Vehiclesid
Outer ring: Group I(\:A;gzifggéunng ot Elsewhere Their Engines

For a complete list of codes and their descriptionsvees.statistics.gov.uk/methagislity/sic/downloads/UK_SIC_Vol1(2003).pdf

Figure 4.3: SIC Section, Division and Group

DfD and maintenance are especially importanthe defence industry as noonsumable

military equipment often has an exceptionally long service life. At least six of the
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commercial firms that ordered BS 88&7are involved in the development and manufacture
of defence products. As an examphbattle tanks have muddtructurally in common with
heavy earthmoving equipment. They may be ideal candidates for remanufacture and design

for upgradeability.

The rings of the doughnut diagramRigure 4.3, from the inside to the outside, represent SIC
Section, Division and Group, respectively. These are indicated by the letters on the inner ring
and progressively longer codes on the outer ringge diagram is a graphical representation

of the parts of the SIC code system covering the principal activities of BS18883tomers

and their relative proportion of the total orders. Around the outside of the chart, SIC codes
with three or more occurreas have been labelled with their descriptions. The definitions of

al | the codes can be found in 6UK Standard

20036,2p0BIN S

444 Geographical Distribution

The approximate locations of BS 888 &ustomers @& shown on the map of the British Isles

in Figure 4.4: Geographical Dstributionin the British Isles The colours of the markers are
consistent wit all of the diagrams relating to SIC code Section, and identify the type of
organizatiomat each siteThe mar ker s are clustered around t
of London, Birmingham and Manchester. The map also indicates considerable

manufactuing activity along the south coast particularly between Southampton and Brighton.

Of the 192organizationdn the study, 13 are based outside the UK. Orders for BS-8887
have originated from France, Hong Kong, Kuwait, Malta, Norway, Oman, Republic of
Ireland, Slovenia, South Korea and the USA. To some extent the influence of this British

Standard appears to be reaching an international audience. The conoordid orders
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were from manufacturs of aircraft parts, autelectrical parts, pharmaceuis, vehicles and
industrial electrical equipmentt is possible thathese companies sell their products into the

UK andare therefore interested dertain British Standards.

The use of BS 888T may have a global benefit as a result of international trade. By
incorporating sustainable design principles into product specifications, some envit@nmen
benefits should result even in a global manufacturing context. For instance, if an item was
designed in the UK but manufactured in Malaysia, the overseas producer woulccbe@xp

to meet the specificationlf 6100 % r e aecylédertterb® wast sti pul at
particular component, or that d&édsecondary fin
not b dBSB&BeLdAM06 p. 36]then these specifications would havebtomet, or at

least negotiated

BS 88871 (2006) Geographic S
Distribution of Sales by o
Standard Industrial 5

Classification Section Code

. D-Manufacturing
M-Education

K-Real Estate, Renting & Business Activities

O-Other Community, Social and Personal Service
Activities

Edinburd
L]
F-Construction Glasgow

G-Wholesale & Retail Trade; Repair of Motor

Vehicles, Motorcycles & Personal & Household N "
Goods ewcastle
C-Mining & Quarrying

I-Transport, Storage and Communication

L-Public Administration & Defence Compulsory
Social Security

Note: Each dot represents an
individual organisation known to have
ordered or downloaded one or sever:
copies of BS 8881 (2006).

Figure 4.4: Geographical Dstribution in the British Isles



445 Age of BS 88871 Customer frms

The number of UK businesseseach of the given age rangbst have ordered BS 8887is
presented irFigure 4.5: Age Distribution Graph Thecurveof the graphshows a kinlover
117 20 yearspossiblythe result othe sample size and the groupings us8@nificantly, the
peak of the curveepresent21i 50 yearold companis, suggesting that BS 8837 and
probably standards generally, an®st frequently bought by wedistablished companiesA
considerable number of younger companiesadso represented in thel® and 1120 year

ranges.

