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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 

post-consumer value recovery.  In response to todayôs need to design with consideration for 

the whole product life cycle, British Standards Institution (BSI) published BS 8887-1 (2006) 

Design for Manufacture, Assembly, Disassembly and End-of-life processing (MADE).  

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

in this thesis. 

The organizations that accessed BS 8887-1 were categorised using their Standard Industrial 

Classification (SIC) code.  The results are presented graphically in multilevel charts using the 

hierarchical structure of the SIC system.  The study found that the majority of standards users 

that purchased or downloaded BS 8887-1 were companies in the manufacturing sector and 

particularly electronics producers.  Educational institutions also showed high levels of 

interest in the standard. 

For the first time, the use of BS 8887-1 in practice has been investigated.  The purpose was to 

discover if, why and how it is being used and to identify examples of its application in design 

practice.  This was accomplished through semi-structured 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 8887-1 

has informed the design process and how it 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 Responsibility (EPR) legislation, especially the Waste Electrical and 

Electronic Equipment (WEEE) directive.  Importantly, the use of BS 8887-1 has been found 

to be helpful in winning new business and reducing the costs associated with manufacture, 

product maintenance and waste 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 series.  The beneficiaries are BSI, industry and academia, since the investigation 

has shown BS 8887-1 to be of value, and has informed the continuing development of this 

series of standards.  The thesis concludes by arguing for BS 8887 to become the basis of an 

International Organization for Standardization (ISO) standard in order to reach a wider 

audience.  It also identifies a need for the standardôs design requirements to be supported with 

additional supplementary interpretation expanding on, and 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 commissioning a handbook to assist designers in the practical 

application of BS 8887 in industrial design. 
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"We are living on this planet as if we had another one to go to." 

[Connett, 1997] 
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CHAPTER 1 Introduction  

Journal and conference papers and presentations prepared during the Ph.D. research process 

have been used as the basis for this thesis.  Some of the key publications and presentations 

are referenced in Figure 1.1:  Research Process Map.  This shows the general structure of the 

thesis and illustrates how the papers relate to each other.  
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Figure 1.1:  Research Process Map 
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1.1 Statement of Thesis 

This thesis reports on an investigation into the use of BS 8887-1 and presents original 

findings.  Its main argument is that the life cycle planning approach to product design and 

management required by the standard should assist industry in achieving more efficient 

production and greater profitability as well as helping to prevent unnecessary depletion of 

natural capital and the accumulation of potentially harmful waste.  The purpose of the 

research was to provide feedback to BSIôs TDW4/7 Committee developing the BS 8887 

series. 

Designing to meet the requirements of BS 8887-1 can support closed-loop production in 

which post-consumer products become the input materials for manufacture.  This approach 

promotes the diversion of waste back into production, reduces the demand for virgin 

materials and retains some or all of the embodied energy within materials and components.  

BS 8887-1, together with the other BS 8887 standards in the series, authoritatively specifies 

the requirements necessary to facilitate efficient product recycling, remanufacturing, 

reconditioning and most recently, re-marketing.  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 product life cycle planning supported by BS 8887 can constitute 

a financial advantage for manufacturers and the wider economy, the underlying argument is a 

moral one as well as practical one.  It cannot be just to consume so voraciously 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.  However, this idealist perspective would be of 
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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 research has been used to support or add comment to the argument that 

there is a need in industry for standards on product life cycle planning to guide the 

development of more environmentally benign sustainable design.  Novel aspects of this thesis 

include: 

¶ Use of Standard Industrial Classification (SIC) to investigate the distribution of BS 

8887-1 across industry sectors. 

¶ Multilevel charts utilizing the hierarchical structure of the SIC system. 

¶ Use of semi-structured research interview techniques to investigate the influence of 

BS 8887-1 among the people that use the standard in their professional work. 

¶ Original combination of quantitative and qualitative research methods applied to the 

use of BS 8887-1 

¶ Two original models of the design process: 

1. Combining NPD with the materials economy and product End-of-Life 

(EoL) roots. 

2. The use of standards in the design process based on the interview 

results. 

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

1.2 Background 

Design and manufacture are centuries old activities, but the growth in consumer goods over 

the last 50 years has been phenomenal.  The mineral wealth of our planet is extracted and 

used to manufacture products sold through vast retail networks.  Additionally, the population 
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increase over the last 200 years creates significant demand for more natural recourses.  ñIn 

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, 2004 p.10]  The 

wasteful disposal of products continues to accelerate as a result of both population growth 

and increasing standards of living [Herring, 2006 p. 8].  Industrialisation, the pace of 

technology change and poor production and consumption models are contributory factors in 

this environmentally damaging pattern. 

Climate change is probably the most widely discussed and debated environmental issue of 

our day.  When certain gases, especially carbon dioxide, nitrous oxide and methane are 

released, they form a barrier that reduces heat loss from our planet [Gore, 2007].  Recycling 

generally requires less input energy than the production of virgin materials and therefore 

results in lower volumes of emissions.  ñOne way to measure the eco-efficiency of materials 

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 more energy 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 (typically 2-12MJ/kg), while man-made 

materials tend to have medium or high embodied energies (typically 10MJ/kg to over 

1000MJ/kg)ò [Fuad-Luke 2008 p. 23]. 

Human industrial activity is having a significant and detrimental impact on the Earth.  ñThe 

changing environment of our fragile planet is a result of the things that we do and the tools 

that we use.  Now the changes that we have brought about are so major and so threatening it 

is imperative that the designers and architects play their part in helping to find solutions" 
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[Papanek, 1995 p. 8].  Over the past few decades environmental issues including the damage 

caused by certain industrial activities, have increasingly become a source of public concern.  

As a result there has been a proliferation of products about which various green claims have 

been made.  Despite considerable advances in this field, it is difficult to think of many 

industrially manufactured products that do not have a negative impact on the environment.  

ñMost are detrimental in terms of resource depletion, toxic metals and energy consumptionò 

[Holdway and Walker, 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].  However, environmentally conscious design can 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 reduced CO2 emissions may be 

achieved, at least in part, by ñpromoting increased levels of recycling and remanufacturing to 

recover the energy invested through virgin material processing and reducing the embedded 

energy content of materialsò [ASME, 2009 p. iii].  However, for powered products that use 

energy to function, other strategies for life cycle emissions reduction may be more 

appropriate e.g. the use of high efficiency motors and light bulbs or lightweight materials in 

vehicles. 

The necessity of finding ways to use finite resources more efficiently was one of the themes 

of the 1992 Rio Earth Summit policy document óAgenda 21ô:  ñthe major cause of the 

continued deterioration of the global environment is the unsustainable pattern of consumption 

and production, particularly in industrialized countries, which is a matter of grave concern, 
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aggravating poverty and imbalancesò [UNEP, 1992].  We can help to improve this situation 

by making the use of materials cyclical rather than linear i.e. reusing and recycling rather 

than dumping or incinerating them.  To do this we must eliminate the disposal stage and 

replace it with other more sustainable options. 

Sustainable design recognizes that nothing exists in isolation, and thus requires designers to 

consider their work in relation to the wider system.  The objective is to design products that 

will be profitable for business and enhance people's lives while minimizing damage to the 

natural environment.  Sustainable design offers business opportunities that should act as a 

catalyst for innovation.  Goods and services that efficiently meet people's needs at reduced 

negative social and environmental cost provide an opportunity for companies to gain a 

sustainable advantage [Greenwood, 2008 pp. 28-29].  ñThe end-of-life is one phase of the life 

cycle stages gaining increasing attention in the market.  Countries and companies are 

establishing goals for achieving sustainable development and reducing resource 

consumptionò [Rose et al., 2001 p. 182].  For individual companies, an important motivator 

for sustainable design and development is economic, particularly the avoidance of penalties, 

improvements in efficiency, and enhanced corporate image. 

The United Nations (UN) World Commission on Environment and Development (WCED) 

Brutland Report óOur Common Futureô published in 1987 defines óSustainable Developmentô 

as "Development that meets the needs of the present without compromising the ability of 

future generations to meet their own needs" [WCED, 1987 p. 8].  óSustainableô means to 

support or endure for an extended period of time.  In this context it refers to the ability of the 

Earth to support advanced eco-systems and life-forms, particularly human civilization and its 

material and energy dependent economies.  Sustainability goes beyond environmental aspects 
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and encompasses financial and social issues.  For sustainable industrial design, the objective 

must be the development of products, and Product Service Systems (PSS), that generate 

wealth and employment whilst preserving energy and materials.  Additionally, the goals of 

sustainable development must include the minimization of pollution to land, air and water.  

ñSustainable development is the journey towards sustainabilityò [Howarth, 2004 p. 11].  The 

development of standards that may be used by designers and managers to help create more 

environmentally friendly products, that are suitable for reprocessing, is a step towards 

resolving some of these issues. 

For production, the focus for industrial designers was 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 decisions 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 incorporate the appropriate 

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

Much has been written about DfM detailing the cost implications of materials use, part count 

and manufacturing processes, but similar details about the costs associated with EoL 

processing are less well established.  There is a need for practical advice and information 

regarding the implications of design decisions and material choices in relation to EoL 

processing.  If a product or part of a product has to go into landfill it has a negative value 
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associated with it as someone will have to bear the cost of that disposal. 

The environmental impact of manufactured goods can be reduced if designers plan for 

sustainability throughout the whole product life cycle.  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 the efficiency with which post-consumer products may be 

reprocessed include planning for remanufacture, reconditioning, repair, repurposing, parts 

reuse, materials recovery and recycling or design for natural degradability.  ñZero landfill 

cannot be achieved unless companies redesign their products to minimise life cycle impacts - 

particularly at the end-of-lifeò [Holdway and Walker, 2004 p. 7].  Planning for product 

reprocessing is an area of growing importance, as is emissions reduction from production.  

Design for reprocessing and disassembly are now frequently important aspects of design 

briefs [Howarth, 2004 p. 12]. 

The necessity to reduce the negative environmental impact of manufactured goods has led 

governments to pass legislation that forces more benign materials selection and product life 

cycle planning.  Changes within the law, to protect our environment, cause companies to 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 develop Sustainable Product 

Development (SPD) strategies [Jones, 2001 p. 27]. 

There is a strong financial incentive 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 energy, i.e. the energy that is required to refine raw 
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materials and then manufacture components and products, can be retained after the consumer 

no longer requires the original item.  DfD makes efficient deconstruction possible.  The 

design and configuration of a product plays a significant role in the ease of recycling at the 

EoL stage [Kobayashi et al., 1999].  DfD is also important for product repair, maintenance 

and remanufacture and can improve the economics of recycling by enabling materials to be 

separated and reprocessed with minimal loss of purity thus maximising their 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 and reprocessed are:  

ease of identification, accessibility, separation and handling of components and materials 

[Johansson 2008, p. 35]. 

EoL planning should be considered at the beginning of the design process.  ñThe product 

design and development phase influences more 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 whole life cycleò [Charter and Tischner, 2001, p. 120].  It is therefore most 

cost effective when Design for Environment (DfE) and DfR are addressed at the ab-initio or 

early stages in the product development process.  "Environment, especially end-of-life, 

concerns must be addressed early in the design stage, when alterations are still possible" 

[Rose et al., 2001 p. 193].  ñDesign for environment refers to the systematic incorporation of 

environmental factors into product design and developmentò [Tukker et al., 2001 p. 148]. 

There is even evidence that environmentally friendly design does not necessarily increase 

production costs and can ñlead to reductions in costs of development, assembly, packaging, 

service and disposal of up to 50%ò [Bullinger and Bopp, 1998, cited in OôShea, 2002,  p. 11].  

