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Abstract 

As pressure from regulation and customers increases on telecommunications equipment 

manufacturers and service providers to reduce the hazardous material content of 

telecommunications products and generally improve environmental performance, new 

methods for Product Life Cycle Management are required. 

Supplier and component environmental evaluation are vital and fundamental elements 

of any Product Life Cycle Management programme, as is the capture of data from the 

supply base. 

The information that needs to be captured from the supply base to meet the 

requirements of customers of telecommunications equipment providers; to meet the 

requirements of legislation; and to provide data for improving ecodesign and facilitating 

product-focused continual improvement for ISO 14001 has been identified. 

A method for capturing data from the supply base has been developed and 

recommendations made for implementation. 

A hierarchical supplier and component eco-evaluation methodology has been developed 

and tested. This methodology incorporates supplier environmental management 

performance, component inherent human toxicity, ecotoxicity and resource depletion. It 

provides component qualifiers and purchasers with a method of supplier environmental 

performance comparison and enables this criterion to be integrated with existing criteria 

such as quality and cost in the component and supplier selection decision-making 

process. 

Recommendations are made regarding the implementation of an industry-wide system 

to enable the capture of detailed product material composition data from the supply 

chain and the implementation of the eco-evaluation methodology to identify the supplier 
that has superior environmental performance. The result will be enhanced decision- 

making in product design and manufacture, improved transparency in communication to 

customers and more informed decision-making at the end-of-life stage of the product 
life cycle. 
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Executive Summary 
1.0 Introduction 
This executive summary provides an overview of the research undertaken to meet the 

requirements for the award of Engineering Doctorate in Environmental Technology 

from the Brunel University and University of Surrey EngD programme. 

The research focuses on the development of mechanisms for capturing data from 

suppliers of electronic components to the telecommunications industry and using these 

data in decision-making for component and supplier selection, the generation of product 

material profiles, and improving the environmental performance of telecommunications 

products and the companies and supply chains that manufacture them. 

The discipline of Environmental Supply Chain Management has been developing over 

the last five years and the main objective of any work conducted in this area is to 

introduce environmental performance as a criterion into the procurement process. The 

development of supplier and product eco-evaluation methods naturally overlaps with 

other product or service environmental assessment methodologies such as Life Cycle 

Assessment and Ecodesign. The research presented here is an extension of the body of 

knowledge on Life Cycle Assessment and provides methodologies for integration with 

ecodesign practices. The overall work provides a contribution to the field of Product 

Life Cycle Management, which encompasses all product-oriented environmental 

performance improvement practices. 

The research was conducted at a strategically important time for the 

telecommunications industry. Telecommunications products and services providers are 

under increasing pressure from both regulators and customers to provide more 
information on the environmental impacts of products and services and to introduce 

initiatives to improve environmental performance. The mandatory take-back of 

electronics products by manufacturers and the banning of certain hazardous materials 

within them are imminent in Europe and the industry is seeking solutions that are 

efficient and can be applied to a global business model. 

A significant volume of research has been conducted in the field of Life Cycle 

Assessment and ecodesign and still continues. However, when the research project 

started only limited research had been conducted on environmental supply chain 
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management. Over the period of the research project, a wide range of research has been 

conducted by the research community and much of this work provides interesting 

comparison to the results and recommendations made in this body of work. A 

comprehensive literature review is provided in Chapter 4 of the thesis document. 

The overall objective of the research was to investigate the feasibility of integrating 

supplier-specific product-specific environmental data into the ecodesign process and the 

Product Life Cycle Management (PLCM) system of Nortel Networks (the sponsoring 

company). The core objectives included: 

The identification of what information needs to be obtained from suppliers to 

meet the requirements of ecodesign, legislation, customer requests and ISO 

14001; 

The development of methods to obtain the information from suppliers; and 

" The development of methods for how the supplier information can be used by 

the Nortel Networks design community, purchasing function, ISO 14001 

systems and sales functions. 

The remainder of this executive summary provides a summary of the research 

undertaken, the key findings and highlights the contributions to knowledge. 

2.0 Portfolio Structure 
The executive summary is just one document in the EngD portfolio. It provides a 

summary of the research. The portfolio consists of several documents grouped into 

sections. These include: 

" Six month reports; 

" Research publications; 

" Module assignments; and 

" Support documents. 
The detail of the research is introduced, presented and discussed in the portfolio thesis 

document and from the thesis, reference is made to various documents in the portfolio. 
A complete description of the portfolio structure is provided in Chapter 1 of the thesis 

document. 

The core documents in the portfolio are the executive summary, the thesis and the 

research publications and this is the recommended order of reading. The six-month 
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reports should be regarded as a log, or diary, of events throughout the entirety of the 

research project. They provide an account of how the research progressed and changed 
focus but are not designed to be a presentation of the research thesis. 

3.0 Research Methodology 
The research was regarded as being very much "hands-on" or "real world" in nature. 
The majority of the research was not conducted in isolation but involved considerable 
interaction with Nortel Networks business functions. This means that the research 

engineer could be considered part of an expanded team. The team was used as an 

essential source of information and was also the final customer for the research results 

and recommendations. This approach was considered essential if the methods or tools 

developed and proposed were to stand any chance of being implemented and integrated 

into current or future systems within the company. Ensuring the "team" remained 
informed of all progress and was included in any decision-making that resulted in 

impacts upon the project was very important. In addition it was necessary to remain 

abreast of all developments that may have affected the project as both the ecodesign and 

the telecommunications fields are fast moving and dynamic. 

The research methodology is described in detail in Chapter 3 of the thesis document. 

The process consists of defining the problem, investigating relevant previous work 

conducted in the field, generating options, planning, implementing, testing and 

reviewing solutions in a cycle until a decision is made to implement the recommended 

solution. 

The research methodology described provided a top-level research framework for the 

research project. The project was driven by a core hypothesis that equates to the 

problem definition phase of the methodology framework described. 

Hypothesis 

Supplier product and company environmental data can be integrated into the 

Ecodesign and Product Life Cycle Management systems of Nortel Networks or any 
telecommunications network solutions company. 

To prove or disprove this hypothesis a set of research questions was generated with 

associated programmes of work (see Figure E1). 
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Hypothesis Supplier product and company environmental data can be 
integrated into theEcodesign and Product Life Cycle 
Management systems ofNortel Networks 

i Programme 1 
Research 
Question 

What information needs to be obtained from suppliers to meet the 
requirements of ecodesign, legislation, customer requests and ISO 
14001? 

1 Programme 2 
Research 
Question 

What methods can be used to obtain the information from suppliers? 

1 Programme 3 
Research 
Question 

How can the supplier information be used by the Nortel Networks design 
community, purchasing function, ISO 14001 systems and sales 
functions? 

Figure El. Research questions and programmes of work 

Each of the research questions leads to a programme of work. The three programmes 

were broadly conducted in chronological order although elements of concurrency did 

emerge as the project progressed. A project management plan was generated to provide 

a detailed road-map in terms of specific objectives, activities and time frames for 

completion of each programme and of the complete project. Project details were also 

documented in a Nortel Networks "Work Package Description" for adherence to 

internal quality management requirements. The project management plan can be seen in 

six-month report number 4 (second year dissertation). 

The programmes of work were broadly chronological and planned in detail (see six 

month reports). The research required interaction with many business functions within 

Nortel Networks and suppliers of Nortel Networks. Communication to all relevant 

business units was a fundamental component of the project. In addition, due to the 

sensitive nature of some of the elements of the research, certain restrictions were placed 

upon the researcher, which inhibited to some degree, the work that could be conducted, 

particularly in terms of implementation. This is an acceptable part of research conducted 

in a commercial context. 

4.0 Data Required from the Supply Chain 
Programme 1 of the research project focused on activities designed to determine the 

information that needs to be obtained from suppliers to meet the requirements of 
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ecodesign, legislation, customer requests and ISO 14001 and therefore, to advance 
Product Life Cycle Management. 

In terms of meeting the environmental information requirements of customers and in 

particular the product environmental information requests in customer environmental 

questionnaires it is suggested that only detailed component-specific supplier-specific 
data will suffice. Using generic averaged data on representative components is not 

considered to provide the necessary degree of accuracy and certainty. 

To identify the product environmental information requirements of customers' data 
from two research tasks were used: 

" Tabulated customer requests/proposals for contract bids; 

" Detailed analysis of selected customer environmental questionnaires. 

In addition, further work was conducted on the development of a questionnaire for 

customers of Nortel Networks to investigate exactly how customers used the 

information requested and whether it did actually influence their decision to approve 

and award a bid for contract. Unfortunately, due to strategic decision-making within 
Nortel Networks this questionnaire was not given approval for use. 

Observations from the tabulated customer requests for contract bids were: 

" It can be seen that the customer environmental requirements or requests for 

information vary considerably; and 

" To varying degrees customers have inquired about the environmental 

performance of Nortel Networks in fifty-five contract bids over 21 months (1998 

- 1999), worth US$ 8 billion (known bid values only). This compares to the 

previous 28 months (September 1995 - December 1997) with twenty-four 

contract bids worth US$561 million. 

A selection of customer questionnaires received prior to December 1997 were analysed 

to determine more specific detailed customer requirements and were also used in a gap 

analysis. 

The recommended next step after the gap analysis was to use the information on 
customer requirements to generate a new Nortel Networks supplier environmental 
assessment questionnaire that focuses on providing information for customer requests, 
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ecodesign, PLCM, ISO 14001 continual improvement loops, ECMA declarations and 

meeting the requirements of the proposed WEEE Directive. 

Research was conducted to determine the information requirements of ecodesign 

practices, current and pending legislation and continual improvement for ISO 14001. 

The conclusions from programme one are that an improved supplier assessment process 
had to be developed in concurrence with a method for capturing detailed component 

material composition data from the supply chain and generating product material 

profiles. 

5.0 Data Capture Solutions 
A study was developed to compare the viability of a range of product environmental 
data sources including generic data provided in ecodesign software products. Details of 

the study can be seen in Chapter 6 of the thesis document and the research publications. 
The conclusion of the study was that only supplier-specific component-specific data 

from suppliers could meet the needs and data requirements outlined in programme 1 of 

the research project. 

A data management system (Web-SEAP) was designed to capture data from the supply 

chain and to facilitate its communication to users within Nortel Networks. The 

infrastructure is presented in Figure E2. 

Web-SEAP is an internet-enabled software solution that would allow suppliers to 

complete questionnaires and submit product material declarations on a Nortel Networks 

web server. An alpha version was developed using Active Server Page technology with 

a Filemaker Pro database. Details are provided in Chapter 6 of the thesis document. 

It is feasible for the system for data collection to be integrated with current Nortel 

Networks component databases although further modification of existing systems would 
be required. 

Methods for product material data validation have been investigated but further work is 

required in this area. 