BS 88871 Corporate Customer Age
60
50 N\
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B /o \
£ / N\
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Figure 4.5: Age Distribution Graph

4.4.6 Size of BS 8884 Customer Firms

Most of the orders for BS 888l from the commercial sectariginated from medium or

large firms. These comprig®% and 42% of the totakspectively, with 13% from small and
micro-enterprises. Th@ie-chartin Figure 4.6 (A) BS 88871 Customer Business Sizes
graphically represents these percentages so that they can be compared with UK national data
[from ONS, 2000] shown ifrigure 4.6 (B) All UK Business SizesThe majority of UK
businesses are either micro 83.5%, or small 13.6%. Nbgsmnesseareconsidered a subset

of small businesses. This brings the total proportion of UK companies with fewer than 50
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employees to 97.1%Medium-sized businesses represent 2.2% of the UK, tatfalle only
0.6% offirms qualify as large with 250 or moemployees. When char(d) and (B) are
compared, it appears that the percentage of companies of each size in the BS 8887
customer base has rapparent relationship with the national data. There is no consistent

percentage dbusinesses, in each size rabggingthe standard

The percentage of turnover from UK businesses of each size is represehtgdrén4.6.

(C) All UK Business Turnover This shows that large companies genef#te8% of UK
turnover. Therefore, more than half of all UK commercial trade is generated by 0.6% of
firms that qualify as large. The remaining natibhusiness turnover is doedfairly evenly
between micro, mall and mediunsized firms. Wherthe threepie-chars are considexd
together, the BS 888Y data appears closer to theerage, although small firms are arguably
still underrepresented. The activities of the Wkisinesses used for this comparison have

not been accounted for.

BS 88871 Customer UK Business Sizes © UK Business Turnover

*) Business Size ®)

Micro

13.6% 16.6%

Large Small

52.8% 15.5%

Micro
83.5%

Figure 4.6: (A) BS 88871 Customer Business Sizes, (B) All UK Business Sizesaf®source ONS,
2000) (C) All UK Business Trnover (Data source ONS, 2000)
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Data regarding company size, age and activity by SIC code Section has been combined in
Figure 4.7: Age, Size and Classificatioft can be sen that mediursized companies aged
21150 years inhe manufacturing sect@ccount for the highest frequency of orders. The
chart also shows that the larger companies tend to be older. Several of the large young
companies were formed from pe&isting organizationsthat are now conglomerates or

privatised nationabrganizations

BS 88871 (2006) UK Corporate Customer Organisation Ages, Size and Standard
Industrial Classification

H

K

35

30

. D-Manufacturing

K-Real Estate, Renting &
Business Activities

25

> .
8 20 . F-Construction
% . G-Wholesale & Retail
3 Trade; Repair of Motor
L Vehicles, Motorcycles &
Personal & Household
Goods
10
. C-Mining & Quarrying
5 . I-Transport, Storage and

Communication

Age from Year of Incorporation to 2009, and Size based on Number of Employec¢

Figure 4.7: Age, Size and Classification

Conclusiondrom Standard Industrial Classification Study

Commercial businesses accaohfor the bulk of orderdpllowed byeducational institutins
Theinterest shown by edation may suggeshatmoresustainable environmentally sensitive
design will becomencreasinglycommon as new graduates enter the workpéak as our

world situation demands
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Some nternational distribution of BS 888 was evidentespecially via onfie download.

The BSI is the UKG6s NiSiBitshamdcountrys gr eat est i nf

TheBS 88871 commercial customer organization age distribusoggestshatthe standard

may be of relevance faoms of all ages.

Having compared the sizes of BS838L customer firms with national averages, it appears
that small and micrenterprises may be undepresented. This is true for both the number
of businesses nationally in these size categories, and the percentage of UK turnover that they

represent.

Customers of BS 8881 showbelief inthe value of standargwith exceptional levels of ISO

9001 certification, and high rate§ISO 14001 certification.