A strong business case for sustainable design can be made as increasingly companies see the 
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creation of positive environmental aspects to their products as a way of improving their 

market position [Rose et al., 2001 p. 182].  ñSustainable design can be portrayed as a 

competitive advantage in the market place ... because money saved from efficiency can put 

businesses ahead financiallyò [Thorpe, 2007 pp. 92-93]. 

1.3 Research Objectives  

Although this research was primarily supervised by Professor David J. Harrison, whose 

research interests include sustainable design and printed electronics, the project was proposed 

by the Reverend Dr. Brian J. Griffiths, chairman of the BSI committee responsible for the BS 

8887 series.  BSI has also supported this work and results have been periodically presented to 

them during addresses made at committee meetings.  The resulting publications have also 

been circulated among the committee members authoring the BS 8887 series. 

The purpose of the research was to discover if, why and how BS 8887-1 is used, to gauge 

industryôs reaction to it, to gather criticisms of it and to seek opportunities for further 

development of the standard.  The majority of the research takes the form of a survey, the 

results of which are used to ascertain the situation with regard to the use of BS 8887-1 in 

practice. 

The positive findings of this study have helped to justify the continuing development of the 

BS 8887 series while the criticisms of the standard have been noted.  This research has been 

rigorously conducted and therefore it is a significant source of feedback about BS 8887 that 

will continue to inform its development. 
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1.4 Summary of Chapters 

1.4.1 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 of this review is the relationship between standards and environmental legislation 

that influences Design for Sustainability (DfS).  These are discussed with reference to 

authoritative published sources.  Most of the available information relating to BS 8887-1 has 

been cited.  Significantly, very little has been written about the standard other than the papers 

originating from this research and from Rev. Dr. Brian J. Griffiths.  The literature review 

shows this to be original research and shows that no other studies into the implementation of 

this economically and environmentally beneficial British Standard have been conducted. 

1.4.3 CHAPTER 3:  Methods Review 

The majority of the review is concerned with various qualitative research methods.  These are 

evaluated in relation to the needs of the study.  The emphasis on qualitative methods reflects 

the focus of this thesis.  Some of the section headings in the review are based on the 

equivalent chapter in óIndustrial Application of Environmentally Conscious Designô 

[McAloone, 2000]. 

1.4.4 CHAPTER 4:  Distribution of BS 8887-1 

The market for BS 8887 is described according to the principal activities of companies and 

organizations that purchased or downloaded the standard since its publication in October 

2006 and up until August 2009.  The age, size and location of BS 8887-1 customers are 
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investigated.  Results are considered in relation to the possible influence of product-related 

environmental legislation.  The proportion of these customers with an accredited International 

Organization for Standardization (ISO) Quality Management Systems (QMS) and/or 

Environmental Management Systems (EMS) is established.  Additionally, the uptake of the 

standard by academic institutions is discussed. 

1.4.5 CHAPTER 5:  Quantitative Analysis of Interview Results 

Information resulting from the qualitative research was reviewed and quantifiable results 

were extracted from the transcripts.  Pie charts were produced to show organizationsô use of 

BS 8887-1 and the motives and influences that caused them to consider environmental 

sustainability in relation to their business operations and product design. 

NVivo-processed qualitative information is presented graphically with interpretation and 

discussion. 

1.4.6 CHAPTER 6:  Pilot Study ï The Use of BS 8887-1 in the Electronics Industry 

The SIC Study found a large proportion of the BS 8887-1 customer base consisted of 

companies engaged in the manufacture of Electrical and Electronic Equipment (EEE).  These 

companies were contacted and interviews were arranged with appropriate members of design 

and engineering staff.  By selecting firms with similar business interests it was anticipated 

that common themes would become apparent.  The responses gathered formed the basis of 

the pilot study. 

1.4.7 CHAPTER 7:  Main Study (Part 1) Design for Manufacture and Sustainability 

in New Product Development   

Following the pilot study, the research was broadened to include all organizations known to 

have accessed BS 8887-1.  Throughout the information-gathering process, multiple aspects of 



 

14 

 

design practice were investigated.  This chapter focuses on the experiences of industry 

practitioners applying the standard and emphasises its influence on profitability, 

sustainability and its application in the design process.  Comments from users are evaluated 

with reference to design process requirements detailed in BS 8887-1. 

1.4.8 CHAPTER 8:  Main Study (Part 2) Integrating Life Cycle Design Standards in 

New Product Development 

The case studies show that BS 8887-1 is being used, or has been proposed for use, in 

combination with a number of existing systems and tools during commercial Technical 

Product Development (TPD).  These include Advanced Product Quality Planning (APQP), 

EMS, Theory of Inventive Problem Solving (TRIZ) and House of Quality (HoQ) which is 

part of Quality Function Deployment (QFD). 

The findings are significant because they demonstrate that BS 8887-1 is used in commercial 

design practice and the application of requirements specified by the standard has been shown 

to have a cost benefit.  Additionally, the standard has proven to be useful in design education.  

It can therefore be anticipated that BS 8887-1 will continue to be used and continue to 

contribute to incremental product design improvements and environmental impact reduction. 

1.4.9 CHAPTER 9:  Discussion and Conclusions 

The original research findings in this thesis are presented concisely.  The significance of the 

results is discussed in the context of the need for sustainable design and production.  Finally, 

suggestions and recommendations for the further development and use of BS 8887 are made. 

1.5 Project Plan 

A project plan was developed at the start of this research, and used in early presentations at 
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both Brunel University and BSI.  As the research progressed this was updated to illustrate 

how the research had developed, future objectives and the steps necessary for completion.  

This proved a useful reference during annual progress monitoring.  The version presented 

here in Figure 1.2:  Project Planning Gantt Chart has been finalized to retrospectively show 

when various tasks commenced and were accomplished, as well as the months in which 

conference addresses were delivered and when journal papers were published. 
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CHAPTER 2 Literature Review 

Themes for this review and the subsequent research were initially explored using mind maps 

[see Buzan, 1988].  An updated version of the mind map developed for this project is 

presented in Figure 2.1:  Research Themes. 
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Figure 2.1:  Research Themes 

Environmental 

Protection Act 
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Each of the topics identified in Figure 2.1 has had some influence on this thesis.  The focus 

of the research is the relationship between Environmentally Sensitive Design (ESD), the use 

of standards, particularly BS 8887, and Extended Producer Responsibility (EPR) legislation.  

This is illustrated in the Venn diagram in Figure 2.2:  Research Focus. 

 

2.1 Product Design and 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 months [Humphries-

Smith, 2010 p. 11; Howarth, 2004 p. 13].  ñProduct life spans are reducing rapidlyò [Pugh, 

1991 p. 56].  There are four principal reasons why products are retired from service, these 

are:  technical cycle - a significant technological advance may make obsolete an old but 

functional product; wear out cycle ï product deterioration through use; redesign reason ï 

iterative improvement e.g. stylistic changes and function integration level - new features 

added.  The reason for a product being retired is likely to have an influence on the EoL 

reprocessing strategy adopted [Xing et al., 2003 pp. 153-154]. 

Figure 2.2:  Research Focus 

BS 8887 

EPR ESD 
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Historically industrial designers and engineers have given li ttle consideration to the wider 

areas of resource depletion, energy consumption, pollution from landfill sites and materials 

toxicity.  Therefore, design is in part responsible for the condition of the planet, which 

becomes ever more critical [Holdway and Walker, 2004 p. 9].  The environmental impact of 

products may have been less of a concern in the past because natural resources were more 

abundant and rates of consumption lower owing to a less extravagant culture and smaller 

population.  Today designers must not only achieve the required functionality, cost and value, 

but also consider environmental impacts.  Social and regulatory responses to environmental 

issues are forcing companies and other organizations to reduce the burdens that they place on 

the systems of the natural world [Ellram et al., 2008 p. 1620].  ñInternational law is pushing 

companies towards increased recovery and recycling of all materialsò [Holdway and Walker, 

2004 p. 7]. 

2.2 Standards 

BSI was the worldôs first National Standards Body (NSB) [BSI, 2009a] originating at the 

beginning of the 1900s [Woodward, 1972 p. i] It had been realised that the unnecessary 

diversity of components and parts produced by various manufacturers resulted in a lack of 

interchangeability.  Standardization helps prevent problems in production, repair and 

maintenance of products.  It fosters international trade thanks to the elimination of technical 

barriers [Casadesús et al., 2008 p. 1741].  Today, standards facilitate the design and 

manufacturing process by ñestablishing safety criteria, promoting quality with economy, 

assisting communication and trade, and inspiring confidence in manufacturer and userò 

[Simmons et al., 2009, p. 295]. 

BSI defines a standard as a:  ñdocument, established by consensus and approved by a 



 

21 

 

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 contextò [BSI, 2009b].  Standardization benefits both the customer and the 

manufacturer by ensuring that everyone works to an agreed and consistent model.  "The 

consumer needs uniform and readily comprehensible standards that will be respected and 

policed" [Packard, 1960 p. 252].  Today, BSI is so well known and respected that it is 

recognized as a UK Business Superbrand [BSI, 2011a]. 

ISO is a federation of NSBs from industrialised countries.  It was formed at the end of World 

War II and now represents over 150 nations.  Since ISO began, BSI has been an important 

member [Macleod, 2007 p. 26].  The name ISO is derived from the Greek isos, meaning 

equal.  It is referred to by the same name in every language [ISO, 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 legislation as well as 

being used in management, product certification, purchasing and marketing.  They are 

indispensable for industry as they impact upon every aspect of product design and are 

essential for competitive, cost effective production as they specify the requirements to be met 

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

[Simmons et al., 2009 p. 295]. 

Standards are written by committees of volunteers.  Members that draft them represent 

manufacturers, trade and research associations, professional bodies, governments, academic 

institutions and consumers [Simmons et al., 2009 p. 296].  Standards epitomise best practice 

and should therefore be used as an óexpert knowledge baseô.  Writing them is a rigorous 
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process and each standard must be made available as a Draft for Public Comment (DPC) 

prior to publication [Hollins, 2008 pp. 17-18].  The development of standards tends to be 

laborious, even when all those involved appreciate the advantages of standardization 

[Norman, 2002 p. 232]. 

Despite their rigorous development 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 low economic impact [Birkeland, 2002 p. 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 voluntary (except for those required by law), although in the case of 

environmental standards companies can rarely afford to ignore them [Fiksel, 1996 p. 27].  

ñAny company that is already marketing a product that meets the proposed standard will have 

a huge economic advantageò [Norman, 2002 p. 232]. 

In the context of sustainable design, standardization necessitates the incorporation of a set of 

principles in NPD intended to minimise the environmental impact of industrially produced 

goods.  This approach applies to the whole product life cycle, including materials selection, 

extraction, manufacturing processes and consideration of the optimal working lifetime of the 

product as well as designing for reprocessing. 

2.2.1 Standards and Sustainability 

The three pillars of sustainability are:  economic, social and environmental [Adams, 2006].  

Standards contribute £2.5bn to the UK economy [BSI, 2009a], and during the last two 

decades there has been an increase in the number of standards issued concerned with the 

economic field.  This is likely to be a result of increased globalization [Casadesús et al., 2008 
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p. 1741]. 

Social aspects of sustainability are supported by ISO 26000 Guidance on Social 

Responsibility and the SA 8000 Social Accountability Standard.  Leipziger (2009) 

investigated case studies in the use of the latter standard.  Environmental sustainability is 

supported by standards including the ISO 14000 Environmental Management series, BS 

16001 Energy Management, and latterly for products BS 8887 Design for Manufacture, 

Assembly, Disassembly and End-of-life processing (MADE).  ñNeither ISO 14000 or SA 8000 

is a product certification or product guarantee.  Both refer to the activities on site.  That is 

why the two standards may be suitable for corporate communications, but less so for product 

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 suppliers.  In these cases they become 

a pre-requisite for doing businessò [Belz and Peattie, 2009 p. 156]. 