Perhaps the most manageable and cost-effective solution for product material data 

capture from the supply chain is an industry declaration collaborative approach. Three 

such approaches are currently undergoing development and this research has 
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contributed to the EICTA supply chain management materials project that is one of the 

initiatives. 
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Figure E2. Product Environmental Information System 
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6.1 Component Eco-Evaluation Methodology 
A methodology for the eco-evaluation of components from suppliers has been 

developed that is based upon the available and potentially available product-focused 

information from the supply chain. The objective is to evaluate the eco-performance of 

components from different suppliers as an integral element of the supplier and 

component qualification process. The method allows for the meeting of minimum 

requirements for qualification approval (regulatory compliance) and also for making 

more complex evaluations that incorporate the use of key environmental assessment 

factors and more information. The hierarchy of evaluation consists of four levels and the 

structure is shown in Figure E3. It is suggested that one or more levels are implemented 

depending on the perceived requirements of the company. 
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Level 4 
Toxicity Potential Score + Resource Depletion Score 

+ Supplier Assessment Product Score 

7I 
Level 3 Toxicity Potential Score + Resource Depletion Score 

L\ 
Level 2 Toxicity Potential Score 

/\ Level 1 Hazardous Material Compliance Specification 

Figure E3. Component Eco-Evaluation Hierarchy 

Level 1 eco-evaluations consist of the setting of prescriptive minimum requirements 

regarding the absence of specified hazardous materials in components. 

Level 2 eco-evaluations focus on the intrinsic hazardous nature of the materials within a 

component. It extends beyond simple hazardous material regulatory compliance and 

consists of the generation of a Toxicity Potential Score. 

Level 3 eco-evaluations incorporate the consideration of resource depletion into the 

selection process for suppliers of components as well as toxicity. The objective is to 

provide a decision framework for supplier selection and also to provide information for 

product end-of-life decision-making. The formation of a performance matrix allows 

dominance to be checked first. If one option out-performs all the others on both criteria 

it is clearly the preferred option. If dominance does not exist then the MCDA linear 

additive model is applied with the allocation of scales and weightings. The result is the 

identification of a preferred option. 

Level 4 eco-evaluations consist of the parameters included in levels 1 to 3 and also 

consider the suppliers' commitment to product environmental improvement and 

information provision through the use of section B SEAP scores (see details in Chapter 

6 of the thesis document). The methodology enables the evaluation to be broader in 

scope and to include consideration of such issues as commitment to ecodesign and the 

provision of hazardous material and LCA data. The principles of Level 4 Eco- 

evaluations are identical to Level 3. Dominance is considered first and then MCDA is 

used to generate a preferred option. 
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6.2 Product Material Profile Generation 
The second hypothesis driving the pursuit of product material content data is that only 

supplier-specific material data on components and electronic sub-assemblies can 

provide accurate information for generating Nortel Networks product material profiles. 

This hypothesis suggests that generic data available in some commercially available 

databases and ecodesign software packages are not sufficient to successfully achieve 

this objective (see documents C2.1 and C2.4). Only a limited amount of information 

exists on a relatively small number and type of components. Any environmental impact 

modelling that is conducted at the electronics product level and based on these data 

would be particularly restricted and the results potentially inaccurate and misleading. 

The increasingly more demanding requirements of customers for product environmental 
information have been detailed in Chapter 5 of the thesis document. The general trend 

in network operators' supplier environmental assessments has been from management 

system related issues to hazardous material and total material content of products and 

product eco-performance in general. It is currently very difficult state accurately exactly 

which substances are present in a product without detailed information from the supply 

chain. The only other alternative is to attempt to generate some form of material profile 

using average or generic data. 

Research was conducted to investigate the feasibility of collating component and sub- 

assembly material content information into a Nortel Networks product material profile, 

assuming the data were available. The research focused on three Nortel Networks 

products and the processes in place for managing and tracking product releases and bill 

of materials. 

6.3 Data Utilisation Discussion 
The eco-evaluation hierarchy from Levels 1 to 4 provides a tiered approach to 

implementation that reflects the type and quantity of data available and the objectives of 

the implementers. Data availability is fundamental to any eco-evaluation level. 

Level 1 requires relatively little data to ensure regulatory compliance. Level 2 requires a 
declaration of hazardous material content. Levels 3 and 4 require a comprehensive 

product material declaration. Level 1 declarations are relatively simple to provide and 

negative declarations are, therefore, currently the preferred option for suppliers. 
Capturing comprehensive product material content data from component suppliers, is 
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currently extremely difficult. Few suppliers have systems in place to provide this type 

of data. Only two suppliers included in the SEAP pilot study (detailed in Chapter 6 of 

the thesis document) were proactively investigating methods and systems to provide 

customers with detailed material data. 

Another issue to recognise as a potential problem is the quality of data provided. It is 

imperative that suppliers also provide details of a transparent methodology that has been 

used to generate the material data content including any error and uncertainty 

considerations. 

Since large errors and significant uncertainty in the data could completely negate the 

possibility of a meaningful and useable answer emerging from the eco-evaluation an 

accurate and standard methodology for measuring materials is a prerequisite. An 

examination of suitable measurement methods and a proposal for a data validation 

method were conducted as an MSc research project under supervision of the RE (details 

are provided in Chapter 6 of the thesis document). 

Level 4 eco-evaluations use three criteria to assess components from suppliers. These 

criteria were selected in this work because of their generally recognised importance in 

terms of environmental impact in the electronics industry. The inclusion of other criteria 
in any eco-evaluation would require the capture of even more detailed data necessitating 

a mass balance or life cycle inventory approach and Form Al (the product data capture 

element of SEAP (see Chapter 6 of the thesis document) has fields for the provision of 

information on hazardous materials used during manufacture. 

The capturing of component material composition data allied with information on a 

supplier's environmental programmes allows an appraisal to be made. More detailed 

data would aid the decision-making process or at least make it more informed but 

capturing such data would be even more difficult and resource intensive (see Document 

C2.4). Basing decisions upon the criteria used in Level 4 eco-evaluations is considered a 
logical compromise that advances product life cycle management with a modicum of 
investment in data capture without demanding full life cycle inventory data. 

In summary it is recommended that component eco-evaluation is integrated into the 

component or technology qualification process. Such evaluations are particularly suited 

to the new commodity introduction process, which forms a part of the product 
development process. In this context component and supplier product related eco- 
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performance can become an established element of the decision-making process for 

supplier selection. Such a step could also initiate a drive towards the serious 

consideration of product eco-performance in the context of ISO 14001 continual 
improvement and a recognition of supply base environmental performance being a 

significant environmental aspect, with product eco-innovation and a focus on materials 

management, providing a vehicle for product-oriented continual improvement. 

7.0 Contributions to Knowledge 
The research conducted for this Doctorate has contributed to knowledge in the field of 

Product Life Cycle Management, and particularly Environmental Supply Chain 

Management. 

Key contributions include: 

" Identifying the data that need to be captured from suppliers to meet the 

requirements of legislation, customer requests for information, ecodesign of 

telecommunications products, and ISO 14001 continual improvement of product 

environmental management; 

" The development and testing of a method to capture both management 

performance and product material data from the supply chain; 

" The creation of a tool to evaluate the environmental performance of production 

related suppliers in the telecommunications industry; and 

" The development of an environmental performance evaluation method for 

commodity qualification and purchasing decision-making. 

Each of these contributions advance the field of Product Life Cycle Management and 

provide the telecommunications industry with knowledge and tools that can be used to 
improve environmental performance. 

8.0 Professional Development Courses. 
A requirement of the EngD programme is the satisfactory attendance and completion of 

all scheduled professional development courses and one additional elective course. All 

courses and associated assignments have been completed successfully. The assignments 

and performance scores are part of the portfolio for the examination process but are not 

published in the final document. They are located in Section C-3 of the portfolio. 
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All the skills gained from the taught courses have aided the completion of the research 

project. The project management, leadership, team-working and communication skills 

have been particularly useful. Subject areas covered in the taught modules include, 

" Project Management; 

" Leadership; 

" Clean Technology; 

" Sociology; 

" Marketing; 

" Business Finance; 

" Media; 

" Risk Assessment and Management; 

" Environmental Auditing; and 

" Environmental Law. 

9.0 Conclusions 
Throughout this Engineering Doctorate the focus has been on improving product 

environmental performance through improving existing Product Life Cycle 

Management practices. The research findings show that it is possible to implement 

mechanisms to capture supplier environmental data and to use these data in practical 

ecodesign, commodity selection decision-making, continual improvement for ISO 

14001 and the generation of product material profiles. 

It is recommended that the telecommunications industry implements a collaborative 

commodity material data capture system and uses the eco-evaluation tools developed in 

this research as a basis for including environmental criteria in component selection and 

purchasing decision-making. This will assist in complying with legislation, enable 

customers to make more informed decisions and foster the improvement in 

environmental performance of products throughout the supply chain. Such a situation 

can only be beneficial to the longevity of the planet. 
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Chapter 1 Introduction 
The objectives of this chapter are to: 

" Introduce the EngD (Engineering Doctorate); 

" Summarise the portfolio structure; 

" Introduce the research project; and 

" Explain the thesis structure. 

1.1 The Engineering Doctorate (EngD) 

"An Engineering Doctorate is 4 year research degree, awarded for industrially relevant 

research, based in industry and supported by a programme of professional development 

courses" (EngD Handbook, 2000). 

The EngD programme is financially supported by the Engineering and Physical 

Sciences Research Council (EPSRC). Ten universities are currently offering the EngD 

programme. The combined Surrey and Brunel University EngD programme has the 

distinct theme of Environmental Technology. 

The aim of the Surrey/Brunel EngD is to 

"... create graduate Research Engineers with the necessary background knowledge, 

skills and experiences to understand the relationship between the environment, 

technology and business and to apply this understanding to the development, promotion 

and execution of corporate strategy" (EngD Handbook 2000). 

The EngD is designed to be as intellectually challenging as a PhD but, fundamentally, 

and in addition, provide the research engineer with fours years' experience of 

conducting research in an industrial context. 

The EngD thesis is portfolio-based as opposed to dissertation-based (traditional PhD) 

which enables the examiner to obtain a much broader and in-depth view of the research 

project. In addition the research engineer is also required to attend and pass a range of 

Masters degree-grade professional development courses (see section C-3 of the 

portfolio). 
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1.2 Portfolio Structure 

Because of the portfolio structure of the EngD it is necessary to explain the optimal 

approach for reading and understanding the portfolio. 

The portfolio consists of the following three core elements: 

A. The Executive Summary 

B. The EngD Thesis (the final six-month report) 
C. Other Portfolio Documents 

C-1 Six Month Reports 
C-2 Research Publications 
C-3 Module Assignments 
C-4 Support Documents 

1.2.1 The Executive Summary - Al 

The executive summary provides a summary of the work undertaken in the research 

project. It describes the scope, objectives, the programme of work, the results and the 

contribution to knowledge. 

1.2.2 The EngD Thesis - 131 

The EngD thesis is a document structured in the same way as a typical or classic PhD 

thesis and serves as the final six-month report. It is this document that provides the 

detail of the research project and presents the core thesis of the research. Other 

documents in the portfolio such as research publications and support documents are 

referenced in the thesis. 

1.2.3 Six Monthly Reports C-1 

The six-month reports serve as a record of progress throughout the research project. 
They follow the same format and present a regular appraisal and review of work 

achieved in each six-month period. They are not intended to constitute the doctoral 

thesis. 
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1.2.4 Research Publications C-2 

This element of the portfolio contains published research material that the RE has 

authored or co-authored. The published work supports the claims for contribution to 

knowledge and are referenced throughout the EngD Thesis (B-1) 

1.2.5 Module Assignments C-3 

The module assignments and assessed scores are provided to demonstrate the RE's 

participation, completion and passing of all the professional development courses that 

are scheduled in the EngD programme. This is a requirement of the EngD. 