Very few motor vehicle manufacturers have bought BS 88&hd producers of packaging
are absent frorthe sales data. The standard is relevant to both of these industrezsalgsp
the automotive busineggven the complexity of assemblies, variety of materials used and the

high potential for recycling, repair, reconditioning and remanufacturing.

The recent introduction of multiple pieces of environmental legislation relating to electrical
and electronic product manufacture may have stimulated orders for BS18&8A high

proportion of these businesses were evident in the customer data.

The SIC studydentified where sales of BS 8887have been strong and where they have
been weak. This new knowledge could be used to underpin the decision making process in
support of further marketing of BS 8887and even the development of future parts of the

BS 887 series.For marketingthe value of thizould be further increasedttie resultsvere

compared with data regding growth orcontraction of each type of UK industry represented
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This couldenale a highly targeted promotiofurther assisting UKndustry.
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CHAPTER 5 Quantitative Analysis of Interview Results

5.1 Introduction
This investigatiorwasmade retrospectively to place the findings of the following qualitative
studies in the context of the sample size and frequency with which certain similar responses

to questions were given during the interview series.

5.2 Aim

The aim of this studyasto provide information regarding the numberoofanizationghat

contributed to the castudy evidencespecifically:

1 How many people who accessed BS 8&8ctually readt?

1 How many people who read BS 8887sed it within theiprganization3

1 What was the main motive for acquiring BS 8887

1 What, if anything, has motivatetihe organizationsto considerESD and develop
cleaner operations?

1 What topics were of particulamportance during the interviews?

5.3 Method

The interview transcripts and-mail responses from the qualitatigseudywere reviewedand
specific piecs of information from each organization werellected, typically from a single
participant Where multiple individualérom the same organizatioesponded, the answers

were combined.

To investigate the last research questioiBsattion5.2 Aim, a new version of the NVivo

project was created. Text that had been previously included in research publications and this
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thesiswasreod ed at the appropr i atnale, discussed ifectam d t
3.5 Qualitative Researchand AnalysisMethod was deleted.The number of references and

sources coded at each node were exported and represented graphically.

5.4 Limitations

A quantitative survey method as dissed irSection3.3.2.7 Quantitative Questionnaires

may have been preferabfer conducting the type of investigation presented in this chapter
As the decision to conduct a numerical analysis of the field data was made retrospectively in
response to a r,dstaledverptadgiiens foom gpateigants bawe been
interpreted, simplified and placed into categoseghey can be counted. Had this part of the
research been planned originally, the intervieasld havebeen tailored towards producing
guantitative resultsHowever,theintentionand purposevas to gathr detailed evidencand

informationof greater depth thanraumericallyfocusedguestionnaire would have provided.

5.5 Results

Out of the 192rganizationghat accessed BS 8887included in the previous SIC stydp
of them whohadpreviouslynot objected to being contacted in relation to this reseavehe
invited to participate.Responsesncluding rejectionswere gathered from 66f them Two

transcriptsare included for illustrative purposesAppendix 4 and 5.

55.1 Use of BS 88841
Within the sample group a subset of Bwividuals from different organizationswere
identified as having read88871, and9 of them had used.itThis is represented Figure

5.1 Impact and Use of BS 8887
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BS 88871 Customers that have Read and Usetie standard

a

Has BS 88871 been Read? Has BS 88871 been Used?

Figure 5.1: Impact and Use of BS 8881

The 40organizationscomprisingthed Un known 6 s ect i oRiguredl werd e
mainly those that detied to be interviewedor had no knowledge dhe standard Several
of theseorganizationsnevertheless provided useful information regarding their approaches

towards ESD, DfM, compliance with EPR legislation and their use of standards in general.