2.2.2 Technical Product Realization 

BS 8887 is part of the Technical Product Realization (TPR) triumvirate of standards which 

includes BS 8888 Technical Product Specification (TPS) and the forthcoming BS 8889 

Technical Product Verification.  The relationship between these standards is represented by 

the Venn diagram in Figure 2.3:  Coverage between the Technical Product Realization 

Standards. 

None of the standards in the triumvirate should be taken in isolation, as together they support 

each other and there is some overlap in their content.  TPR is defined as a ñsystem facilitating 

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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requirementò [Griffiths, 2008 p. 22]. 

Since the withdrawal of BS 308 Engineering Drawing Practice, its replacement BS 8888 has 

been the definitive standard for TPS and engineering drawing [Macleod, 2007 p. 26].  

Developing a design concept into a functioning product requires the coordination of a 

sequence of disciplines including specification, manufacture and verification.  This should be 

achieved through the development of an unambiguous, correctly formatted, TPS [Griffiths, 

2008 p. 22].  BS 8888 specification will  ñfacilitate outsourcing, reduce time to market, 

improve material utilisation through better surface definition, increase the utilisation of 

technologically advanced equipment, improve market credibility and assist challenges to 

product qualityò [Simmons, 2006 p. 18].  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 product life cycle and informs the design process. 

Figure 2.3:  Coverage between the Technical Product Realization Standards [BS 8887-1, 

2006 p. 39] 
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2.2.3 BS 8887-1 Development 

The BSI subcommittee concerned with TPR is designated TDW/4/7.  BS 8887 is a 

progression from PD 6470 (1975) The Management of Design for Economic Production.  

This earlier publication focused on the óproductionisingô of designs and the importance of 

manufacturing economics.  The emphasis was on the efficient manufacture of piece-parts 

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

standard but with lesser status. 

For the new manufacturing standard it was decided to take a holistic view.  BS 8887 was 

given an equal emphasis on each stage of the product life cycle.  New material on DfA was 

included with reference to the work of Boothroyd et al., (1994) and importantly, advice on 

how to enhance designs for EoL processing was added [Griffiths, 2008b]. 

In industry, the terms DfM, DfA or Design for Manufacture and Assembly (DfMA) are 

commonly used.  For those concerned with the environmental performance of products and 

ensuring that products are suitable for reprocessing, the terms Design for Environment (DfE) 

and Design for Recycling or Reprocessing (DfR) are used.  The objective of DfR is to select 

appropriate materials and configure products so that they will be suitable for reuse, 

remanufacture or recovery [Xing et al., 2003 p. 150].  These terms are referred to collectively 

as DfX.  The BS 8887 term MADE, or DfMADE, is used with the distinction that it 

encompasses the whole product life cycle [Griffiths, 2008b]. 

The MADE acronym represents the four stages of piece part manufacture, assembling them 

together and how in some way at EoL they will be disassembled and processed in an 

appropriate manner.  MADE has however been criticised by some at TDW/4/7 committee 

meetings for not placing enough emphasis on the use phase which can have a significant 
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impact, especially with regard to energy consumption.  The standard should arguably place 

an equal emphasis upon this phase as it does the others, implying MAUDE as a more 

appropriate term.  Although the use phase is not expressly covered by the MADE acronym, 

BS 8887-1 does have some information on this in Annex C Life Cycle Considerations under 

C.4 Product Use. 

The development of BS 8887 could have been limited to producing an updated 

manufacturing standard.  Instead, it was decided to develop the MADE process with its 

broader scope and environmentally conscious approach to design.  BS 8887-1 structures the 

design process for the conversion of concepts into functional products that can be efficiently 

manufactured and that have a value at EoL.  The product development process detailed in BS 

8887-1 is an iterative one as each stage, especially design improvement, may be revisited 

many times [Griffiths, 2008a p. 23].  Significantly, by including sustainability considerations 

early in the design process, the BS 8887 series of standards should help to reduce the 

damaging impact of products [EIS, 2009 p. 20].  Post-consumer products should retain more 

of the original value invested in their development and manufacture. 

Using a diagram from Part 1 of the standard, the BS 8887 life cycle planning approach is 

represented schematically in Figure 2.4:  The Stages in the Life of a Product, Including the 

Three Routes of Part End-of-Life .  Following disassembly parts may be reused in their 

current form or, if necessary, they may be reworked to bring them back to the required 

condition.  Alternatively, material recovery may be most appropriate.  Another option, not 

specifically included in the diagram, is to use parts for a different use from their original 

purpose. 
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Approximately half of BS 8887-1 is concerned with conventional DfMA requirements; 

however, it is the DfD and EoL processing content that will be of particular interest to those 

developing SPD solutions. 

2.2.4 The BS 8887 Series 

The numerical structure of the BS 8887 series is defined in BS 8887-211 (p. 3) as follows: 

¶ Part 1 to Part 99 are general MADE standards. 

¶ Part 100 to Part 199 are related to DfMA . 

¶ Part 200 to Part 299 are related to DfD and Design for End-of-Life (DfEoL). 

BS 8887-1 (2006) is subtitled General Concepts, Processes and Requirements and is the first 

British Standard to address both design for efficient production and post-consumer product 

reprocessing, and is the entry standard to the BS 8887 series.  It is therefore general in nature 

and applicable to a wide range of manufactured goods.  Further parts of the standard continue 

to be developed to meet specific needs. 

The second standard in the series, BS 8887-2 (2009) subtitled Terms and Definitions clarifies 

Figure 2.4:  The Stages in the Life of a Product, Including the Three Routes of Part End-of-Life 

Processing [BS 8887-1, 2006 p. 14] 
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the differences between words such as reuse, repurpose, repair, refurbish, remanufacture, 

recycle, etc.  For the óMAô stages of MADE, the terms are well accepted and tend to be non-

contentious.  This is not the case for the óDEô parts as these are developing areas and many of 

the terms are new [Griffiths, 2008a p. 24].  The advantage of agreed upon terms and 

definitions is reduced ambiguity and misinterpretation in communication between design 

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

BS 8887-220 (2010) is subtitled The Process of Remanufacture ï Specification.  

Remanufacture is defined as:  ñreturn a used product to at least its original performance with 

a warranty that is equivalent or better than that of the newly manufactured productò [BS 

8887-2, 2009 p. 4].  This definition was developed from earlier Ph.D. research into the 

business and process of remanufacturing [Ijomah, 2002].  Remanufacturing enables lower 

cost, but high quality items to be supplied with reduced resource use and environmental 

impact [Walsh, 2009].  Of the possible EoL routes, remanufacture may be regarded as the 

most advanced option since the process brings used products back to as-new condition whilst 

retaining their embodied energy and geometrical form.  However, remanufacture does 

necessitate additional planning effort [Doh and Lee, 2009 p. 159]. 

BS 8887-240 (2011) is subtitled Reconditioning.  This term is synonymous with refurbishing 

and is defined as ñreturning a used product to a satisfactory working condition by rebuilding 

or repairing major components that are close to failure, even where there are no reported or 

apparent faults in those componentsò [BS 8887-240, 2011 p. 1].  As this Standard was 

adapted from the earlier remanufacturing standard BS 8887-220, it was it was relatively quick 

to develop. 

BS 8887-211 subtitled Remarketing of Computing Hardware is currently a standard in 
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development [BSI, 2011b] and, at the time of writing, is available as a Draft for Public 

Comment (DPC).  This standard is being developed in response to a request from an Original 

Equipment Manufacturer (OEM) in the electronics industry.  ñProposals for new and revised 

standards come from many sources but the largest proportion is from industryò [Simmons et 

al., 2009, p. 296]. 

Remarketed products can include items that have been remanufactured, refurbished, repaired, 

unopened returns or upgraded equipment, as well as used but functioning items which may 

enter a second or third use-cycle.  BS 8887-211 defines the terms for these various grades of 

remarketed computing equipment. 

TDW/4/7 has planned the BS 8887 series to include a general remarketing standard 

applicable to a broad spectrum of products, not limited to just computing equipment.  

Numerically this will precede the Remarketing of Computing Hardware standard although it 

will be developed later.  It will be designated BS 8887-210 and subtitled Remarketing of 

Products.  ñIn many instances customers prefer re-used over new equipment because the 

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

A further new part to the BS 8887 series has been proposed to provide designers with a 

framework for selecting appropriate strategies for EoL processing.  For example, heavy 

machinery may be well suited to remanufacture [e.g. Caterpillar Inc.,  2009], whereas the 

plastic casings of post-consumer electronic products may be ideal for recycling as 

demonstrated by the óReee Chairô [Pli Design, 2009].  In some instances design for 

biodegradability could be the best option as has been suggested for certain types of packaging 

[Davis and Song, 2006].  This new part of BS 8887 is likely to take the form of a series of 

decision trees and flow charts based upon a productôs material composition and will provide 
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route-maps through the DfMADE process [Griffiths, 2008 p. 24]. 

2.2.5 ISO 14000 ï Environmental Management 

The worldôs first QMS standard started as BS 5750 (1979) Quality Systems.  Specification for 

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

series it inspired.  ISO 9001 Quality Management Systems ï Requirements, specifies the 

stipulations and conditions against which companies can certify.  Following this, the worldôs 

first EMS standard, BS 7750 (1992) Specification for Environmental Management Systems, 

was published.  Subsequently, it was adopted internationally as ISO 14001 Environmental 

Management Systems.  Specification with Guidance for Use [BSI, 2009c]. 

ñInfluenced by the UK experience, a host of other countries, including Canada, Ireland, 

France, the Netherlands and South Africa, have developed their own national standards for 

EMS which are very similar to BS 7750ò [Fiksel, 1996 p. 30].  The main rationale for 

publishing ISO 14001 was to harmonise EMS standards and provide an internationally 

accepted system for pollution prevention and assurance [Delmas, 2002 p. 92]. 

The ISO 14000 series provides the framework necessary to develop an organizationôs EMS. 

From the findings of several studies it can be concluded that the coercive pressure of 

customers is a very important motivator in the implementation of EMS and QMS standards 

[Casadesús et al., 2008 p. 1742].  An EMS can be certified against the normative standard 

ISO 14001, which specifies the requirements to be met [González-Benito and González-

Benito, 2005 p. 135].  Similarly, companies can certify against the ISO 9001 part of the ISO 

9000 QMS series. 

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

environmental benefits.  Some companies also find the status helpful for marketing activities 
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[Charter and Tischner, 2001 p. 83].  Although, if ISO 14001 is only adopted for its marketing 

potential, it may not be the best investment [Sambasivan and Fei, 2008 pp. 1424-1425].  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 certified QMS.  So much so that in many instances ISO 9000 

certification has now become a sine qua non or prerequisite for winning business.  Industrial 

customers are reassured that their suppliersô quality practices are sufficient.  Therefore, the 

need to audit them carefully is reduced [Fiksel, 1996 p. 27].  Similarly, companies are aware 

that consumers are interested in the interactions between businesses and the environment.  As 

a result, ISO 14001 certification is now commercially beneficial [Sambasivan and Fei, 2007 

p. 1424].  The implementation of a certified ISO 14001 EMS can result in improvements in 

processes, products and services as well as reduced costs and higher profits [Seiffert 2008 

p1447]. 

EMSs develop best practice management through commitment to continual environmental 

improvement [Birkeland, 2002 p. 244].  This is the key concept of ISO 14001 [Brouwer and 

Van Koppen, 2006 p. 450].  It is defined as a "process of enhancing the environmental 

management system in order to achieve improvements in overall environmental performance 

consistent with the organization's environmental policy" [ISO 14001, 2004 p. 1]  It is 

achieved through the Plan Do Check Review cycle [Donnelly et al., 2004 p. 44; Brouwer and 

Van Koppen, 2006 p. 451]. 