1.2.6 Support Documents C-4 

The documents in this section are all the additional documents that the RE wishes to 

include in the portfolio as relevant documentation that supports the EngD. 

1.3 The Research Project and Nortel Networks 

1.3.1 Research Project 

The aim of the research project is to contribute to improvements in the environmental 

performance of Nortel Networks products through the development of product 

environmental information management systems and decision-making methodologies 

for component selection (as agreed by Nortel Networks and Brunel University). 

The core objective is to investigate the feasibility of integrating supplier-specific, 

product-specific environmental data into the ecodesign process and the Nortel Networks 

Product Life Cycle Management (PLCM) system. The project is one component of a 

response of Nortel Networks to the increasing need for improved environmental 

performance of products and company activities. The need for improved product 

environmental performance in the telecommunications industry and the integration of 
"green" design practices (ecodesign/DfE) into the product development process are 
driven by three key pressures: 

" customer requests for eco-friendly products and the inclusion of environmental 
criteria in customer supplier selection processes; 

" legislative requirements; and 

" ISO 14001 requirements. 
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The research project involved the investigation and development of methods and tools 

to meet the information and product environmental performance requirements of 

customers of Nortel Networks, legislation and ISO 14001 and consequently to improve 

product environmental performance. 

The project reflects the interest and need within the telecommunications industry to 

integrate supply chain performance criteria into product development and ecodesign 

processes. The issues are complex and the topic area particularly in-vogue at the present 

time as the structure of electronics manufacturers' supply chains has changed to one of 

predominantly contract manufacture. In addition, European legislation and customer 

requests for product environmental information are becoming ever more stringent and 

comprehensive. 

The initial scope of the project focused only on component and or product evaluation 
but it was evident early in the project that a strategy for any environmental evaluation of 
the supply chain needed to be researched and recommendations made. 

1.3.2 Nortel Networks 

Nortel Networks is a global telecommunications company providing network solutions 

and equipment with increasing emphasis on optical technology. The company is a 

leader in the provision of equipment for the communication of voice, data and video, 
delivering networking and communications services and infrastructure for customers in 

more than 150 countries. The driving force of the company is the development of new 

technologies for communication in thirty-one technology centres around the globe. 

Headquartered in Brampton, Ontario, Canada, Nortel Networks have been in operation 
for over one hundred years. Nortel Networks has a history of innovation not only in new 
technologies for communication but also in improving the environmental performance 

of the company and its products and services. Active environmental research 

programmes are ongoing throughout the company. A more detailed introduction to 
Nortel Networks and its environmental programmes is provided in Chapter 2. 

1.4 Thesis Structure 

The Thesis document (B-1) is similar in structure to the traditional PhD thesis 
dissertation. It is not intended to replace the portfolio but rather to compliment it and 
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provide a concise summary of the work undertaken. It presents the research in a clear 

and concise format that presents the method of research and can be regarded as the final 

six-month report. 

The thesis contains nine chapters: 

1. Introduction 
2. An Introduction to Nortel Networks and Telecommunications 
3. The Research Programme (Methodology) 
4. Background to the Research Programme (Literature Review) 
5. Data Requirements 
6. Data Capture Solutions 
7. Data Utilisation 
8. Discussion 
9. Conclusions and Further Work 

Chapter 1 provides an introduction to the EngD, explains the portfolio structure, and 

introduces the research project and the sponsoring company, Nortel Networks. Chapter 

2 is an overview of telecommunications, Nortel Networks and the environmental 

research programmes that have been implemented and the existing process for supplier 

and commodity assessment. It provides the industrial context for the research. Chapter 3 

introduces the research aims and objectives of the research programme and an outline of 

the research framework and methodology used in conducting the research. In Chapter 4 

the background to the project is presented. This is an overview of work conducted in the 

field of research that provides a context for the research project. It demonstrates the 

Research Engineer's awareness and understanding of the field of study, research 

previously conducted, and provides a context for the RE's contribution to knowledge. 

The research project consisted of three cores areas or programmes of work. Chapters 5, 

6 and 7 are devoted to each of the areas respectively. In each chapter the research is 

described and results presented. Chapter 5 details the information that needs to be 

obtained from suppliers to meet the requirements of ecodesign, legislation, customer 

requests and ISO 14001. Chapter 6 presents the research conducted on methods of data 

capture from the supply chain and the recommendations generated. Chapter 7 describes 

the research conducted to examine how supplier component material data and company 

environmental performance data can be used in terms of supplier selection and 

component selection decision-making; in the generation of product material profiles for 

complex telecommunication products; and in meeting the requirements of legislation 

and ISO 14001. 
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Chapter 8 provides a discussion of the key findings from the research and the identified 

contributions to knowledge including critical review. Chapter 9 concludes the research 

project with claims and recommendations that have emerged for the work. Suggestions 

for further research work that would expand upon the research project findings are 

offered. 
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Chapter 2 Nortel Networks, Telecommunications and 
the Environment 

The objectives of this chapter are: 

" To introduce telecommunications; 

" To provide an overview of the business structure of Nortel Networks; 

" To discuss the environment programmes of Nortel Networks; and 

" To present the current process for supplier and component evaluation. 

2.1 An Introduction to Telecommunications 
Telecommunications has come a long way since the invention of the telegraph in 1840 

and the telephone in 1876. From an analogue wire-line network designed to transmit 

speech, telecommunications has now become the transmission of data, video and voice 

over global networks which are a combination of wire-line, wireless and optical 

infrastructures. 

The past decade has seen a revolution in both the information technology and 

telecommunications industries with the growth in personal computer ownership, and the 

explosive growth of Internet and e-mail use, cable and satellite television subscriptions 

and the use of mobile telephones. This has resulted in an increasing demand for 

telecommunications products and services and increasing investment in new 

technology. 

The huge increase in demand for telecommunication equipment means that Nortel 

Networks have expanded and grown significantly since the 1980s. From a strong North 

American-based provider of digital switching and routing equipment Nortel Networks 

has now become a global leader in telephony, data, wireless and wire-line solutions for 

the Internet. The company considers itself to be at the heart of the Internet revolution 

and is committed to providing faster and more reliable communication solutions. Being 

a global company Nortel Networks is in a strong position to benefit from the global 
demand for Internet-based communications and can drive the realisation of the "global 

village". 

To be a leader in the telecommunications market though Nortel Networks has had to 
form strong partnerships with, or even acquire, young companies with specialist 
knowledge in developing new products and markets. Nortel Networks exists as a 

company because of the merger between Nortel and Bay Networks in 1998. The 

33 



company has had to radically change its structure to remain competitive in the emerging 

networks market. This re-structuring has resulted in the organisation out-sourcing the 

manufacture of equipment to contract electronics manufacturing organisations. This 

enables Nortel Networks to focus on customer-facing functions and the research and 

development of core technologies. 

Despite the overall growth in the use and development of Internet products and services 

the volatility and dynamism of the global telecommunications market has been 

demonstrated with a down turn in the industry through 2001 and 2002. The explosive 

growth of investment in the Internet ($4000bn spent on telecommunications equipment 

in Europe and the US between 1997 and 2001 - source FT. com) mainly through the 

building of networks with enormous bandwidth capacity has recently proved to be a 

core issue. The expected demand for bandwidth has not materialised and the result is 

over-capacity in existing networks and consequently, a halt in the purchasing of new 

equipment. Coupled to this is the emergence onto the market of a vast quantity of 

equipment from bankrupt start-up companies. Nortel Networks is just one of many 

telecommunications companies that has had to rationalise its workforce, write off some 

of its biggest losses in history and re-focus on its core competencies. According to 

Waters (2001): 

"TThe technological change that led to the emergence of the Internet, along with 

global deregulation, seemed to offer a promise of huge growth ahead. The 

prospect of much higher revenue growth rates in turn encouraged telecoms 

companies to construct financial models that included far larger slugs of debt. 

Those assumptions have proved fallible on two counts. One is that they didn't 

adequately take account of the effects of competition. The other mistake was to 

assume that growth rates in the telecoms industry were moving to a permanently 

higher level. In fact last year's dotcom collapse had a much more far-reaching 

effect than seemed likely at the time as the financial markets cut off the supply of 

cash to the telecoms and technology industries". 

For Nortel Networks and the telecommunications industry the coming years are likely 

to be a period of consolidation followed by a period of slower growth. The industry will 

maintain its vision of increasing demand for bandwidth through broadband that will 

provide the carrying capacity for ever more sophisticated communications services such 
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as third generation mobile which brings the Internet to mobile phones and video 

conferencing which one day may replace the audio telephone. 

Internet technology is still considered to be the future of global telecommunications 

networks. 

2.2 The Business Structure of Nortel Networks 

The top-level business structure of Nortel Networks is relatively simple and exists in 

two forms. However, the structure and interaction between business groups below the 

top level becomes more complex. The first structural element is "Line of Business" 

(LOB) or business function, the second is geographical. Through both elements Nortel 

Networks manages all its business operations, activities and products on a global scale. 

The organisation serves the emerging and existing needs of service providers, carriers, 

dot-com companies, small and medium sized businesses, and large corporations in more 

than 150 countries and territories around the world. All customers are businesses. 

Typical examples are any major telecommunications service provider such as British 

Telecom or Cable and Wireless. It has operations in Canada, Europe, Asia, Caribbean 

and Latin America, the Middle East, Africa and the United States. 

Key competitors include Siemens, Lucent and CISCO Systems. 

2.2.1 Lines of Business 

The number and the definition of the Nortel Networks LOBs are subject to constant 

change in response to technology developments and the response of Nortel Networks to 

the market. Currently there are three core LOBs, two of which can be divided into 

further business functions : 

" Service Provider and Core Networks 

o Core Internet Protocol Networks; 

o Enterprise Solutions; 

o Metropolitan Optical; 

o Wireless and Core Networks 

" Optical Internet 
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o High Performance Optical Component Solutions 

o High Capacity Optical Solutions 

o Optical Networks 

" eBusiness Solutions 

A range of products are offered across all of the business functions to meet the market 

need of the customer. Product types range from a desktop business telephone to a 

complete architecture and infrastructure for a global network. 

The product family names are listed below: 

" Alteon 
" BayStack 
" Business Series 
" CallPilot 
" Centillion 
" Companion 
" Contivity 

" CVX 
" DMS 
" Meridian 
" Norstar 
" OPTera 
" Optivity 
" Passport 
" Periphonics 
" Preside 
" Shasta 
" Succession 
" Symposium 
" Univity 

Each family contains a range of electronic telecommunication products. The vast 

majority are exchange, node or switching equipment designed to transfer voice, data and 

video either digitally or optically along thousands of miles of cable or optical fibre. 

In addition to the three core LOBs there are other business functions that serve each 

such as Global Operations, which includes functions such as Technology, Supply 

Management and Global Customer Services. These are divided according to 

geographical location. 

2.2.2 Geographical Organisation 

" Asia 
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" Americas 

" Europe, Middle East and Africa 

The division of the organisation into business functions enables clear focus on the 

requirements of specific markets, regulatory processes and competitor activities. 

2.3 Nortel Networks Environment Programmes 

Throughout the last decade environmental issues have become more significant and 
important to most large companies. This could be attributed, indirectly, to an increased 

societal awareness of the environment and possibly to the importance placed on the 

findings and recommendations of the 1992 Rio Earth Summit by governments and 

organisations globally. 