The qualitative studies in the following chapters &@sedprimarily on the organizations
where BS 8887 had been usedThey aresupported with other relevant examptéd<DfM,
DfA, DfD and DfE The types oforganizationsfound to have usedhe standardare

summarized imable 5.1: Implementation of BS 8887
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Quantity | Type of Organization Extent of Implementation

1 Automotive electrical parts manufacturer Referenced under APQP and used to spe
techniques in the design process

1 Boiler systems manufaarer Document and design process management

1 Construction products manufacturer Reference source for reducing production cg
through improved desigrduring awide-ranging
productreview

1 Industrial refrigeration manufacturer DfD, DfR and EolLproduct price negotiations

1 Niche car manufacturer Used to support ISO 14001 EMS

2 Sixth Form College Referenced in dctures used to support ES

elements of design and engineering courses

2 University Referenced in lectures, used to support E
elements of design and engineering courses

Table 5.1: Implementation of BS 88871

Internetsearcheslsorevealed the use of BS 88&Avithin Bachelors and MasteiBegree
courses in engineering and desigm ahird university, as described$ection8.3: MADE in

Education

5.5.2 Motivation to AcquireBS 88871

Within the group of 24 participgs who had readhe standardl1l identified ESD as their
primary interest inBS 88871 and the reasohad they acquired it For 5 of these24
participants the relevance othe standardnainly surroundedlesign forproduction This
included those who reiewed the standardvith consideration for DIMA as well as those
whose primary interest in BS 8887originatedfrom it being part of the TPR triumvirate
along with BS 8888. One of the most frequently cited reasons to acquire BS 3&&Y

simply to havaet available as a reference source for future projects.

5.5.3 Motivation for Environmentally Sensitive DesigamongBS 88871 Customers

The main reasons that commercial businesses consider ESD were found to be customer
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demand, EPR legislation aethployees who champia@nvironmentatauses, asepresented

in Figure 5.2: Motive for Environmentally Sensitive DesigrnThe pie chart includes data

Main Motivation for Environmentally
Sensitive Design

Customer
Driven, 7

NA / Other,
6

Figure 5.2: Motive for Environmentally
Sensitive Design

from the four academic institutionfisted in Table5.1. At the two universitieSESD was
primarily driven bylecturers keen to promote consideratairthe environment in studentd
design work. Thesaniversitieswerei ncl uded 1 n t Ghampridn vciartoengnoer nyt

of Figure 5.2.

The organizationgepresented ifrigure 5.2 are limited to the 24 wherthe participat had
read BS 88847. From theremaining56 organizationcontacted8 reported EPR legislation
as their primary interesh ESD and4 cited pressure from customersthe mainreasonto

minimisethe environmentalmpactof their operatias.

554 BS 88871 andISO 14001
One of the interview themes wasncerned with reducing produelated environmental
impact through ESD under ISO 14001. Of the 24 main participamesworked in design

and management related roles for companies that had 18QL Jatcreditation Three of
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these participants, and one independent consultant whose work was concerned with
EMS/QMS implementatignbroadly agreed that thew®uld be a supportingrelationship
between the use of BS 88&7and ISO 14001 with the lattprovider greateppportunity to

promoteESD piinciples.

One company identifiegroductdesigndecisionsas having the greatest influence uptire
organizatio® €nvironmental impactand had plannetb apply ESDfor use asevidence
supporing their ISO 140Q accreditation. The EMS auditoradvised thaDFE was not
relevant to 1ISO 1400%ince environmental impacts attributable to design are difficult to
guantify. However, two companigsirchasedS 88871 following more positivecomments
in this regardrom their EMSauditors. Others argued that it was already challergiogigh

to meet the requiremeswf ISO 14001 without adding them

5.5.5 QuantitativeAnalysis of NVivo Processed Transcripts

During the final st ages oofleintNVivosshowed shataovec h  pr
150 quotations from 40 transcripts and other original documents from the research had been
consideredn this Ph.D. thesis andssociategapers A report was generated to show the

most prominent topics arising during theeintiews. This data ipresented irFFigure 5.3:

Transcript References and Sources Coded at Nodes
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