The EUôs Eco Management and Audit Scheme (EMAS) can be used as an alternative to ISO 

14000.  Another option is for organizations to develop their own EMS.  These usually have 

greater focus on enhancing performance in areas of specific concern, rather than the more 
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procedural emphasis of ISO 14001 [Esty and Winston, 2009 p. 180].  Some organizations use 

their EMS to concentrate on ESD for their products [Charter and 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 [Fiksel, 1996 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 

quality issues are unwelcome, whereas environmental considerations are likely to add interest 

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

ñFirms complying with the ISO 14000 series of standards are required to evaluate the 

environmental performance of their suppliers.  In this way complying organizations pressure 

their suppliers to meet appropriate environmental standards, and these suppliers, in turn, 

pressure their suppliers to complyò [Charter and Tischner, 2001 pp. 284-5].  As a 

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 and Medium 

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

of pollutants they produce [Seiffert, 2008 p. 1459].  SMEs are responsible for a significant 

environmental burden [Frijns and Vliet, 1999 p. 981].  It is estimated that SMEs are 

responsible for up to 70% of pollution from industry [Hillary, 2004 p 561].  Another criticism 

of EMS is ñexcessive bureaucracy, focusing on processes rather than actual performance and 

ignoring the broader issues of sustainable developmentò [Charter and Tischner, 2001 p. 83]. 
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2.3 Environmental L egislation 

The European Union (EU) has developed a series of environmental and product-related 

framework legislation for its member states.  In the UK the EU Waste Framework Directive 

has been implemented in the form of the Environmental Protection Act (EPA) which is 

concerned with the regulation of waste management and pollution control.  Product related 

legislation affecting producers has also been developed.  For example, the Packaging and 

Packaging Waste 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, and that any waste 

should be non-hazardous [Howarth, 2004 p. 12].  When the process of developing BS 8887-1 

began, legal requirements such as these, and the take-back legislation, and particularly the 

Waste Electrical and Electronic Equipment (WEEE) directive were significant influences 

causing changes in manufacturing design practice [Griffiths, 2003 p. 4]. 

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

companyôs philosophy [McAloone, 2000 p. 130]. Compliance is essential to avoid penalties 

and remain attractive within the market.  Legislation is the óblunt instrumentô used by 

governments to move business in a required direction.  The EU product directives 

encompass:  WEEE; End-of-Life Vehicles - Producer Responsibility (ELV); Packaging and 

Packaging Waste; Restriction of the Use of Certain Hazardous Substances in Electrical and 

Electronic Equipment (RoHS); Eco-design Requirements for Energy-using Products (EuP); 

Waste Batteries and Accumulators Regulations; Registration, Evaluation, Authorisation and 

restriction of CHemicals (REACH); as well as ISO standards covering management, design, 

Life Cycle Assessment (LCA) and labelling [Humphries-Smith, 2010 p. 12]. 
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The EPR approach puts pressure on firms by making them responsible for their products at 

EoL [Bereketli et al., 2009 p. 214].  Thus EPR legislation is causing producers to plan their 

products with consideration for reducing negative environmental impact, designing for 

reprocessing and funding the treatment of volumes of waste equivalent to the amount of new 

product they place on the market. These legislative advances are necessary since a purely 

voluntary approach would probably fail to achieve broad implementation of eco-design 

[Tukker et al., 2001 p. 160]. 

ñThe stick has worked well, but the stick is also getting bigger and heavierò [Fuad-Luke, 

2008 p. 24].  Environmental regulations in Europe are expected to become steadily more 

demanding, thus making it necessary for firms to anticipate future legislation and plan EoL 

product processing strategies early in NPD [Gehin et al., 2008 p. 567].  For instance, the EU 

Landfill Directive (1999) promotes the diversion of waste towards recycling.  In particular, 

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 EU directive on Energy Labelling of Household Washing Machines, implemented from 

1996 onwards, has led to significant efficiency improvements, to the extent that most 

currently available models are A-rated [Devoldere et al., 2009 p. 269].  When these products, 

classified under WEEE as óLarge household appliancesô, reach the end of their useful 

working lives they will usually be recycled, but the householder will often have to pay a 

collection charge. 

Both legislation and consumer pressure are influencing producers to develop product take-

back systems.  In some instances these can also be profitable [Rose et al., 2001 p. 186].  SPD 

is now seen as so essential for society, that it is being supported by government, and 
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legislation is forcing manufacturers to take responsibility for their products at the post-

consumer stage [Griffiths, 2008b].  ñThe emphasis has shifted from a vague intention that 

products can be recycled to the obligation that it is recycledò [Holdway and Walker, 2004 p. 

7]. 

The Integrated Product Policy (IPP) [European Commission, 2003] outlines the approach 

taken by the EU [Howarth 2004 p12].  This introduces measures to improve product 

environmental performance including:  materials extraction, manufacture, transport, use and 

disposal.  The IPP attempts to stimulate each of these stages, particularly those that will have 

the greatest positive effect.  To achieve this, a variety of tools are used, including:  substance 

bans; voluntary agreements; environmental labelling; and design 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 [Tukker et al., 2001 p. 160], 

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

the equivalent of admitting that ñif I could have made it worse I would haveò. It has been 

argued that by anticipating legislation and exceeding the legal minimum requirements, 

businesses have a strategic advantage that puts them ahead of the competition [Thorpe, 2007 

p. 71].  Design education and training is of primary importance.  Meeting 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 

ómore stuffô, to an approach that embraces óolder valuesô of maintaining products and 

keeping them in service for as long as is practically possible [Humphries-Smith, 2010 p. 12]. 

It has been assumed that OEMs will produce more sustainable products if they are required to 

handle them at EoL.  EU regulations have been developed based upon this premise, with the 
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intention of reducing the build-up of toxic material in the environment.  For example, the 

WEEE directive actively encourages designers to think about recycling and product 

reprocessing at the design stage [Gehin et al., 2008 p. 567]. 

BS 8887-1 references the EuP, WEEE, RoHS, and, ELV legislation, each of which is 

discussed in the following subsections. 

2.3.1 Eco-design of Energy Using Products (EuP) Directive 

The EuP Directive is intended to improve the energy efficiency of manufactured goods 

[DEFRA, 2007].  It refers to aspects of the product life cycle including embodied energy, 

packaging, transport, distribution, use and energy for EoL processing [Fuad-Luke, 2008 p. 

24].  The aims of the directive include:  ensuring the free trade of EuPs between the member 

states; improving the environmental performance of these goods; reducing energy demand 

and enhancing the EUôs economy whilst preserving the interests of industry and consumers 

[Bereketli et al., 2009 p. 213]. 

2.3.2 Waste Electrical and Electronic Equipment (WEEE) Directive 

Waste electronic products are particularly problematic in the environment as they typically 

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 cancers as well as reproductive, neurological and developmental disorders.  

Children are particularly vulnerable [Bereketli et al., 2009 p. 215].  Electronics is now the 

fastest growing type of waste, increasing at about 8% per year.  To address this, the WEEE 

directive forces the recycling of EEE with producers covering the costs [Holdway and 

Walker, 2004 p. 7]. 

Under WEEE the term óproducersô includes importers, re-branders and manufacturers of 
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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 both ESD 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 promote waste avoidance [Zuidwijk and Krikke, 2008 p. 

1216] 

Since the regulations came into force, thousands of companies have registered with 

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 

placed on the market disclosed, along with whether it is for domestic or commercial use 

[Harding, 2008 pp. 26-28].  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 products on the EU market must now carry the wheelie bin logo [IED, 2006 p. 

27], as defined in BS 50419 Marking of Electrical and Electronic Equipment, and shown in 

Figure 2.5:  WEEE ï Crossed Out Wheelie Bin Logo 

The purpose of the RoHS legislation is to reduce the use of toxic materials in products 

Figure 2.5:  WEEE ï Crossed Out Wheelie Bin Logo (Detailed in BS 50419) 
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[Holdway and Walker, 2004 p. 7].  The legislation restricts the use of six hazardous 

substances:  Lead; Mercury; Cadmium; Hexavalent Chromium; Polybrominated Biphenyls 

and Polybrominated diphenyl ethers.  As well as preventing pollution from electronic product 

waste, RoHS protects workers from the occupational hazards associated 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 dispensers e.g. vending and Automated Teller 

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 replacement parts for equipment that was on the market 

before July 2006 [IED, 2006 pp. 28-29]. 

2.3.3 End-of-Life Vehicle (ELV) Directive 

The ELV directive aims to increase recovery of vehicles at EoL and improve automotive 

environmental performance by promoting collection, reuse and recycling.  The directive 

requires manufacturers and their suppliers to reduce the use of hazardous substances, as well 

as to design for disassembly, reuse, recovery and recycling.  It also requires increased use of 

recycled materials and that components do not contain mercury, hexavalent chromium, 

cadmium or lead [Europa, 2010]. 

2.4 Literature Review Summary 

Standards organizations are 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 design and product life cycle 

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

Changes in the law and customer preference are forcing companies to act in more 

environmentally benign ways and to address sustainability in product design.  The EU and 

the British Government have introduced EPR legislation designed to protect ecosystems, 

human health and long-term economic prosperity.  BS 8887 has been planned, at least in part, 

to support design and manufacturing companies in complying with EPR legislation.  Until 

now, the influence of this standard has not been researched. 

2.5 Research Questions  

This study seeks to answer the following research questions: 

¶ What types of organizations are buying BS 8887-1? 

¶ Are there examples of BS 8887-1 being used commercially? 

¶ Can BS 8887-1 contribute to profit? 

¶ What are the implications of BS 8887-1 regarding product disposal? 

¶ How and why has BS 8887-1 been integrated into the design process? 

Before attempting to answer these, it is necessary to chose appropriate research methods.  In 

the next chapter, methods which could be used for this research are evaluated and the most 

appropriate selected. 

2.6 Originality  

Novel aspects of this research include: 

¶ The first investigation into the distribution of BS 8887-1 

¶ The first investigation into the use of BS 8887-1 
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¶ The first investigation into a national standard where the study has combined a 

quantitative SIC analysis of all known customers and an extensive qualitative field 

investigation with the same user group 

¶ The development of new design process and product management models 
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CHAPTER 3 Methods Review 

Prior to the commencement of the research phase of this project, a review of established 

methods was undertaken.  The purpose of the review was to find and select the most suitable 

research methods that would yield the richest, most valuable and representative information 

possible given the subject of the investigation.  This chapter explores the various research 

methods considered for use in support of the study.  Concepts described are based on 

published sources, and the most relevant and practical methods for investigating the use of 

BS 8887-1 are identified. 

3.1 Qualitative and Quantitative Research 

Conventional scientific investigation uses quantitative methods to measure objective 

properties.  Qualitative research is usually more exploratory and reflexive, relying upon 

subjective properties and drawing on the traditions of the social sciences.  It is often argued 

that qualitative research opposes the positivism of quantitative research.  Quantitative 

research is concerned with counting.  Statistical analysis tells us how many, what percentage, 

and how valid the sample is in representing the whole.  Whereas qualitative research allows 

flexibility and the option to adjust the research methods reactively rather than just following a 

rigid step-by-step predetermined sequence [Holliday, 2002 pp. 2-8].  These two approaches 

are described by Brett Davies (2007 p. 26) as follows: 

ñQuantitative research requires imagination, patience and discipline at the planning 

and design stages; data collection may present technical problems and requires 

tenacity but is often straightforward; the tasks of data analysis and write-up are 

largely, although not entirely, determined by the way the project was set up.ò 

ñQualitative research requires careful thought at the outset; it demands mental 



 

42 

 

agility, flexibility and alertness during data collection; it calls for advanced skills in 

data management and text-driven creativity during the analysis and write-up.ò 

For comparison, the Pocket Oxford Dictionary provides the following concise definitions: 

ñQuantitative:  Concerned with, measured or measurable by, quantity.ò 

ñQualitative:  Concerned with or depending on quality.ò 

Research design should be governed by fitness for purpose i.e. the purpose of the research 

should determine the methodology and research design.  For this investigation the Research 

Questions listed in Section 2.5 determined the selection of methods.  This study uses both 

quantitative and qualitative techniques.  The initial study into which industry sectors might be 

using BS 8887-1 required a quantitative method to enable an accurate assessment of the 

numbers of different types of organizations in the data-set.  Whereas the study into how BS 

8887 has been used in industry required a qualitative approach to explore the motivations and 

methods of users of the standard. 