Directly, environmental issues have become more significant because of increasingly 

more stringent legislation, customer requirements, competitor pressure, the 

implementation of Environmental Management Systems and the development of the 

fields of ecodesign and life cycle assessment. In fact, from the Nortel Networks point of 

view, the sequential order of these factors reflects the degree of significance attributed 

to them. They have resulted in companies changing the way they do business by 

attempting to integrate environmental performance considerations with standard 

business practices. This results in a move away from the perception of environmental 
issues being solely compliance issues and towards a more proactive approach with 

environmental improvement as a business opportunity. This is particularly evident with 

the now widespread adoption of the environmental management system standard ISO 

14001 with a commitment to continual improvement. In many industries and notably in 

the electronics industry, ISO 14001 certification is becoming a licence to do business as 

customers specify it as a requirement through the supply chain. 

It can be argued though, that legislation still has the most dominant influence on an 

organisation's actions to improve environmental performance. In the past four years key 

legislation has been drafted at a European level which, when finalised, will result in a 
dramatic impact on the electronics industry. The principle of product stewardship and 
life cycle thinking is embedded in the objectives of the WEEE (Waste from Electrical 

and Electronic Equipment) and the RoHS (Restriction on the Use of Certain Hazardous 

Substances) Directives, which principally aim to reduce electronics waste and phase out 
the use of certain hazardous materials respectively. Both the WEEE and the RoHS 
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Directives will impact all Nortel Networks products. Further details on the WEEE, 

RoHS and EUP Directives are provided in chapters four and five. 

Nortel Networks is "committed to being a leader in the telecommunication industry in 

protecting and enhancing the environment. Wherever Nortel Networks does business, it 

will take the initiative to develop innovative solutions to environmental issues that may 

arise because of its products, operations and business activities" (Nortel Networks, 

1996). 

The organisation has maintained a proactive approach to improving environmental 

performance since the mid 1980s when it first introduced an environmental audit 

programme. Since the establishment of a Corporate Environment function in 1987 a 

number of programmes have been initiated either directly by the corporate group or 

indirectly by technology functions. 

Examples of some of the innovative programmes initiated include: 

" The elimination of ozone depleting substances from manufacturing operations in 

1992; 

" The generation of guidelines and a commitment to PERI (Public Environmental 

Performance Initiative) in 1993; 

" The setting of four corporate core environmental performance targets in 1994 (with 

a base line of 1993) to be met by 2000: 

"A continued growth in the number of sites with environmental management systems 

accredited to ISO 14001 (21 in 2001 and a proposed corporate certification); 

" The successful development and test of the world's first lead-free telephone; 

" The development, patent and use in products of a molybdenum phosphate corrosion 

protection and EMC shielding coating to eliminate the use of chromate in certain 

applications; and 

Research programmes on the development and implementation of ecodesign and life 

cycle assessment. 

The four environmental performance targets set in 1994 provided a real focus for each 
local site to contribute to a global objective. The four targets were: 

" Energy Efficiency: Improve overall energy efficiency by 10% by 2000; 
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" Pollution Prevention: Reduce total pollutant releases (air, water, hazardous wastes) 

to the environment by 50% by 2000; 

" Resource Conservation: Reduce paper purchases by 30% by 2000; 

" Waste Minimisation: Reduce all solid non-hazardous waste sent for disposal by 

50% by 2000. 

Since 1993 the organisation has reported its performance against these targets and also 

its performance for other significant impacts such as greenhouse effect and water 

consumption. All reporting data are collated in an environmental management system 

information management software tool, verified by a third party and the performance 

publicly reported in an annual environmental report. In 2000, the final results were 

released and the company had met two of the targets (energy efficiency and resource 

conservation). However the targets were set in absolute terms without consideration 

given to the impact of company growth on meeting the targets. When the performance 

is normalised against cost-of-sales it is evident that Nortel Networks have significantly 

improved their environmental performance since 1993 (see Figure 1). 

In addition to the corporate targets each individual Nortel Networks site will have its 

own targets to meet in terms of continual improvement. From 2000 onwards no 

corporate targets are planned but each site will continue to develop their own targets for 

continual improvement. 

Nortel Networks has a wealth of experience in implementing environmental 

management systems and related activities but also since 1993 there has been a steady 

and increasing emphasis on product-related environmental issues. This is partly due to 

legislation, ISO 14001 and customer interest and requirements but also due to a largely 

proactive approach by Nortel Networks to research on environmental performance 

improvement topics. Both Francis (1998) and Poyner (1997) demonstrated how product 

focused academic research could contribute to the generation and development of 

solutions and tools for continued product environmental performance improvement 

within Nortel Networks and further the fields of Life Cycle Assessment and Design for 

Environment. The research described in this thesis adds to this body of knowledge and 

primarily contributes to ecodesign and product life cycle management initiatives. 
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Nortel Networks Progress on 
Environmental Targets (1993 -1999) 
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Initiatives on product environmental performance improvement form part of the Nortel 

Networks corporate strategy on product life cycle management, to add value to its 

product portfolio and the services offered and to ensure it stays "one step ahead of 
legislation and protecting the environment" (Nortel Networks, 2001). Within this 

framework new opportunities are identified for continual improvement. Initiatives may 

be implemented and conducted either directly by the corporate Environment and Well- 

Being group or through the technology functions. 

Environmental strategy at Nortel Networks is dynamic. It evolves and responds to 

various pressures such as legislation, standards and customers. As the 

telecommunications market becomes increasingly more dynamic and competitive and 

new legislation is implemented over the next fives years the environmental strategy of 

Nortel Networks is likely to change dramatically. 

2.4 The Supplier and Component Qualification Process 

Component/supplier qualification is the first step in a process of approving components 
from specific suppliers for intended use in the designs and resulting products of Nortel 

Networks. The qualification process may be initiated by the following (Nortel 

Networks, 1999 a): 

9 Component selection resulting from new designs; 

9 Design enhancement projects on existing Nortel Networks products; 

7056 Rtductfon 

AM 
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" Proactive identification of new commodities and/or emerging technologies with 

potential for use in Nortel Networks; 

" The identification of supplier-specific and/or application-specific commodities 
for new or existing applications; 

" The need for additional sourcing; 

" The loss of previously qualified sources; 

"A need to re-assess the existing supplier/commodity; 

" Obsolescence; 

" Cost reduction activity; 

" Third party design capture; and 

" Integration of acquired companies into Nortel Networks. 

Within Nortel Networks, the component/commodity qualification is controlled by a 
Supplier and Parts Management Corporate Standard (Nortel Networks, 1999b) and 

associated standards. The standard details a generic process to assess the capability, to 

qualify and certify suppliers of commodities for use in products manufactured or 
distributed by Nortel Networks and its subsidiaries and an operating method that 

combines several Nortel Networks organisational groups and their expertise (Supply 

Management, Procurement, Component Engineering, Procurement Engineering, 

Product Assurance and Component Engineering) into a comprehensive team to manage: 

- supplier capability assessment and qualification; 

-a globally integrated supplier audit programme. 

The team is called the Portfolio Technology Management Team (PTMT) and its main 

responsibilities are; 

" Supplier selection; 

" Supplier strategy; 

" Monitoring contract performance; 

" Monitoring new technology opportunities; 

" Review and resolution of quality issues; 
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" Initiation of qualification activities/monitoring supplier performance and 

processes; and 

" Maintenance of audit schedule. 

For new Nortel Networks product development projects an additional process is 

followed to "facilitate selection and use of the best components and suppliers to support 

development and maintenance of cost effective and environmentally responsible 

products that are robust, reliable and manufacturable"(Nortel Networks, 1995). This 

requires the nomination of a component management prime for the project and the 

formation of a component management team. The team ensures that the objectives of 

the process are achieved through a selection of tools and methods that include a project 

component acceptance strategy (including component technology, packaging, test, 

supply and manufacturing strategies, high risk component strategies as well as 

components impacting customer safety and regulatory requirements and determining the 

need for alternate suppliers) and the generation of key item lists, component coding and 

qualification. The project component management team communicates and interacts 

closely with the PTMT. 

All suppliers of Nortel Networks supplying a component or commodity are subjected to 

the supplier and component qualification process to meet the requirements of Nortel 

Networks. In addition to qualification, suppliers are categorised further according to 

their level of business and technical performance. Once qualified, a supplier can become 

an approved VMR (Value Managed Relationship) supplier. A VMR supplier has 

preferred sourcing status and a close working relationship with Nortel Networks. 

Approved preferred and approved VMR suppliers are given the first opportunity to 

supply any new component, part or commodity. Thus, this categorisation practice has a 

dominant affect on the selection process. Categorisation of suppliers will be discussed 

in section 2.4.6. 

The organisational responsibilities in the current qualification process are provided in 

Table 1. The Design Prime has overall responsibility for the component management 

team. 
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Table 1. 
Nortel Networks Organisational Responsibilities in the Qualification Process 

Design Prime Provides technical information to facilitate the generation of the 
Controlling Document 
Ensures that only commodities meeting end product requirements, and 
capable of being approved, are selected 
Ensures that selected commodities go through the Commodity 
I ntroduction process (per CS 168.00) 
Ensures that Controlling Documents specify design and application - 
specific requirements where necessary 
Ensures commodity meets application-specific reliability requirements 
( Reference CS 180.40) 
Ensures that commodities are selected from approved Nortel suppliers. 
Design Prime or authorized delegate ensures that alternate source 
commodity is acceptable In the application. 

Nortel System House Supports the Commodity Introduction process (per CS168.00) 
Purchasing Provides supplier performance data 

Purchases approved commodities 
De-risks supply issues 
Ensures that commodities have multiple acceptable suppliers, whenever 
possible, per Nortel Networks Supply Strategies and design needs 

Nortel Supply Assesses business viability of suppliers (Reference CS 180.50) 
Management Defines Nortel Networks Global Supply Strategies through the PTMT 

Team 
Monitors supplier performance and provides feedback to CPP 
Negotiates Nortel Networks supply agreements and contracts for 
commodities 

Nortel System House Ensures that the manufactured Nortel Networks product contains only 
Component Material qualified commodities 
Engineering Monitors supplier quality performance and provides supplier support 

Provides feedback to CPP and Nortel Supply Management and PTMT on 
the quality performance of suppliers 
Coordinates local application-specific (03) and facilitates qualification 
activities (02) 
Generates and maintains local Controlling Documents where required 
Co-ordinate PCN activities in Nortel System House. 
Ensure new additional sources are acceptable in application. 

Commodity Portfolio Provides early design guidance in the selection of commodities, 
Prime technologies and suppliers 

Monitors and informs key Nortel personnel of future commodity, supplier 
and technology trends 
Assists design prime to review application-specific reliability 
requirements of commodity where applicable 
Introduces new commodities and suppliers to the Corporate Database 
Issue/identify Controlling Documents 
Assesses commodity compliance to the Controlling Documents 
Makes the qualification decision and records It on the Corporate 
Database 
Assesses the capability, quality, Integrity, and potential risk of 
commodities and suppliers 
Co-ordinate and facilitate the audit program with other Nortel Network's 
System Houses 
Assesses supplier process changes and last-time-buy notices, and 
follows CS180.63 
Maintains key commodity Information on the Corporate Databases 

The generic supplier and parts management process consists of three core aspects of' 

qualification: 
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" Supplier assessment (Q1), as covered in CS180.50 (Nortel Networks, 1999c) 

o Business assessment (Qlb) 

o Technical capability assessment (Qlc) 

" Commodity quality and integrity assessment (Q2), as covered in CS 180.60 

(Nortel Networks, 1999a) 

o Generic technology (Q2t) 

o Commodity/part specific requirements (Q2p) 

" Application specific assessment (Q3), as covered in CS180.60 (Nortel 

Networks 1999a). 

2.4.1 Supplier Assessment 
Supplier assessment consists of two core activities: 

o Business assessment (Qlb) 

o Technical capability assessment (Qlc) 

The combined result of the two activities is a supplier qualification status. This status is 

recorded in the component database and is applied to a company or corporation as a 

whole, regardless of the number and location of its operations, or the commodities 

provided by the supplier. 

2.4.1.1 Business Assessment 

Business assessment requires the following considerations to be addressed by the 

Supplier Auditing and Qualification Team. 

2.4.1.1.1 Business Stability 

The supplier's financial position shall be measured as per Nortel Networks Procedure 

712.09, which includes an assessment of a recent financial statement by a qualified 
Nortel Networks financial analyst, a review of payment history, debt structure, liens or 
judgements. 

2.4.1.1.2 Security of Supply 

The supplier shall have adequate capacity and commitment to supply the commodity 
throughout the product life cycle. 
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2.4.1.1.3 Conflict of Business Interest 

Business conflict (competition) to Nortel Networks shall be identified. Conflict of 

interest with any person that would bring any future relationship into question shall not 

exist. 

2.4.1.1.4 Product Diversification 

The supplier should have diversification in a product environment (e. g. multiple 

products in multiple markets to ensure steady growth and minimal risk of business 

failure). 

2.4.1.1.5 Global Supply Strategy 

The supplier should have the ability to be a global supplier to Nortel Networks, 

including a willingness to provide unified pricing, contracts, distribution, and support. 

2.4.1.1.6 Nortel Networks Business Level 

The level of Nortel Networks business relative to the supplier's overall business level 

should not exceed industry norms (15 - 30% maximum). VMR suppliers may be exempt 

of this requirement if the PTMT agrees to a higher level. 

2.4.1.1.7 Compatible Policies 

The supplier should have company policies, objectives and ethics compatible to Nortel 

Networks. 

2.4.1.1.8 Other Requirements 

When applicable, the supplier should be consistent with supply requirements covered by 

legislation (e. g. minority owned, local content) and customer contractual requirements 
(e. g. trade offsets). 

2.4.1.2 Technical Capability Assessment 

Nortel Networks prefers to conduct business with suppliers that have the following 

technical attributes listed in section 2.4.1.2.1 to 2.4.1.2.6 inclusive. The Supplier 

Auditing and Qualification Team are responsible for ensuring suppliers have the 

specified technical attributes through the technical capability assessment. The focus of 

the technical considerations is on the supplier processes and practices. 
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2.4.1.2.1 Quality Systems 

The supplier shall have, on commodities where applicable, a detailed and complete plan 

for Total Quality Management, including Statistical Process Control, continuous 

improvement, training, root cause analysis, failure mode and effects analysis, yield, 

customer complaint process, management and control of his supply chain, outgoing 

quality and any other relevant process. 

If the supplier has a recognized ISO 9000 certification or equivalent, this shall 

constitute an approved and acceptable quality system. In cases where this is not so, the 

Corporate Standard 180.61 questionnaire (Nortel Networks, 1995) shall form the basis 

for this assessment towards qualification. 

2.4.1.2.2 Technology 

The Supplier shall have processes, which are compatible with the technology and 

commodity requirements of Nortel Networks. The Supplier should also demonstrate 

efforts made in continuous improvements of existing and new technologies. 

2.4.1.2.3 Research and Development Programme Alignment 

The R&D projects underway and planned for the future, should complement a 

successful Nortel Networks/supplier relationship, ideally parallel to Nortel Networks 

efforts for technology, quality and cost improvements. 

The supplier shall be able to demonstrate to Nortel Networks their product and/or 

technology roadmap of their current and future offerings. 

2.4.1.2.4 Documented Processes for Part Design and Manufacture 

The supplier shall fully document the processes and procedures used. The qualification 

team will confirm this while actual audits will be performed during the qualification 

activities. Corporate Standard 180.40 (Nortel Networks, 1999b), defines typical 

requirements. Satisfactory completion of the Corporate Standard 180.52 (Nortel 

Networks, 1994) questionnaire is also required for granting a supplier approved status. 

If a third party (subcontractor to Nortel's supplier) performs any part of the design or 

manufacturing processes, the following activities must be undertaken by the 

Qualification Team to assess the acceptability of the process used: 
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" Review the control, procurement and acceptance practices of the subcontracted 

process and the parts resulting from this process. 

" Review the supplier's auditing and qualification process used with the 

subcontractor. 

" Assist in the supplier's subcontractor audit activities as required, which are to be 

lead by the supplier. Any corrective actions logged against the subcontractor by 

the supplier shall be included or referenced in the Nortel audit report of the 

supplier. 

2.4.1.2.5 Environmental Programmes 

The supplier shall fully comply with all applicable environmental regulations. The 

supplier will continuously reduce the impact of its operations and products on the 

environment by reducing emissions and waste, by the use of post-consumer materials, 

by product stewardship, and by other means as necessary. Compliance to ISO 14001 

and/or Corporate Standard 180.65 (Nortel Networks, 1995) is beneficial to demonstrate 

the good will of a supplier towards environmental issues. 

2.4.1.2.6 Technical Ability 

The supplier must have the technical processes and engineering in place to be able to 

demonstrate consistency in the capability of meeting all the requirements of the General 

Controlling Document, detailed specifications or supplier documentation. Part of this 

assessment is a supplier audit to Corporate Standard 180.52 (Nortel Networks, 1994) on 

reliability processes. The qualification team and/or the PTMT, prior to the assessment, 
determine the remainder of the technical assessment required. 

2.4.1.3 Qualification Status 

Suppliers that have been assessed against the requirements described in the previous 

two sections (part one of the qualification process) and have been validated using a 

specified audit process are then granted a supplier qualification status that combines 

possible results for both the business and technical aspects of the assessment. 

The statuses are: 

A- The supplier meets the business and/or technical capability criteria; 
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D- The supplier does not meet or no longer meets the business or capability criteria 

of Nortel Networks; 

N- The supplier has been identified, but either no action has been taken to assess 
business and capability issues, or the action is to be completed by the date given 

on the corporate database. 

W- The supplier qualification activity is complete. Corrective actions have been 

identified and are pending completion. Status will revert back to "N" status if 

there is no follow up within one year. 

2.4.2 Commodity Quality and Integrity Assessment 
The objective of the commodity quality and integrity assessment process is to assess 

commodity families and/or technologies to meet the specified criteria for 

quality/integrity and subsequently introduce them into Nortel Networks products. The 

process also results in the assignment of the appropriate supplier-part status. 

2.4.2.1 Technology Assessment 

The first step in the commodity assessment process is an evaluation of the generic 

technology associated with a commodity. This evaluation allows all those newly 

introduced commodities that use the same technology to be automatically allocated an 

appropriate qualification status without the need for direct evaluation. An example is the 

printed circuit board commodity where many individual boards with unique part and 

engineering numbers will use the same technology e. g. six-layer boards. 

It is the responsibility of the technical engineer (the commodity portfolio prime) to 

determine the technology status of the respective commodity. The technology may be 

developing, mature or proven. The commodity portfolio prime evaluates the integrity of 

a technology provided by a supplier in conjunction with the capability assessment (see 

section 2.4.1.2). This allows a decision to be made regarding possible extension of a 

qualification status by similarity to any new commodity of the same type, from the same 

supplier. 

Qualification by similarity can also be achieved by satisfying all or some of the 

following criteria: 

" Similar technology; 

9 Manufacturer is the same for both commodities; 
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" Manufactured at the same site/sub-contractor; 

" Manufacturing processes are similar; 

" Manufactured using the same approved materials for the commodity and using the 

same process materials; 

" Designed by the same manufacturer; and 

" Similar performance characteristic of the part, component or commodity. 

2.4.2.2 Commodity Introduction 

All new commodities undergo the same procedure for introduction into the product 

development or manufacturing cycle of the company (for new projects this process may 

also form part of the new product introduction process). The procedure is initiated by a 

component request being made to the engineering prime for the commodity. This prime 

will then review the request against a range of criteria if an appropriate level of 

information has been provided. Some form of a controlling document would be 

considered an appropriate level of information. The controlling document captures the 

fit, form, function, quality and integrity of the commodity. The controlling document 

could be a Nortel Procurement Specification, a corporate standard, specifications unique 

to a system house, drawings, circuit diagrams or schematics or industry standards. The 

consideration criteria are: 

" commercial off-the-shelf versus custom commodity; 

" proven or emerging technology; 

" commercial life expectancy; 

" consistency with Nortel Networks Global Supplier Strategies; 

" technical preference; 

" safety/regulatory requirements; 

" performance/application requirements; 

" quality and integrity of commodity; 

" component rationalization; 

" end market customer requirements; 

49 



" availability (e. g. obsolescent technology, declining supply base, etc. ); 

" suppliers/sourcing; 

" reliability standards/requirements; 

" cost (price and/or total cost); 

" sensitivity of the application; 

" electrical and/or mechanical parameters; and 

" manufacturability. 

Commercial off-the-shelf supplier parts with proven technologies from approved 

suppliers will not undergo rigorous evaluation as it is considered unnecessary but will 

be allocated automatically either an A or D qualification status based primarily upon 

qualification by similarity (see Table 2). Commercial off the shelf supplier parts with 

emerging technologies will undergo thorough qualification and will normally be 

allocated E or F status. 

The engineering prime's decision to qualify also takes into account the supplier 

assessment procedure including the capability assessment, the supplier audit and issues 

such as product tests and reviews which are all part of the overall qualification plan. 

The supplier-part qualification indicators and definitions are provided in Table 2. 

Table 2. Supplier Part Qualification Indicators and Definitions 

A The 'supplier-part' meets the requirements for 
quality and integrity, as Indicated In the 
controlling document, for the Product Level 
identified, If applicable. 

H - Part pending initial application verification. - Used for Nortel 'custom' 
- Controlling document may not be released. commodities 

- Not used for COTS 
commodities. 

E - Testing Is underway for verification of quality - Used for the introduction 
and integrity. of 'emerging' technologies. - 

High confidence for use. Not used for COTS/proven 
- Controlling document not complete. commodities. 

D - The 'supplier-part' does not meet the 
requirements for quality and Integrity as 
indicated In the controlling document, for the 
Product Level Identified, if applicable. 

N - No assessment activity has commenced or, - This Indicator will be 
- Assessment has commenced with a used for COTS/emerging 
completion date Identified on the corporate technology, but 
database. - Not used for COTS/proven 

technology. 
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F -A field replaceable part for a configurable OEM 
system meets the requirements for quality and 
Integrity, as Indicated In the controlling 
document, for the Product Level Indicated, If 
applicable. 
E. g.. fans in an OEM system 

X -'Supplier-part' no longer available; typically 
has been discontinued. 

V - Supplier-part specified for use In non-Nortel 
Networks developed design (third party design, 
acquisition, JV, etc. ). 