At the time when this investigation began, it was unknown whether or not BS 8887-1 had 

been used.  As the standard covers a broad remit of industrial design and manufacturing 

issues, there are potentially many reasons why an organization might be interested in it.  The 

exploratory qualitative research enabled a rich picture to emerge of the varied reasons why 

organizations use the standard. 

3.2 Research Purpose 

Prior to engaging in a research project it is necessary to determine the objectives of the work.  

Six purposes for research, suggested by Denscombe (2002 pp. 26-28), are summarized below 

in Sections 3.2.1 - 3.2.6 and each is discussed in relation to this thesis. 
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3.2.1 Forecasting an Outcome 

Scientific enquiry often uses the positivistic approach of forecasting an outcome.  Predictions 

are made on the basis of existing knowledge and theories, with the purpose of arriving at 

useful conclusions.  This was the underlying premise behind the study presented in 

CHAPTER 4:  Distribution of BS 8887.  It was hypothesized that product-related 

environmental legislation would stimulate orders for BS 8887-1 from the industry sectors 

most directly affected.  This idea was subsequently tested through a numerical investigation. 

3.2.2 Explaining Causes or Consequences 

This is concerned with developing an understanding of why things happen as they do.  The 

research presented here explains the causes or reasons that have led organizations to acquire 

BS 8887-1.  Some of the consequences of developing product designs and businesses models 

that include concepts forwarded by the standard were also investigated. 

3.2.3 Criticism or Evaluation 

Most research projects have an element of criticism or evaluation.  For some it will be the 

focus or raison dô°tre.  The value of one thing or explanation will often be compared with 

another.  CHAPTER 7 discusses and evaluates the content of BS 8887-1 and contrasts it with 

the views and opinions of those that have used the standard or considered it for use.  Some 

negative comments regarding BS 8887-1 and product reprocessing are dealt with in Section 

7.4:  Criticisms of BS 8887 and Closed-loop Production.  The purpose of seeking criticism of 

the standard was to determine where there may be opportunities for future development and 

improvement. 

3.2.4 Exploration and Description 

The main purpose of a research investigation can be to discover new information by reporting 
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on situations and events as they are, rather than how they will be or should be.  Situations are 

evaluated without deliberately changing them. 

The majority of this research is concerned with exploration and description.  Both the 

quantitative and qualitative aspects of this thesis describe what has happened with BS 8887-1 

since its publication.  The influences that led people to the standard have been investigated.  

Asking design practitioners in companies about these has helped to explain why uptake in 

certain sectors has been relatively strong.  A relationship therefore exists between the 

qualitative and quantitative elements, with the qualitative field research helping to explain the 

findings of the earlier quantitative desk based research.  

3.2.5 Developing Best Practice 

The development of best practice is a form of applied research that is particularly appropriate 

to finding good solutions to procedural problems.  It is especially relevant to businesses and 

other types of organizations.  Action research can be part of this approach when there is a 

requirement to improve a working environment, or the processes used within it.  The need 

will then drive the research agenda. 

Action research would not fulfil the purpose of this investigation as the objective was to 

describe the situation as it is, rather than to change it.  Good practice in engineering and 

design is one of the major themes of this thesis. 

3.2.6 Empowerment 

Social research investigators conventionally refer to people as subjects.  The empowerment 

approach is more collaborative with the intention of helping those involved and not just the 

researcher.  Therefore the researcher no longer maintains neutrality and objectivity. 
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It is likely that as a result of being involved with this research project subjects, or participants 

as they are referred to here, will have read and considered the standard in greater depth than 

they otherwise would have done.  Some participants stated that they would increase their use 

of it as a result.  Whilst this was not the purpose of contacting them, it is an additional and 

positive outcome. 

3.2.7 Research Purpose Summary 

The main purpose of the initial SIC Study was to investigate the theory that uptake of BS 

8887-1 will be highest in industry sectors targeted by EPR legislation. 

For the qualitative research, the purpose was to explore and describe how and why BS 8887-1 

has been used in industry and academia, to explain what causes have led organizations to 

acquire the standard, as well as to criticise and evaluate it based on comment from users. 

The dissemination of information from these studies through conference and journal papers 

has stimulated interest in BS 8887.  This is known from feedback received, particularly in 

relation to papers from this research published in The Journal of the Institution of 

Engineering Designers. 

3.3 Research Methods 

A research method is a technique for data collection or information gathering e.g. interviews 

and questionnaires, whereas methodology has a more philosophical meaning [Blaxter et al., 

1996 p. 59] originally from the Greek term methodos meaning the road towards knowledge.  

ñMethodology is concerned with the logic of scientific enquiry; in particular with 

investigating the potentialities and limitations of particular techniques or proceduresò [Grix, 

2004 pp. 30-32]. 
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3.3.1 Macro-Methods 

The numerous research methods can be divided into broad categories of surveys, 

experiments, and case studies [Yin , 1989 p. 13]. 

3.3.1.1 Surveys 

Surveying is a ñmethod of collecting information by asking a set of pre-formulated questions 

in a predetermined sequence in a structured questionnaire to a sample of individuals, drawn 

so as to be representative of a defined populationò [Hutton, 1990 p. 8].  Survey research does 

not necessarily have to be based on questionnaires.  In-depth 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 quantitative or qualitative.  Quantitative surveys are concerned with 

numerical data and the relationship between variables, whereas qualitative surveys ask open-

ended questions requiring explanations from the respondent [Punch, 2003 pp. 1-2].  The use 

of a qualitative semi-structured interview survey technique was a more appropriate choice 

than a quantitative survey as the purpose was to explore in detail how and why BS 8887-1 

had been used.  The objectives were concerned with both description and explanation.  

Descriptive research aims to determine what is happening whereas explanatory surveys 

attempt to account for the phenomena they describe [de Vaus, 2002 p. 173].  This 

investigation features elements of both, in that evidence from the research describes a number 

of ways in which the standard has been used whilst also exploring the underlying reasons. 

The participants interviewed for this survey share in common the fact that they were all 

known to have accessed BS 8887-1.  The sample size was the maximum possible whilst 

limiting the research to UK organizations that had not objected to being contacted in 
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connection with this work.  Given that the standard has only been published since 2006, and 

that only a few hundred copies of it have been distributed, a random sampling method was 

not considered appropriate.  Instead, the sample comprised a representative from every 

suitable organization where an appropriate person was willin g to participate.  This method 

raised the probability of finding interesting examples of the standardôs use and generated a 

wealth of qualitative information. 

3.3.1.2 Experiments 

Experiments generally require a control against which to compare a test sample.  The 

underlying concept is that observable differences between the control and the test subject can 

be attributed to the difference in treatment.  ñIndependent variables are those that are 

systematically altered by the experimenter.  Those items that are affected by the experimental 

treatment are the dependent variablesò [Sommer and Sommer, 1991 p. 94]. 

Experiments in the application of BS 8887-1 and its influence on design have not featured in 

this research as the purpose was to examine the standardôs actual use in industry, rather than 

to artificially create an experimental situation.  This was a real world investigation. 

3.3.1.3 Case Studies 

The strength of the case study is its tight focus on a specific instance or situation enabling the 

identification of óinteractive processesô [Bell, 1999 pp. 10-11].  ñIn general, case studies are 

the preferred strategy when óhowô or ówhyô questions are being posed, when the investigator 

has little control over events, and when the focus is on a contemporary phenomenon within 

some real-life contextò [Yin, 2003 p. 1]. 

One of the characteristics of case study research is the use of multiple sources of information 

concerned with a single person, group, phenomenon or event.  These sources of evidence can 



 

48 

 

include, but are not limited to, documents, archival records, interviews, direct observation, 

participant observation and physical artefacts [Yin, 2003 p. 83].  The use of multiple sources 

of information, concerned with the subject of the research, enables the researcher to 

triangulate their findings. 

The term triangulate, originally used to describe a method of finding oneôs position on a 

map, has been adopted into the vocabulary of social science researchers.  Multiple different 

types of information relating to the same situation can be combined to create a more accurate 

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

multiple perceptions of the same phenomenon [Stake, 1994 p. 241]. 

Building a more complete description of a particular phenomena in this way can 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 use of information from multiple participants and 

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

During the field research, case studies in the application of BS 8887-1 were developed.  

While these were largely investigated through interviews, there were instances where 

additional documentary evidence was helpful, see Section 3.3.2.5:  Documents. 

3.3.2 Micro-Methods 

There are numerous methods and variations on methods tailored to the needs of specific types 

of research.  Rather than attempting an exhaustive review, this section is limited to a 

discussion of the micro-methods used, or considered for use, in support of this research. 

NB:  Experiments can be considered as both macro-methods and micro-methods.  They are 
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discussed in Section 3.3.1.2:  Experiments.  Experimental methods would not have been 

appropriate for investigating the reality of the situation with regard to the use of a standard in 

industry.  Therefore no further discussion of them is made. 

3.3.2.1 Literature Review 

A research contribution is normally set in the context of othersô work in the relevant field 

[Grix, 2004 p. 39].  Conducting a literature review requires the investigation and the 

consideration of previous work in the same, or closely related, areas.  The major part of this 

activity takes place early in the research process.  It is also necessary to update the review as 

the research progresses [Brett Davies, 2007 pp. 38-39]. 

The literature review for this thesis was initially written as a set of notes that were later 

developed into a coherent piece of writing and published as a journal paper.  The transition 

between being a set of notes and an organised review was assisted by use of use of the NVivo 

software.  This software was primarily used for managing the interview transcripts; see 

Section 3.5:  Qualitative Research and Analysis Method.  The version presented here in 

CHAPTER 2:  Literature Review is based on the published paper but has now been further 

updated. 

The purpose of the review ñis to locate the present study in relation to the relevant literature 

and to show how it contributes to that literature.  It normally constitutes a separate chapter ... 

and also provides themes for the consideration and interpretation of the surveyôs findingsò 

[Punch, 2003 pp. 75ï76].  It identifies an opportunity to fill a gap in knowledge thereby 

justifying the contribution made by the research undertaken [Grix, 2004 p. 39].  The literature 

review material presented here places this study in the context of current environmental 

challenges, the associated legislative situation and othersô work in the field.  It also tells the 
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story of the development of BS 8887 and highlights the lack of previous research into its use 

in practice. 

The process of writing a literature review can be helpful in focussing a study.  However, in 

qualitative research it may introduce bias into the researcherôs thinking and reduce openness 

to emergent ideas [Patton, 1990 p. 163].  An additional danger is that the researcher will 

influence participants in light of knowledge and ideas gained from published works.  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 develop theories 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 approach a 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 ethnographic study Section 

3.3.2.4:  Ethnography.  As this research was based on semi-structured interviews, the 

questions were largely predetermined. 

3.3.2.3 Observation 

The techniques for observation research are either participatory or non-participatory.  In 

participatory observation the researcher interacts with the subjects whereas in non-

participatory research he takes a passive role.  These techniques are commonly used in 

qualitative, ethnographic and anthropological studies.  Gaining access to the relevant suitable 

subjects can be challenging.  In non-participatory observation research, the researcher must 
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be careful not to influence the actions of those that he observes.  Notes taken by the 

researcher whilst observing a scene or reviewing a video recording of it provide the 

information for later analysis [Grix, 2004 pp. 129-130]. 