2.4.3 Application Specific Assessment 
Custom components (application specific) are subject to further evaluation particularly 

in terms of reliability in a given application and it requires comprehensive input from 

the design authority. Application-specific reliability is defined as the ability of the part 

to function within given performance limits under specific conditions over a specific 

length of time, and may be assessed through physics-of-failure reliability evaluation and 

through application specific testing. 

Application specific assessments result in the allocation of an application specific 

qualification indicator that is entered in the component database. This indicator will 

supersede the H indicator initially given in the commodity quality and integrity 

assessment. The indicator allocated automatically triggers the same indicator for 

supplier part qualification. Indicators and definitions are provided in Table 3. 

Table 3. Application Specific Qualification Indicator Definitions 

A The 'supplier-part' meets the INITIAL - Only used for 'custom' 
application-specific requirements, as indicated commodities. 
by the design authority. - Initiated by'H' Part 

Qualification Indicator 
(02) 

T The'supplier-part' is in process of application- - Only used for'custom' 
specific testing by design authority. commodities 

- Not used for COTS 

D The 'supplier-part' does not meet the Initial 
application-specific requirements as indicated 
by 
the design authority. 

2.4.4 Overall Indicators 
An overall indicator is also generated for each supplier part that integrates all the 

elements of the Parts Selection and Management Process into one indicator. This serves 

as a screening process for the consideration of supplier parts for future use. The 

indicators are provided in Table 4. 
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Table 4. Supply Management Overall Indicator Definitions 

R Recommended for use in new design 

C Caution for use in new design. Either supplier Is not on approved list, or supplier 
is not qualified (01), or part is not qualified (02). 

D Do not use in new designs. Part is high risk due to obsolescence, or disqualified 
supplier or part is disqualified. 

2.4.5 Environmental Performance Consideration in Qualification 
The existing supplier and parts management qualification process at Nortel Networks 

does include the consideration of environmental performance but its application is 

limited and implementation is inconsistent as detailed in Chapter 5. The supplier 

assessment process states that the "supplier will comply with environmental regulations 

and will continuously reduce the impact of its operations and products on the 

environment" (See section 2.4.1.2.5). Compliance to ISO 14001 and/or Corporate 

Standard 180.65 is also recommended. This Corporate Standard was approved in 1995 

for supplier environmental assessment (Nortel Networks, 1999d). This procedure details 

a prescriptive method to audit a supplier's environmental management system at a 

specific site and attempts to capture some indication of activities being conducted by the 

supplier to improve product environmental performance. Procedures for supplier 

environmental assessment were also developed on a site-by-site basis to meet the 

individual site ISO 14001 requirements. This situation resulted in different locations 

and business units approaching the consideration of supplier environmental 

performance in many different ways with a wide variation in results. 

SEAP (detailed in Chapter 6) was developed by the research engineer to replace 

existing practices, to standardise and align the process and particularly to add focus to 

the issue of product environmental performance. SEAP as a process was recommended 

to Nortel Networks and has been modified by the Corporate Environment Group. It will 
be implemented through the Supply Management function with a set of supplier Core 

Environmental Requirements. SEAP was developed as a tool to benchmark suppliers, 

set prescriptive minimum requirements (which may result in direct supplier de- 

selection) and aid the drive towards continual improvement. In addition, SEAP results 
for each supplier can be integrated directly into the component or technology 
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qualification process in such a way as to allow supplier environmental performance to 
have a positive influence on component qualification. The suggested component eco- 

evaluation methodology is detailed in section 7.1.2. 

In terms of existing processes in place to specifically evaluate the environmental 

performance of components few are evident either within Nortel Networks or in other 

electronics companies other than compliance to a prescriptive list of substances (Philips, 

Ericsson, Lucent). In the past, specific material requirements have been stipulated in the 

specifications of a Nortel Networks design and have therefore been detailed in the 

component procurement specifications. An example is the sourcing of "lead-free" 

components for a particular project. 

With the introduction of regulatory controls on certain substances in electronics 

products in Europe (RoHS Directive) the Nortel Networks supply management group 

plan to capture an appropriate declaration and make it visible in the regulatory field for 

component qualification. 

Supplier hazardous material requirements for products have also been detailed in the 

supplier Core Environmental Requirements programme in the form of prescriptive lists 

of materials that Nortel Networks would prefer not to be in their products (see section 
7.1.2.1). This programme is still to be formally implemented. 

2.4.6 Approved Vendor List Categorisation 
Each supplier, when qualified, is placed on the Approved Vendor List (AVL) in a 

category. This list has three core categories: 

" Approved-Preferred Supplier 

" Approved-Niche Supplier 

" Supplier 

An approved-preferred supplier is "a long term, global, contracted, supplier that 
demonstrates technology and R&D leadership in their field that is complementary to 
Nortel Networks future product growth, and has proven to have superior quality, 
delivery, service and demonstrates to be the highest value supplier for a group of 

commodities" (Nortel Networks , 1999b). 
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An approved-niche supplier is "a supplier that is qualified for use for strategic purposes 

and/or market leadership, due to a unique or specific commodity offering which is not 

available from a preferred supplier" (Nortel Networks, 1999b). 

A supplier is "an external business that accepts and delivers goods and services to 

Nortel Networks at an agreed price, quality and time as the result of a request based 

solely on the market-acceptable attributes for the goods or services being purchased at 

the time" (Nortel Networks, 1999b). 

In addition to categorisation on the AVL suppliers can be further qualified and 

integrated into the Value Managed Relationship (VMR) programme. A Value Managed 

Relationship "involves an extraordinary agreement between Nortel Networks and a 

company doing business with Nortel Networks in which both entities understand that 

the business will be managed based on its total long-term value to both companies. 

Such a relationship must be built on mutual trust, a history of exemplary business 

practices, and complementary marketing and technological goals" (Nortel Networks, 

1999b). 

VMR suppliers and preferred suppliers are given the first opportunity to supply any new 

component, part or commodity. This hierarchy of selection reduces the need for the 

business and technical capability assessment aspects of the qualification process to be 

conducted. It also has a significant impact on the supplier selection process for both 

commercial off-the-shelf and custom components. 

Until the introduction of the supplier Core Environmental Requirements Programme 

which sets minimum environmental performance requirements for approved suppliers to 

meet (compliance with legislation, an environmental policy and the implementation of 

an appropriate environmental management system) the only prescriptive environmental 

performance requirement of suppliers was compliance with regulation. Therefore 

qualification as a VMR supplier did not involve the meeting of any more stringent 

environmental performance criteria in terms of company or product environmental 

management. In fact, results from the SEAP pilot study suggest a significant variation in 

the environmental performance of VMR suppliers. 

Currently, environmental performance of suppliers and products has very limited impact 

on the supplier or component selection process. The approach is to accept a minimum 
level of environmental performance as opposed to seeking to use environmental 
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performance proactively as a differentiator and a way of improving medium and long- 

term business viability. With the introduction of more complex and demanding 

environmental legislation in the electronics sector in Europe and increasing demand 

from customers for more information on product environmental performance and 

products with improved environmental performance a minimal approach is unlikely to 

be one that supports strong business development. 

2.4.7 Commercial Manufacturing Component Sourcing 
The third stage of the product life cycle where potential component sourcing decisions 

are made is during manufacturing and the allocation of high volume contracts to 

suppliers by the Nortel Networks supply management function. 

Rarely are commodities sole sourced. This means that at least two suppliers are 

qualified to supply a specific component at any one time. For many passive commercial 

off-the-shelf electronic components (resistors and capacitors) there may be four 

suppliers with approved-preferred status and another six with approved supplier status. 

It is the responsibility of the respective Nortel Networks supply management 

commercial portfolio primes to negotiate and develop contracts with each of the 

suppliers. The allocation of contracts will be influenced by several factors including the 

status of the specific supplier strategy and the commodity strategy, cost, security of 

supply, inventory control etc... At any one time one factor may have greater influence 

on the spread and allocation of contracts because of changes in the company's business 

strategy. 

A further complication to the supplier selection process now exists with the recent 

changes in the strategy and structure of the Nortel Networks supply base. In the last two 

years a significant proportion of manufacturing activities have been out-sourced to 

contract manufacturers, particularly the manufacturing of printed circuit board 

assemblies. This practice is a trend that has proliferated throughout the 

telecommunications industry. It has resulted in the contract manufacturers being given 

increasingly more control over the selection of suppliers of commercial off-the-shelf 

components, thus taking advantage of their potential for increased purchasing leverage 

due to high volume and spend. In this scenario the components and suppliers are still 

qualified by Nortel Networks and the contract manufacturers are obliged to use 

suppliers on the Nortel Networks approved vendor list. However, there is a possibility 
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that the contract manufacturers may take increasing ownership of the qualification of 

suppliers of commercial off-the-shelf components. 

2.4.8 Component and Material Selection in Design 
Discussions with design groups within Nortel Networks have revealed that because of 

the time to market pressures regarding new product introduction and the complexity 

associated with eco-evaluation, designers would prefer that any form of component eco- 

evaluation be made before components are made available for use in design if possible, 

i. e. during qualification. Components that are introduced as part of a new design would 

undergo eco-evaluation during qualification. Hardware (electrical) designers focus 

primarily on functionality, cost, area, power and weight and it is a sensible suggestion to 

remove the need for these designers to be involved in eco-evaluations at component 

level. However, if designers were actively practising ecodesign they would be expected 

to conduct some form of evaluation at the circuit or circuit pack level, particularly in the 

consideration of different circuit lay-outs or functionality which would entail different 

component deployment and placement (e. g. application specific circuit versus standard 

lay-out). Eco-performance becomes another variable to be added to the trade-off 

decision-making process in meeting the performance requirements for the product. 

Component material data and evaluations could provide input to the process and assist 

in generating data for life cycle decision making at product level such as end-of-life 

management. Currently, specific environmental life cycle material issues are not 

considered systematically during hardware design at Nortel Networks apart from mass 

minimisation for functionality and cost reasons. 

2.5 Conclusions 
This chapter provides an overview of the dynamic and changing nature of the 

telecommunications industry and Nortel Networks as an organisation. Because of 

constant change the organisation is continually reviewing and revising its strategy on 

environmental performance improvement and investment in environment-related 

research. It is likely that research programmes and implementation will continue on 

design for environment, life cycle assessment and product life cycle management in the 

foreseeable future. Furthermore, environmental performance improvement could 

become more significant in influencing the overall performance of the company. 
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It has been stated that any methodologies developed for improved supplier and 

component environmental assessment or evaluation will have to be incorporated in to 

the existing supplier and commodity evaluation process. 
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Chapter 3 Research Programme 

The objectives of this chapter are to: 

9 Introduce the research aims; and 

" Outline the framework and the methodology used in conducting the research. 

3.1 Introduction 
This chapter provides an overview of the conception of the research and a description of 

how it evolved and how it was managed. The research programme aims were defined at 

the start and a four-year project plan developed. Because of the "hands-on" nature of the 

research it was necessary to adopt a flexible approach to the programme plan as many 

of the activities and milestones specified in the plan were dependant on input from 

various business functions within Nortel Networks. Certain business decisions that were 

made, impacted on phases of the research and plans had to be changed accordingly 

(notably on data capture). 

Initially it was envisaged that an action research methodology could be used because the 

research project is a problem or issue-centred approach. The core objectives of action 

research are to solve a problem through the development of a practice or solution that 

will advance the pool of knowledge in the specific situation environment and will 

improve the understanding of the practice by all involved in the project (see 

Warmington, 1980). As the devised research programme involved the interaction of 

many business functions it seemed appropriate that such a methodology be adopted. 

However, as the programme progressed it became apparent that many of the 

implementation aspects of the programme would not be accomplished and put into 

practice. Thus, the applied methodology moved more towards the traditional Popperian 

view of the logical processes that have to be gone through for scientific progress to be 

made. This involves generating an hypothesis and devising experiments or actions to 

prove or disprove it and reporting back to the accepted corpus of knowledge. Of course, 

action research also includes these steps but it also considers the context of the research 

and the impact of the parties involved on the research outcome and on themselves. 

Thus, the programme of research comprised of the setting of aims, the generation of an 
hypothesis and a set or core research questions and a set of actions to determine the 

answers to the research questions and therefore prove or disprove the hypothesis. 
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3.2 Research Aims and Objectives 

The core research project focuses on product life cycle environmental data management 

and decision-making in product development and manufacturing supply chain 

management. 

The aim is to contribute to improvements in the environmental performance of Nortel 

Networks products through the development of product environmental information 

management systems and decision-making methodologies for component selection (as 

agreed by Nortel Networks and Brunel University). 

The core objective is to investigate the feasibility of integrating supplier-specific 

product-specific environmental data into the ecodesign process and the Nortel Networks 

Product Life Cycle Management (PLCM) system. The project is one component of a 

response of Nortel Networks to the increasing need for improved environmental 

performance of products and company activities. The need for improved product 

environmental performance in the telecommunications industry and the integration of 

"green" design practices (ecodesign/DfE) into the product development process are 

driven by three key pressures: 

" customer requests for eco-friendly products and the inclusion of environmental 
criteria in customer supplier selection processes; 

" legislative requirements; and 

" ISO 14001 requirements. 

The research project involved the investigation and development of methods and tools 

to meet the information and product environmental performance requirements of 

customers of Nortel Networks, legislation and ISO 14001 and consequently to improve 

product environmental performance. 

3.3 Research Methodology 
The research was regarded as being very much "hands-on" or "real world" in nature. 

The majority of the research was not conducted in isolation but involved considerable 
interaction with Nortel Networks business functions. This means that the research 

engineer could be considered part of an expanded team. The team was used as an 

essential source of information and was also the final customer for the research results 

and recommendations. This approach was considered essential if the methods or tools 
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developed and proposed were to stand any chance of being implemented and integrated 

into current or future systems within the company. Ensuring the "team" remained 

informed of all progress and was included in any decision-making that resulted in 

impacts upon the project was very important. In addition it was necessary to remain 

abreast of all developments that may have affected the project as both the ecodesign and 

the telecommunications fields are fast moving and dynamic. 

An overview of the research methodology framework used in the EngD research project 
is depicted in Figure 2. The process consists of defining the problem, investigating 

relevant previous work conducted in the field, generating options, planning, 
implementing, testing and reviewing solutions in a cycle until a decision is made to 

implement the recommended solution. After implementation the practice should be 

monitored and evaluated for performance and continued effectiveness and a revision 

plan developed if necessary before entering the improvement loop again. 
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Figure 2. Overview of the Research Methodology 

However, because of the resulting lack of implementation of the proposed solutions in 

the time frame of the research the final element of the framework could not be 

ý 
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completed. Implementation failed in the time frame because of a lack of support for the 

research findings from within various business functions within Nortel Networks. 

Another valuable observation is that in an organisation the size of Nortel Networks 

obtaining support for new, sometimes-radical processes at a high level in the company 

is very difficult. Also it is not unusual that many research programmes fail to get 

adequate exposure to senior individuals in the company who are the key decision 

makers. 

3.4 Project Management 

The research methodology described in section 3.3 provided a top-level research 

framework for the research project. The project was driven by a core hypothesis that 

equates to the problem definition phase of the methodology framework in Figure 2: 

Hypothesis 

Supplier product and company environmental data can be integrated into the 

Ecodesign and Product Life Cycle Management systems of Nortel Networks or any 

telecommunications network solutions company. 

To prove or disprove this hypothesis a set of research questions was generated with 

associated programmes of work (see Figure 3). 

Hypothesis Supplier product and company environmental data can be 
integrated into theEcodesign and Product Life Cycle 
Management systems ofNortel Networks 

i Programme 1 
Research 
Question 

What information needs to be obtained from suppliers to meet the 
requirements of ecodesign, legislation, customer requests and ISO 
14001? 

i Programme 2 
Research 
Question 

What methods can be used to obtain the information from suppliers? 

i Programme 3 
Research 
Question 

How can the supplier information be used by the Nortel Networks design 
community, purchasing function. ISO 14001 systems and sales 
functions? 

Figure 3. Research Questions and Programmes of Work 
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Each of the research questions leads to a programme of work. The three programmes 

were broadly conducted in chronological order although elements of concurrency did 

emerge as the project progressed. A project management plan was generated to provide 

a detailed road map in terms of specific objectives, activities and time frames for 

completion of each programme and of the complete project. Project details were also 

documented in a Nortel Networks "Work Package Description" for adherence to 

internal quality management requirements. The project management plan can be seen in 

six-month report number 4 (second year dissertation). 

Programme one consisted of reviewing customer information requirements and 

legislation and the development and implementation of a gap analysis to determine the 

data capture requirements. 

Programme 2 involved the investigation of data sources and methods for data capture 

focusing on a web-based technology solution. 

Programme 3 consisted of developing a sophisticated method for component eco- 

evaluation for component qualification and feasibility testing of the generation of 

product material profiles using three case study products. 

At the start of the research it was anticipated that the data capture element of the 

research would be implemented and the framework in Figure 2 followed to the letter. 

This would have yielded some valuable results in terms of exploring further iterative 

steps to refine and improve the data capture process. In hindsight it was, perhaps, naive 

to assume that the methods would be implemented. 

The initial focus was also purely on capturing data for component evaluations. 

However, it was clear early on in the research programme that supplier environmental 

evaluation methods generally had also to be developed. The six-month reports detail the 

change in scope. 
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Chapter 4 Background 

4.1 Introduction 
The aim of this section is to provide an overview of work conducted in the field of 

research that provides a context for the research project. It demonstrates the RE's 

awareness and understanding of the field of study, research previously conducted and 

provides a context for the RE's contribution to knowledge. Initiatives and relevant 

bodies of work are also discussed in chapters 5,6 and 7. 

Due to the nature of the project, several core bodies of literature have been consulted, 

each focusing on a particular aspect of the overall research. They can be simply 

categorised as: 

" Ecodesign; 

" Supplier environmental assessment and supply chain management; and 

" Customer request responses; 
All relevant literature was identified by conducting searches in various databases for 

books, journal articles, conference proceedings, PhD dissertations, newspaper articles, 

company documentation and web sites. A list of the literature identified and obtained 

for each of the above sections and those included throughout this document is provided 

in the references section. 

4.2 Ecodesign 
The research project is focused on ultimately improving the environmental performance 

of Nortel Networks products through improved Product Life Cycle Management 

practices. PLCM encompasses all activities associated with managing the 

environmental issues of a product from cradle to grave. Simplistically this will include 

ecodesign, use and product takeback. 

Ecodesign is central to product (or service) environmental performance improvement. 

Throughout this chapter reference will be made to products but the same principles and 

concepts can be applied to services and one of the ideologies of improved product 

environmental performance is that products should increasingly be thought of as 

providing a service rather than a commodity or physical entity. But what is meant by 

product environmental performance improvement? In simple terms it means the 

reduction in the use of resources that are inputs to the product lifecycle and the 
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reduction in pollutants or environmental burdens that are outputs of the product 

lifecycle. It is at the design stage in the lifecycle where key decisions are made that will 

have dominant influence on the environmental performance of the product. Examples 

are the mass and type of materials used (in terms of resource depletion, toxicity and 

recyclability) and the energy consumed. The principles and practices of ecodesign can 

be applied to the design of any product or service. 

4.2.1 Definitions 
As the field of ecodesign (also known as Design for Environment (DFE)) has grown 

phenomenally over the last five years a plethora of definitions have developed. 

Examples are provided below. 

"Design for Environment is an objective technique for making environmental 

considerations an integral part of the design of the product, process or technology. " 

(White, 1999). 

"Design for Environment is a novel approach to systematically reduce or eliminate 

environmental impacts throughout the life cycle of a product or process by accounting 

for potential impacts at the outset and during the continuing course of the design 

process" (Digital Equipment Corporation et al, 1997). 

"Environmentally Conscious Product Design, often referred to as Design for 

Environment or Ecodesign, aims to make efficient use of natural resources over the 

entire life cycle of products. It is not simply improving a product, it means embedding 

the environmental issues in the product policy and strategies and in the product creation 

process. " (Philips Electronics N. V, 1997). 

"Integrating environmental considerations systematically into the design of products, 

processes and services is called Design for Environment (Ecodesign). Ecodesign 

practices are intended to develop environmentally compatible products and processes 

while maintaining or improving price, performance, and quality standards. " (The 

Environment Council, 1997). 

Ecodesign is "Design which addresses all environmental impacts of a product 

throughout the complete life cycle of the product, without unduly compromising other 

criteria like function, quality, cost and appearance. "(Eco2-IRN, 1998). 
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Ecodesign is "systematic consideration of design performance with respect to 

environmental, health and safety objectives over the full product and process life cycle" 

(Fiksel, 1996). 

Each of the above definitions contains individual subtleties but most include the terms 

environmental impacts or considerations, and life cycle. Both The Environment Council 

and Eco2-IRN also incorporate other important criteria that product design must take 

into account such as cost, quality and function. This is an important practical 

consideration as ecodesign principles must be complimentary to other DFX (Design for 

"X") practices such as those suggested by Graedel and Allenby (1995) which include 

assembly, regulatory compliance, manufacturability, reliability and testability. 

In addition to the term ecodesign, there are two other terms that characterise the level of 

environmental consciousness deployed in the design process. Poyner (1998) suggests 

that "green design" sits at the bottom of the environmentally conscious design hierarchy 

as it treats the environmental design of the product as an objective rather than a 

constraint. This mainly involves consideration of the materials in the product and it's 

end-of-life fate (Mackenzie, 1991). Ecodesign is second in the hierarchy because it 

considers a wide range of environmental burdens enabling the designer to prioritise 

certain impacts and target them for improvement. "Sustainable design" sits at the top of 

the hierarchy as it goes way beyond the constraints of the fit, form and function of the 

product as a focus of the design and considers the societal need for the production of the 

product in the first place, consumer attitudes and ownership. It could be argued that 

ultimately sustainable design should be the objective of product manufacturers but it 

requires a paradigm shift in social, political and economic attitudes and principles. 

Certainly Nortel Networks, and I would suggest most of their competitors, are not 

committed to moving towards sustainable design. I do, however, believe that one day 

they will have to. 

4.2.2 Ecodesign Principles 
A comprehensive ecodesign approach for products will consist of the application of a 

combination of practices developed to improve eco-efficiency and perhaps to achieve a 

certain set of environmental performance goals. Some practices result in improvements 

that are self-evident e. g. mass minimisation, others may require further analysis to 

establish the degree of improvement e. g. material toxicity. The fundamental targets for 
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the practices are reduction in resource use and reduction in pollution over the entire life 

cycle of the product while satisfying costs and performance requirements in order that 

the product remains competitive. 