Observation techniques were considered unsuitable for this work as they may not necessarily 

explain the motive or purpose of a designerôs actions or his methodological approach.  

Practical difficulties in having access to working designers for extended periods were 

anticipated.  Therefore observation techniques were considered inappropriate. 

3.3.2.4 Ethnography 

ñEthnographic research is a form of participant observation in which the emphasis is on the 

recording of details about the object of study in its cultural settingò [Brett Davis, 2007 p. 30].  

It is one of the core methods in social anthropology [Brett Davis, 2007 p. 168].  Ethnography 

is sometimes referred to as ógoing nativeô. 

The ethnographic approach commonly requires the researcher to spend extended periods 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 behaviour of those he is studying.  He 

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

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

An ethnographer can combine additional techniques including naturalistic and participant 

observation, document analysis and interviewing to acquire insight into the context of the 

situation being researched [Shaughnessy et al., 2000 p. 100]. 

If an ethnographic method of investigation had been used, the information collected may 



 

52 

 

have been deeper but would be limited to fewer organizations.  The research questions might 

have needed to be adjusted from their focus on a single British Standard.  Most of the direct 

research for the case studies here was conducted within single visits lasting a maximum of a 

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

3.3.2.5 Documents 

Case studies can be based on the results of practical research or on documentary evidence.  

Documents can include letters, memoranda, 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 and so are not influenced by it and can cover long periods [Yin, 2003 pp. 85-86].  

However, gaining access to the required information, especially if it is of a particularly 

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

Some of the e-mail communications with participants, or potential participants, were useful 

because they provided additional insight into why BS 8887-1 has been used or why it has 

been rejected for use.  It was also a frequent occurrence to be given a variety of documents, 

mainly sales literature, by participants at the companies visited.  These documents provided 

additional context and background to the case studies.  All electronic documentation relating 

to the study was imported into NVivo and processed in the same way as the transcripts.   

For Section 8.2.2:  MADE with Advanced Product Quality Planning additional 

documentation was requested after the initial interview.  Permission was granted to publish a 

portion of this in an anonymous form, see Figure 8.1:  Phase-3 Part of a Companyôs Design 

Freeze APQP Flowchart.  Unfortunately, this was not possible for Section 8.2.4:  MADE with 

House of Quality. 



 

53 

 

3.3.2.6 Workshops and Focus Groups 

With these techniques the researcher becomes a facilitator rather than an interviewer [Punch, 

2000 p. 177].  An interviewer would ask questions directly whereas a facilitatorôs job is to 

guide a discussion or an activity 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 

discussion among themselves thus exploring the topic more deeply and in unexpected 

directions.  ñAlthough group interviews may sometimes be appropriate, there is a real danger 

that you will obtain less information and achieve less rapport when more than one person is 

included in the same interviewò [Hickman and Longman, 1994 p. 56].  Managed well, group 

discussions and focus groups can be very time-efficient for the researcher as contributions 

from multiple individuals can be gathered in a relatively short time period.  Another 

advantage of workshops or focus groups is that the participants will have been selected for 

their knowledge of or experience in the research topic and can form a panel of experts on the 

subject [Blumer, 1969 cited in Patton, 1990 pp. 75-76].   

Focus groups were not appropriate for this research because of the geographic distances 

between the relevant organizations; see Figure 4.4:  Geographical Distribution in the British 

Isles.  To make up a suitable group, people that work in these organizations and use BS 8887-

1 would be required.  This geographic problem could arguably be overcome by the creation 

of an online forum.  However face-to-face interviewing was considered most likely to 

achieve the required depth and focus. 

There were several instances during meetings with industry practitioners, where two or even 

three people became involved and contributed to the discussion.  This was invariably at the 

request of the principal participant who would call upon colleagues who 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 way.  This method may be relevant to testing ideas 

outlined in Section 9.5:  Further Research. 

3.3.2.7 Quantitative Questionnaires 

Questionnaires can be conducted face-to-face, over the telephone, through the post or e-mail 

or with purpose-made software accessible online.  Benefits of quantitative questionnaires 

include reliability and repeatability.  Responses to questions put to a community should be 

similar irrespective of who is asking them.  Another advantage of this type of survey is that 

the method is suitable for asking the opinions of many people relatively quickly.  For data 

collection, closed questions that generate a óYes or Noô, óOn a scale of 1-5ô or óin which 

category A B or C ...ô type of response are likely to be an ideal format.  Results can be 

processed statistically and represented graphically.  However a disadvantage to this method is 

that ñrespondents must fit their experiences and feelings into the researcherôs categories.ò 

[Hughes, 2002 p. 211]. 

3.3.2.8 Qualitative Questionnaires 

A questionnaire can ask open-ended questions requiring descriptive answers.  Responses can 

be spoken and noted by the researcher, recorded for later transcription or written by the 

participant.  However, ñthe use of 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 immediate opportunity to clarify itò 

[Hickman and Longman, 1994 p. 150]. 

For this research a questionnaire could have been used but would have lacked the benefit of 
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flexibility to explore participantôs responses more deeply, therefore prescriptive 

questionnaires were not used.  Also, it is unlikely that many working design professionals 

would be willing to find time to complete answers to a series of qualitative questions in a 

detailed text-based manner.  It is much easier and faster for them if they can explain their 

experiences and ideas verbally. 

3.3.2.9 Structured Interviews 

Using this method, a set of questions is written and ordered in advance of the interview 

process.  This approach has the advantage that the questions are delivered consistently and 

the wording can be carefully considered beforehand.  Every participant 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 missed.  But there is little flexibility 

to adapt to individual circumstances [Hughes, 2002 p. 211].  As with the semi-structured 

interview method used, participant responses can be captured with recording equipment or 

note taking for later processing and analysis. 

3.3.2.10 Semi-structured Interviews 

This was the selected method of investigation. Themes for discussions were prepared in 

advance, ensuring that the interviews were reasonably consistent and covered the relevant 

topics while allowing flexibility to explore issues more deeply.  Additionally, questions could 

be re-phrased or clarified as required and, as interesting ideas were expressed by the 

participant further detail and elaboration could be sought.  Participants were also able to 

influence the agenda and raise issues during discussion. 
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3.4 Data Analysis 

3.4.1 Quantitative Data Analysis (Standard Industrial Classification Study) 

The SIC system is used to classify businesses and other organizations according to their 

activities [ONS, 2008].  This makes it possible to analyse and display industry or sector 

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 industries.  SIC analysis has 

been used in this thesis to investigate the types of organizations that have bought BS 8887-1.  

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 the SIC study, a graphical approach 

was adopted.  A combination of graphs, pie-charts, multi-level pie-charts, histograms and 

other graphics was used.  Together these illustrate some of the quantifiable group 

characteristics of the organizations interested in BS 8887-1 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 other organizations that bought BS 

8887-1, a substantial body of information was created i.e. typed transcripts of meetings, notes 

on meetings and other correspondence.  Managing and analysing this was assisted by the use 

of Qualitative Solutions and Research (QSR) NVivo software.  This computer program was 

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

at a discounted rate.  In addition to having the Universityôs support, the software was also 

recommended in a review including other alternatives [McAloone, 2000 p. 46].  In this earlier 

review it was referred to under its former name Non-Numerical Unstructured Data Indexing 

Searching and Theorising (NUD.IST).  The NVivo software is designed to assist in managing 
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and querying information, and authoring reports using imported content. 

3.5 Qualitative Research and Analysis Method 

Having chosen a qualitative semi-structured interview based research method to investigate 

the use of BS 8887-1, organizations using it were contacted and invited to participate.  With 

their customersô consent, BSI provided the contact details.  The occupations of respondents 

included:  design; quality management; engineering; production; drafting; management and 

teaching.  The common link was that they all had design related jobs and had ordered, 

electronically downloaded or otherwise had access to BS 8887-1. 

Initially the BSI committee manager responsible for the BS 8887 series e-mailed customers 

that had the standard, to request permission to allow a third party to contact them for research 

purposes.  In total permission was given to contact 83 organizations.  A decision to limit the 

research to the UK excluded three of these as they were overseas companies; a standard letter 

was then sent to relevant people at each organization; 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 2010.  Where possible the interviews comprised face-to-face 

meetings.  Generally these yielded more in-depth information than telephone discussions.  In 

many instances, the order for BS 8887-1 had originated from the person interviewed.  A 

series of open-ended questions was written for use as prompts.  For the main study, the 

number of questions was reduced following experience gained during pilot study. 

Before each meeting commenced, permission was requested to allow the use of a digital 

voice recorder.  Where recording was prohibited, extensive hand-written notes were taken 
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instead. 

Edited transcripts meetings were subsequently typed and forwarded to those concerned, to 

make sure that they were accurate.  In several instances, commercially sensitive content was 

removed at this stage.  The information collection and analysis method is illustrated in Figure 

3.1:  Qualitative Research Process.  Example edited transcripts are given in Appendix 4 and 

5. 

Use of the NVivo qualitative data analysis software simplified searching multiple documents 

for information relating to each topic.  It was also helpful in clustering related information 

from each of the participants. 

 

Prepare Questions
Semi-structured 

Interviews
Transcribe Data Analysis

 

Figure 3.1:  Qualitative Research Process 
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The information generated from the research was coded at appropriately named nodes.  A 

sentence or paragraph that was relevant to more than one subject would be coded at multiple 

nodes.  This concept is illustrated in Figure 3.2:  Coding Qualitative Information at Nodes.  

Information, once arranged thematically can be used to support the argument of a study 

[Holliday, 2002 p. 98]. 

 

Interview 3

Interview 2

Interview 1

Code B

Code C

Code A

 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 of information that enabled the efficient comparison of related 

statements from multiple sources.  A danger of arranging text from verbatim transcripts 

thematically is that statements can be taken out of context, preceding or subsequent sentences 

that might present a fuller picture could be edited out in order to support or counter an 

argument.  In this thesis, care has been taken to not to change the meaning or emphasis of 

statements through the editing process. 

Figure 3.3:  NVivo Screenshot of Project Nodes 
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Figure 3.3:  NVivo Screenshot of Project Nodes illustrates the breadth of the topics covered.  

Once a quotation or idea from the interviews had appeared in published work, it was coded at 

the node óUsedô and un-coded at all other nodes, thus preventing it from being included in 

future papers.  To ensure rigour, some of the statements made and opinions expressed have 

been cross-referenced with published sources. 

3.5.1 Limitations 

Despite the benefits of the semi-structured interview method and its appropriateness for the 

research topic, there were some disadvantages.  The most labour-intensive part of the process 

was transcribing hours of audio recording.  Most of this transcribed text has not been used; 

therefore the technique is arguably inefficient. 

Academic criticisms of the method include the potential for the interviewer to lead or 

influence the participant to answer in a particular way resulting in biased responses.  Care 

was taken to avoid this.  There is also the difficulty of comparing comments made during 

different interviews where the context of the discussion may not have been the same.  Other 

disadvantages of semi-structured interviews include excessive reliance on the quality of the 

participantsô responses, knowledge and experience.  This was minimised through good 

research design, particularly the selection of appropriate personnel for interview and the use 

of authoritative published sources to check facts. 

3.6 Research Ethics  

Prior to the commencement of the investigation, it was a necessary regulatory requirement to 

obtain approval from Brunel Universityôs School of Engineering and Design Ethics 

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 Principle of Informed Consent 

Individuals being interviewed for the industrial survey were given a Participant Information 

Sheet and were asked to sign an Informed Consent Form.  Examples of these documents are 

given in Appendix 2: and Appendix 3: respectively.  The participant's right to withdraw from 

the study at any time was made clear.  Institutional affiliations were indicated by the use of 

the Brunel University and BSI logos on the paperwork. 

3.6.2 Participant Anonymity 

It was anticipated that if participants knew they could talk candidly about their views and 

experiences with neither themselves nor their organizations being named, this would be an 

advantage for the research, as well as being an ethical obligation.  When participants were 

asked about this, without exception they preferred to remain anonymous.  It was also stressed 

by BSI, and a condition of having sight of their BS 8887-1 distribution data, that the names of 

their customers must not be identified in research publications.  Additionally, the participants 

were not necessarily authorised spokespersons for their employers. 
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CHAPTER 4 Distribution of BS 8887-1 

4.1 Rationale 

To evaluate the justification 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 for the standard, types of organizations that may be using it and 

factors that may have influenced them. 

4.2 Hypotheses 

Prior to commencement of this research, hypotheses were proposed for investigation.  These 

have been summarised below: 

¶ The recent introduction of product-related environmental legislation may have 

stimulated sales of BS 8887-1. 

¶ As BSI is the UKôs National Standards Body (NSB), the distribution of BS 

8887-1 may be strongest in its home country. 

¶ Age and size may not be a major factor in determining the types of companies 

that access BS 8887-1 as they will all be influenced by current legislation and market 

demand. 

¶ Design and manufacturing companies that have an accredited ISO EMS may 

be more likely to use BS 8887-1 as they have shown commitment to both standards 

compliance and the environment. 

This investigation into these hypotheses is part of the novelty and contribution of this thesis. 

Recent legislation planned to reduce the impact of electronic products includes EuP, WEEE 

and RoHS, all of which are referenced in BS 8887-1.  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 p. 1369]. 

Corporate environmental concern usually starts with regulatory compliance [Gehin et al., 

2008 p. 569].  The WEEE directive promotes reuse and recycling of waste consumer products 

with high targets of 75ï85% [Howarth, 2004 p. 12].  BS 8887-1 specifies the design 

requirements necessary to facilitate efficient reprocessing of post-consumer goods.  It is 

possible that the WEEE directive may have prompted some electronics producers to purchase 

or access the standard.  If this is the case, then its influence may be apparent in the sales and 

online download data. 

4.3 Method 

BSI has supported this study by providing data on BS 8887-1 which contained sales figures 

for the standard from its publication at the end of October 2006 until July 2008.  It showed 

that 117 copies had been distributed.  Of these, 114 had been sold 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 the months 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 

Figure 4.1:  Sales Graph. 

The second data-set from BSI showed sales until March 2009.  This listed a further four new 

entries; however, they were undated and so are not represented in Figure 4.1.  A third list 

with contact details for organizations that had agreed to participate in the next phase of this 

research showed two more orders for purchase of the standard.  New entries from these 

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 

Standards Online (BSOL).  When this study commenced, data relating to BS 8887-1 

downloads was unavailable.  The BSOL system has since been improved so that download 

data is now logged for all BSI publications.  Data relating to BS 8887-1 downloads from 

BSOL between August 2008 and August 2009 has been included here, and merged with the 

information on hard copy sales.  The lists were combined and repeat orders and downloads 

were eliminated leaving 192 unique entries.  This data was processed as a spreadsheet. 

4.3.1 Adding to the data-set 

Having established a list of BS 8887-1 customer organizations, additional information about 

each of them was incorporated from a variety of sources so that patterns might be more easily 

identifiable.  Sources of data included individual company 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 activities of organizations.  It 

classifies by Section, Division, Group, Class 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 Group and Class respectively.  The Subclass code 

may be appended, but has not been used in this study. 

4.3.3 Mapping BS 8887-1 Distribution 

For some entries, the BSI data included the address to which the standard had been sent.  

Where this was unavailable, the customerôs head office address was added.  These locations 

were plotted on the map shown in Figure 4.4:  Geographical Distribution in the British Isles. 
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4.3.4 Company Age 

The ages of companies that accessed BS 8887-1 were calculated from their year of 

incorporation.  The results were plotted in Figure 4.5:  Age Distribution Graph. 

4.3.5 Company Size 

EU standard terms were used to identify the size of organizations based on employee 

numbers.  A small enterprise is defined ñas one with fewer than 50 employees (with micro-

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

or more employees, but fewer than 250, and a large enterprise as one having 250 or more 

employeesò [ONS, 2008].  Applying these thresholds enabled results to be evaluated against 

UK data from the Office for National Statistics (ONS).  Comparative pie-charts were used to 

illustrate this in Figure 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 

8887-1 customer list, by checking each company name against the UK Register of Quality 

Assessed Companies (QA Register) maintained by The Stationery Office (TSO).  The 

websites belonging to each company were also individually searched for references to ISO 

9001 and ISO 14001, using the Googleôs search in site function.  The images in each site 

were also checked for compliance accreditation logos.  Companies that merely claimed to 

operate in accordance with principles of ISO 9001 or ISO 14001 but which did not have 

certification, were recorded as negative. 

The results from the QA Register and the data from the corporate websites were merged prior 

to calculating the percentages of ISO 9001 and ISO 14001 certified companies among the BS 

8887-1 customer firms.  If either 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 some organizations interested in BS 8887-1, especially in the non-commercial 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 websites.  Larger companies 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 9001 and ISO 14001 accreditation.  The same subset was used 

to determine the ages of companies that might be using BS 8887-1 and their sizes.  The focus 

for these studies was UK businesses.  The excluded organizations comprised:  47 from 

education, three of which were non-UK; 10 other non-UK organizations; seven libraries; two 

government-run defence-related sites; two state-funded engineering research organizations 

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

grouped with 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 that 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 and 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. 

4.4.1 Sales 

Immediately after the initial publication of BS 8887-1 sales 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 in Figure 4.1:  Sales Graph. 

The shape of the graph is typical of the sales pattern expected for a newly introduced 

standard.  The release of new standards is publicised in BSIôs óUpdate Standardsô and 

óBusiness Standardsô magazines.  Several articles in the engineering trade journals have also 

been published about BS 8887-1 and the TPR triumvirate.  These may have encouraged some 

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

correlation with the timings of product-related environmental legislation coming into force. 
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Figure 4.1:  Sales Graph 
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4.4.2 Management Accreditation 

Of the 123 UK commercial firms that ordered or downloaded BS 8887-1, 86% had ISO 9001 

certification and 46% had ISO 14001 certification.  These high levels suggest commitment to 

standards, quality and environmental responsibility among the companies interested in BS 

8887-1. 

The results 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 14001 is highly desirable. 

4.4.3 SIC Analysis of BS 8887-1 Customers 

4.4.3.1 General SIC Analysis 

The industry sectors to which organizations that have purchased BS 8887-1 belong are 

represented in Figure 4.2:  SIC Section and Division of Manufacturing.  The pie-chart 

indicates high uptake in Section-D óManufacturingô with 97 orders or nearly 51%.  The bar-

of-pie shows that Division-31 óManufacture of Electrical Machineryô is the largest subset of 

manufacturing with 19 orders.  Division-32 óManufacture of Radio, Television and 

Communication Equipmentô has a further four firms engaged in similar activities.  Therefore, 

at least 23 of the 192 orders, or nearly 12%, are from companies that manufacture electrical 

goods.  This figure excludes design consultancies, some of which assist in the development of 

these types of products.  The high uptake of BS 8887-1 by electronics companies may have 

been motivated by increasingly stringent legislative requirements imposed on this industry by 

both the EU and the UK Government.   

General engineering companies were well represented with 17 from Division-29 

óManufacture of Machinery and Equipment Not Elsewhere Classifiedô.  A further 15 firms 
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concerned with similar business in Division-28 óManufacture of Fabricated Metal Products, 

Except Machinery and  Equipmentô brings the number of engineering production companies 

to at least 32 out of 192 or 17%.  By considering the data in these combinations, it can 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 assembly, as well as EoL value 

recovery processes. 

 

 

 

 

 

 

 

 

 

 

Six orders were from businesses operating in Division-25 óManufacture of Rubber and Plastic 

Productsô.  The use of BS 8887-1 could help with the development of product designs that 

enable efficient post-consumer recovery and recycling.  It has been argued that plastic should 
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Figure 4.2:  SIC Section and Division of Manufacturing 
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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 [Hornbuckle, 2008 p. 168]. 

The data shows only four companies from Division-34 óManufacture of Motor Vehicles, 

Trailers and Semi-trailersô.  This is disappointing given the high-potential end-of-life 

environmental impact of cars and trucks etc. [e.g. Jones, 2003].  The standard is particularly 

relevant to this sector following the introduction of the ELV 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 that economic factors have had an impact on the automotive industryôs demand 

for British Standards.  ñCar-making is moving eastwards, to Eastern Europe and Asia, and its 

support industries are going tooò [Hennock, 2005].  Interestingly, the high-volume car maker 

was from one of the rapidly developing Asian economies. 

Section-M óEducationô is the second largest group of standards users that have accessed BS 

8887-1, as seen in Figure 4.2 with 47 institutions represented.  These include schools and 

colleges but mainly universities, as shown in Figure 4.3:  SIC Section, Division and Group.  

This is a very positive finding as:  ñwhat is really needed is an ethos in educational 

establishments that supports and promotes sustainability in all activities and in all courses at 

every levelò [Rahimifard and Clegg, 2008 p. 2]. 

The education provided by institutions accessing, and hopefully using, BS 8887-1 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 education-related entries were from BSOL.  Several of the universities 

downloaded the standard between 5 and 12 times.  Multiple downloads were reduced to 

single entries for this analysis, however high levels of interest were evident at certain 

institutions.  It is likely that design and engineering lecturers have been referencing the 

standard during their teaching and that their students have taken the initiative to download the 

standard for use in their project work.  Education is a particularly important sector that should 

be further encouraged to promote ESD and to use BS 8887-1 for teaching purposes. 

The remaining smaller portions of the pie-charts are discussed in the following section along 

with SIC Division and Group. 

4.4.3.2 Specific SIC analysis 

Section-K óReal estate, renting and business activitiesô is the third largest segment of the pie-

chart in Figure 4.2.  Only a few firms appearing under this classification were concerned with 

property as their principal activity.  Of the 26 orders in this Section, 17 actually fell into 

Division-74 óOther Business Activitiesô and seven of the remaining nine were Division-73 

óResearch and Developmentô organizations.   

Division-74 óOther Business Activitiesô subdivides into 13 entries in Group-74.8 

óMiscellaneous Business Activitiesô, and three in Group-74.2 óArchitectural and Engineering 

Activities and related Technical Consultancyô.  This additional detail is not shown in Figure 

4.2, but is illustrated by the labelled segments of multi-level diagram shown in Figure 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 different UK libraries.  These are represented in Section-O óOther Community, Social 
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and Personal Service Activitiesô.  Their full SIC code would be 92.51 óLibrary and Archives 

Activitiesô (SIC Class has not been shown in Figure 4.3 to avoid over complication. 

Division-33 óManufacture of Medical, Precision and Optical Instruments, Watches and 

Clocksô shows 15 orders.  Over half of these were companies in the medical sector.  This type 

of business has a tradition of being highly innovative. 

DfD and maintenance are especially important in the defence industry as non-consumable 

military equipment often has an exceptionally long service life.  At least six of the 
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commercial firms that ordered BS 8887-1 are involved in the development and manufacture 

of defence products.  As an example, battle tanks have much structurally in common with 

heavy earth-moving equipment.  They may be ideal candidates for remanufacture and design 

for upgradeability. 

The rings of the doughnut diagram in Figure 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 rings.  The diagram is a graphical representation 

of the parts of the SIC code system covering the principal activities of BS 8887-1 customers 

and their relative proportion of the total orders.  Around the outside of the chart, SIC codes 

with three or more occurrences have been labelled with their descriptions.  The definitions of 

all the codes can be found in óUK Standard Industrial Classification of Economic Activities 

2003ô [ONS, 2003]. 

4.4.4 Geographical Distribution 

The approximate locations of BS 8887-1 customers are shown on the map of the British Isles 

in Figure 4.4:  Geographical Distribution in the British Isles.  The colours of the markers are 

consistent with all of the diagrams relating to SIC code Section, and identify the type of 

organization at each site.  The markers are clustered around the UKôs major industrial centres 

of London, Birmingham and Manchester.  The map also indicates considerable 

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

Of the 192 organizations in the study, 13 are based outside the UK.  Orders for BS 8887-1 

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 corporate non UK orders 
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were from manufacturers of aircraft parts, auto-electrical parts, pharmaceuticals, vehicles and 

industrial electrical equipment.  It is possible that these companies sell their products into the 

UK and are therefore interested in certain British Standards. 

The use of BS 8887-1 may have a global benefit as a result of international trade.  By 

incorporating sustainable design principles into product specifications, some environmental 

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 would be expected 

to meet the specification.  If ó100% recycled or part-recycled materialô was stipulated for a 

particular component, or that ósecondary finishing such as painting, coating or plating should 

not be usedô [BS 8887-1, 2006 p. 36], then these specifications would have to be met, or at 

least negotiated. 
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Figure 4.4:  Geographical Distribution in the British Isles 
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4.4.5 Age of BS 8887-1 Customer Firms 

The number of UK businesses in each of the given age ranges that have ordered BS 8887-1 is 

presented in Figure 4.5:  Age Distribution Graph.  The curve of the graph shows a kink over 

11ï20 years, possibly the result of the sample size and the groupings used.  Significantly, the 

peak of the curve represents 21ï50 year old companies, suggesting that BS 8887-1, and 

probably standards generally, are most frequently bought by well established companies.  A 

considerable number of younger companies are also represented in the 6ï10 and 11ï20 year 

ranges. 

4.4.6 Size of BS 8887-1 Customer Firms 

Most of the orders for BS 8887-1 from the commercial sector originated from medium or 

large firms.  These comprise 45% and 42% of the total respectively, with 13% from small and 

micro-enterprises.  The pie-chart in Figure 4.6:  (A) BS 8887-1 Customer Business Sizes 

graphically represents these percentages so that they can be compared with UK national data 

[from ONS, 2000] shown in Figure 4.6:  (B) All UK Business Sizes.  The majority of UK 

businesses are either micro 83.5%, or small 13.6%.  Micro-businesses are considered a subset 

of small businesses.  This brings the total proportion of UK companies with fewer than 50 
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Figure 4.5:  Age Distribution Graph  
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employees to 97.1%.  Medium-sized businesses represent 2.2% of the UK total, while only 

0.6% of firms qualify as large with 250 or more employees.  When charts (A) and (B) are 

compared, it appears that the percentage of companies of each size in the BS 8887-1 

customer base has no apparent relationship with the national data.  There is no consistent 

percentage of businesses, in each size range buying the standard. 

The percentage of turnover from UK businesses of each size is represented in Figure 4.6:  

(C) All UK Business Turnover.  This shows that large companies generate 52.8% 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 national business turnover is divided fairly evenly 

between micro, small and medium-sized firms.  When the three pie-charts are considered 

together, the BS 8887-1 data appears closer to the average, although small firms are arguably 

still under-represented.  The activities of the UK businesses used for this comparison have 

not been accounted for. 
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Figure 4.6:  (A) BS 8887-1 Customer Business Sizes, (B) All UK Business Sizes (Data source:  ONS, 

2000), (C) All UK Business Turnover (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 Classification.  It can be seen that medium-sized companies aged 

21ï50 years in the manufacturing sector account for the highest frequency of orders.  The 

chart also shows that the larger companies tend to be older.  Several of the large younger 

companies were formed from pre-existing organizations that are now conglomerates or 

privatised national organizations. 

Conclusions from Standard Industrial Classification Study 

Commercial businesses accounted for the bulk of orders, followed by educational institutions.  

The interest shown by education may suggest that more sustainable environmentally sensitive 

design will become increasingly common as new graduates enter the workplace and as our 

world situation demands. 
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Some international distribution of BS 8887-1 was evident, especially via online download.  

The BSI is the UKôs NSB and its greatest influence is in its home country. 

The BS 8887-1 commercial customer organization age distribution suggests that the standard 

may be of relevance to firms of all ages. 

Having compared the sizes of BS 8887-1 customer firms with national averages, it appears 

that small and micro-enterprises may be under-represented.  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 8887-1 show belief in the value of standards, with exceptional levels of ISO 

9001 certification, and high rates of ISO 14001 certification. 

Very few motor vehicle manufacturers have bought BS 8887-1, and producers of packaging 

are absent from the sales data.  The standard is relevant to both of these industries, especially 

the automotive business given 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 BS 8887-1 as a high 

proportion of these businesses were evident in the customer data. 

The SIC study identified where sales of BS 8887-1 have 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 8887-1 and even the development of future parts of the 

BS 8887 series.  For marketing, the value of this could be further increased if the results were 

compared with data regarding growth or contraction of each type of UK industry represented.  
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This could enable a highly targeted promotion, further assisting UK industry. 
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CHAPTER 5 Quantitative Analysis of Interview Results 

5.1 Introduction  

This investigation was made 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 study was to provide information regarding the number of organizations that 

contributed to the case study evidence, specifically: 

¶ How many people who accessed BS 8887-1 actually read it? 

¶ How many people who read BS 8887-1 used it within their organizations? 

¶ What was the main motive for acquiring BS 8887-1? 

¶ What, if anything, has motivated the organizations to consider ESD and develop 

cleaner operations? 

¶ What topics were of particular importance during the interviews? 

5.3 Method 

The interview transcripts and e-mail responses from the qualitative study were reviewed, and 

specific pieces of information from each organization were collected, typically from a single 

participant.  Where multiple individuals from the same organization responded, the answers 

were combined. 

To investigate the last research question in Section 5.2:  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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thesis was re-coded at the appropriate nodes, and then the óUsedô node, discussed in Section 

3.5:  Qualitative Research and Analysis Method, 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 discussed in Section 3.3.2.7:  Quantitative Questionnaires, 

may have been preferable for 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 reviewerôs suggestion, detailed explanations from participants have been 

interpreted, simplified and placed into categories so they can be counted.  Had this part of the 

research been planned originally, the interviews could have been tailored towards producing 

quantitative results.  However, the intention and purpose was to gather detailed evidence and 

information of greater depth than a numerically-focused questionnaire would have provided. 

5.5 Results 

Out of the 192 organizations that accessed BS 8887-1 included in the previous SIC study, 80 

of them who had previously not objected to being contacted in relation to this research, were 

invited to participate.  Responses, including rejections, were gathered from 60 of them.  Two 

transcripts are included for illustrative purposes in Appendix 4 and 5. 

5.5.1 Use of BS 8887-1 

Within the sample group a subset of 24 individuals from different organizations were 

identified as having read BS 8887-1, and 9 of them had used it.  This is represented in Figure 

5.1:  Impact and Use of BS 8887-1. 
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The 40 organizations comprising the óUnknownô section of the pie chart in Figure 5.1 were 

mainly those that declined to be interviewed, or had no knowledge of the standard.  Several 

of these organizations nevertheless 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 are based primarily on the organizations 

where BS 8887-1 had been used.  They are supported with other relevant examples of DfM, 

DfA, DfD and DfE.  The types of organizations found to have used the standard are 

summarized in Table 5.1:  Implementation of BS 8887-1.  

BS 8887-1 Customers that have Read and Used the standard 

 

       Has BS 8887-1 been Read? Has BS 8887-1 been Used? 

No, 16 

Unknown, 40 

Yes, 9 

No, 15 

Yes, 24 

Figure 5.1:  Impact and Use of BS 8887-1 
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Quantity  Type of Organization Extent of Implementation 

1 Automotive electrical parts manufacturer Referenced under APQP and used to specify 

techniques in the design process 

1 Boiler systems manufacturer Document and design process management 

1 Construction products manufacturer Reference source for reducing production costs 

through improved design, during a wide-ranging 

product review 

1 Industrial refrigeration manufacturer DfD, DfR and EoL product price negotiations 

1 Niche car manufacturer Used to support ISO 14001 EMS 

2 Sixth Form College Referenced in lectures, used to support ESD 

elements of design and engineering courses 

2 University  Referenced in lectures, used to support ESD 

elements of design and engineering courses 
 

Table 5.1:  Implementation of BS 8887-1 

Internet searches also revealed the use of BS 8887-1 within Bachelors and Masters Degree 

courses in engineering and design at a third university, as described in Section 8.3:  MADE in 

Education. 

5.5.2 Motivation to Acquire BS 8887-1 

Within the group of 24 participants who had read the standard, 11 identified ESD as their 

primary interest in BS 8887-1 and the reason had they acquired it.  For 5 of these 24 

participants, the relevance of the standard mainly surrounded design for production.  This 

included those who reviewed the standard with consideration for DfMA as well as those 

whose primary interest in BS 8887-1 originated from it being part of the TPR triumvirate 

along with BS 8888.  One of the most frequently cited reasons to acquire BS 8887-1 was 

simply to have it available as a reference source for future projects. 

5.5.3 Motivation for Environmentally Sensitive Design among BS 8887-1 Customers 

The main reasons that commercial businesses consider ESD were found to be customer 
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demand, EPR legislation and employees who champion environmental causes, as represented 

in Figure 5.2:  Motive for Environmentally Sensitive Design.  The pie chart includes data 

from the four academic institutions listed in Table 5.1.  At the two universities, ESD was 

primarily driven by lecturers keen to promote consideration of the environment in studentsô 

design work.  These universities were included in the óEnvironmental Championsô category 

of Figure 5.2. 

The organizations represented in Figure 5.2 are limited to the 24 where the participant had 

read BS 8887-1.  From the remaining 56 organizations contacted, 8 reported EPR legislation 

as their primary interest in ESD and 4 cited pressure from customers as the main reason to 

minimise the environmental impact of their operations. 

5.5.4 BS 8887-1 and ISO 14001 

One of the interview themes was concerned with reducing product-related environmental 

impact through ESD under ISO 14001.  Of the 24 main participants, nine worked in design 

and management related roles for companies that had ISO 14001 accreditation.  Three of 

Main Motivation for Environmentally 

Sensitive Design 

 

 

 

Customer 

Driven, 7 

NA / Other, 

6 

EPR, 6 

Env. 

Champ., 5 

Figure 5.2:  Motive for Environmentally 

Sensitive Design 
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these participants, and one independent consultant whose work was concerned with 

EMS/QMS implementation, broadly agreed that there could be, a supporting relationship 

between the use of BS 8887-1 and ISO 14001 with the latter provider greater opportunity to 

promote ESD principles. 

One company identified product design decisions as having the greatest influence upon the 

organizationôs environmental impact, and had planned to apply ESD for use as evidence 

supporting their ISO 14001 accreditation.  Their EMS auditor advised that DFE was not 

relevant to ISO 14001 since environmental impacts attributable to design are difficult to 

quantify.  However, two companies purchased BS 8887-1 following more positive comments 

in this regard from their EMS auditors.  Others argued that it was already challenging enough 

to meet the requirements of ISO 14001 without adding to them. 

5.5.5 Quantitative Analysis of NVivo Processed Transcripts 

During the final stages of this research project, the óUsedô node in NVivo showed that over 

150 quotations from 40 transcripts and other original documents from the research had been 

considered in this Ph.D. thesis and associated papers.  A report was generated to show the 

most prominent topics arising during the interviews.  This data is presented in Figure 5.3:  

Transcript References and Sources Coded at Nodes.  




































































































































































































































































