Fiksel (1996) describes the core ecodesign practices as: 

" Material substitution; 

" Waste source reduction; 

" Substance use reduction; 

" Energy use reduction; 

" Life extension; 

" Design for seperability and disassembly; 

" Design for recyclability; 

" Design for disposability; 

" Design for re-usability; 

" Design for remanufacture; and 

" Design for energy recovery. 

Graedel and Allenby (1995) suggest "the least difficult way to ensure that 

environmental principles are internalized into manufacturing activities in the short term 

is to develop and employ ecodesign as a module of existing DFX systems. Moreover, 

the fact that ecodesign is intended to be part of an existing design process acts as a 

salutary constraint, requiring that ecodesign methods and analysis be implementable in 

the real world". 

This statement may be true, but the challenge lies in the training of designers in 

ecodesign principles, the provision of suitable tools that are compatible with existing 

Computer Aided Design (CAD) tools, and the development of a transparent procedure 

for product design environmental impact comparison, which also minimises the affect 

on time to market. 

Central to any application of ecodesign is life cycle thinking. The designer needs to 

consider the entire life cycle of the product from "cradle to grave" or even "cradle to 

cradle". This will ensure that environment impact reduction in one phase of the life 

cycle does not result in greater environmental impact in another and that responsibility 
for the product exists beyond the factory gate right to end-of-life. The typical product 
life cycle with end-of-life loops is shown in Figure 4. 
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Figure 4. The Product Life Cycle 

4.2.3 Ecodesign Implementation Challenges 

Fiksel suggests that "to perform ecodesign consistently and effectively is challenging 
for several reasons: 

" The necessary environmental expertise is not widely available among product 
development engineers; 

" The complex and open-ended nature of environmental phenomena makes them 

difficult to analyse; and 

" The economic systems in which products are produced, used and recycled are much 

more difficult to understand and control than the products themselves. " 
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The first point highlights the need for an extensive training programme in companies 

implementing ecodesign across the company design community as the majority of 

product designers have no formal training in environmental design issues. This 

illustrates the cross-functional nature of ecodesign. The environmental "expert" has to 

communicate environmental issues effectively to the design engineer. 

The second point indicates the potential high complexity of ecodesign. The use of 

certain ecodesign initiatives in the design process, such as mass reduction, will 

undoubtedly contribute to the reduction in the environmental impact of the product. 

Many simple ecodesign practices can result in the improved environmental performance 

of products. The difficulties arise when the product itself is highly complex, when the 

total life cycle is considered or when two or more designs of the same product are 

compared. 

If a total ecodesign approach is taken the decision-making process for improvement of 

product environmental performance becomes extremely complicated. Certain methods 

need to be used to aid the decision-making process and to balance a range of trade-offs. 

One tool or technique, which can be used as a component of ecodesign to address some 

of the difficulties, is Life Cycle Assessment (LCA). LCA "systematically considers and 

quantifies the consumption of resources and the environmental impacts associated with 

a product or process. By considering the entire life cycle and the associated 

environmental burdens, LCA identifies opportunities to improve environmental 

performance. " (Hendrickson et al, 1997). 

However, Hendrickson et al have criticised LCA for several problems, "including: 

" There is a lack of comprehensive data for LCA; 

" Data quality is not uniformly high; 

" Defining problem boundaries for LCA is arbitrary and controversial; 

" LCA is too expensive and slow for application in the design process; 

" There is no single method that is universally accepted; 

" Equally credible analyses can produce qualitatively different results; 
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" Modelling a new product or process is difficult and expensive; and 

" LCA cannot capture the dynamics of changing markets and technologies. " 

Conclusions from previous research conducted at Nortel Networks (Francis, 1999) also 

suggest that LCA may not be a practical and viable product development tool in 

organisations using complex concurrent engineering and design. The reasons are: 

" complex systems; 

" complex product data management; 

" difficulties in product data acquisition; and 

" cost and resources. 

Francis (1999) concluded that LCAs need to be carried out by specialists in the 

organisation and that it is not feasible for a designer to conduct a full LCA as a 

component of an ecodesign procedure. This conclusion is not dissimilar to general 

opinion that has been voiced on the application of LCA in the electronics industry. In 

contrast ecodesign is widely accepted in the electronics industry as a suitable design 

technique for improving the environmental performance of products. 

A considerable amount of research on the development of LCA techniques is still being 

conducted both in academia and in industry to try to address some of these problems 
(ISO standardisation of LCA methodology). It is generally accepted that conducting a 

comprehensive product/process-specific LCA at the design stage may not be feasible. 

Particular emphasis in research in industry is placed on the development of "tools to do 

the job", such as streamlined, quick environmental performance evaluating tools 

incorporating varying degrees of LCA methodology (Hendrickson et al (1997), Nissen 

et al (1997) and Matzke et al (1998)). 

Other methods or techniques are available to the decision-maker in regard to 

ascertaining the environmental performance of a product or design. These include 

qualitative methods such as checklists and matrices and also environmental accounting 
(see Appendix I for two examples of checklists). Qualitative methods have a number of 

obvious advantages over quantitative methods (e. g. LCA). They are easier to apply, 

require minimal data and can be useful despite large uncertainties (Fiksel, 1996). 
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Checklists may be paper-based, electronic as part of an ecodesign tool or integrated into 

existing design packages. More complex, quantitative methods are typically software 

tools and a range are now commercially available e. g. EIME, Eco-Indicator. The latest 

tools are increasingly Internet-based. Some organisations have developed their own 

bespoke solutions to meet their needs (Nortel Networks, IBM, HP, Motorola). An 

overview of a range of commercial ecodesign software tools can be found in Poyner 

(1998). Examples of proprietary ecodesign tool development can be found in the 

Institute of Electrical and Electronic Engineers annual International Symposiums on 

Electronics and the Environment (1993 - 2002). 

4.2.4 Ecodesign at Selected Example Electronics Organisations 
This section consists of brief overviews of leading ecodesign programmes in the 

electronics industry. They have been selected because they are considered to be 

pioneering in this field. 

4.2.4.1 Philips Electronics. 

The following details are taken from the 1998 Philips 1998 Environmental Report - 
Ecovision (Philips, 1999). 

"Philips strives to integrate functionality and sustainability by balancing innovation 

with ecological impact. This means continuous improvement in both areas, with a focus 

on products, packaging and processes. Philips is building an extensive experience and a 
knowledge of how to green products with Ecodesign. " 

In order to enhance environmental performance, Philips focuses on five green areas 
during ecodesign: 

" Weight; 

" Hazardous substances; 

" Energy consumption; 

" Recycling and disposal; and 

" Packaging. 

Product developers analyse every stage of the product life cycle. In most divisions the 
EcoScan computer program is used to calculate the environmental impact of the 

product, which is expressed in terms of an Eco-Indicator. The Eco-Indicator makes it 
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possible to compare the environmental impact of the different life stages of the product. 

If a product meets the Ecodesign criteria and has a better environmental performance 

than the chosen reference in one or more of the Green Focal Areas (and is equal in the 

rest) it can be selected as a Green Flagship product. The Ecodesign programme is an 

integral component of the ISO 14001 environmental management process. 

4.2.4.2 IBM 

The following details are taken from the IBM 1998 Environmental Report (IBM, 1998). 

"IBM's Environmentally Conscious Products (ECP) program was established in 1992. 

Unique to the industry in its technical breadth, the program has pioneered the industry's 

best practices in design for the environment (ecodesign), product recycling technologies 

and product environmental metrics. The program has established five environmental 
design objectives for IBM products: 

" Develop products with consideration for their upgradeability to extend product 
life; 

" Develop products with consideration for their reuse and recyclability at the end 

of product life; 

" Develop products that can safely be disposed of at the end of product life. 

" Develop and manufacture products that use recycled materials where they are 
technically and economically justifiable; and 

" Develop products that will provide improvements in energy efficiency and /or 

reduced consumption of energy. " 

The ECP requirements have been incorporated into IBM's Integrated Product 

Development process. 

4.2.4.3 Lucent Technologies 

The following details are taken from the Lucent Technologies 1997 Environment, 

Health and Safety Report (Lucent Technologies, 1998). 

" Lucent Technologies knows that Design for Environment (ecodesign) is a key in 

distinguishing our processes, products and services. We have established a cross- 
functional ecodesign team to implement the changes necessary to support our vision of 
being a responsible company that fully integrates life cycle consequences into each of 
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its business decisions and activities. We have also established a Product Lifecycle Team 

to facilitate company-wide minimisation of potential cost and liability associated with 

equipment disposal, electronic and contaminated scrap, asset recovery and product 

reuse. " 

Lucent aims to develop and apply design for the environment criteria for all its 

operating units by the year 2000. "20 products have been subjected to an 

"environmentally responsible product" evaluation using a methodology developed 

internally. " 

4.2.5 Examples of Ecodesign Practices Applied to Products 
The following examples are sourced from EIA (1999). These case studies have been 

chosen because they emphasise the simplicity of many ecodesign practices and that 

many such practices align with cost reduction exercises. It is clear that many global 

organisations are seeing the value and benefit of implementing ecodesign. 

4.2.5.1 Material Selection 

" The design of Hewlett-Packard's OfficeJet 500 multi-purpose printer has 

eliminated the need for plastic flame retardants by using a metal chassis and 

power supply enclosure, utilises light-emitting diodes instead of a mercury lamp 

for the scanner and eliminates the need for batteries by using flash memory 

technology 

" Lucent's Wireless Customer Adaptor was designed to incorporate new 

environmental constraints, such as elimination of Nickel-Cadmium batteries and 

eighty five percent reduction in usage of lead solder. 

" The world's first virtually lead-free telephone was developed by Nortel 

Networks. 

4.2.5.2 Reduction in the volume of material, miniaturisation 

" Motorola's Eagle 11000 combines the capabilities of a digital cellular phone, 

two-way radio and pager in a light-weight, palm-size handset, thus eliminating 

materials that would otherwise be used in producing multiple products. 
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" The product volume of Philips Consumer Electronics audio and communication 

products has been substantially reduced (30-50 percent compared with same 

functionality some five to ten years ago. 

4.2.5.3 Use of recycled materials 

" Since 1992, Hewlett Packard has replaced expanded polystyrene endcaps with 

recycled pulp endcaps in virtually all of their LaserJet toner cartridges. 

" The eight major plastic parts of IBM's 6893 IntelliStation r Pro system unit are 

now made with one hundred percent recycled plastic resin. 

4.2.5.4 Selection of materials that are easily recycled 

" Kodak's One-Time-Use-Camera parts are made form polystyrene that have 

enabled reuse/recycling of over two hundred million cameras. 

" All of Sony's plastic housings are recyclable and all returns are recycled. Sony's 

recycling programs then return the plastics to markets as commodities and work 

continues to improve the economics of these return systems. In one camcorder 

model, Sony has replaced plastic with a magnesium housing, which greatly 

increases the recyclability. 

4.2.5.4 Upgradability 

" IBM Printing Systems Company's InfoPrint 4000 printer models are designed 

for upgradability; the 3900/4000 printer engine has been upgraded nineteen 

times since 1990, enabling customers to upgrade their equipment rather than 

dispose of it. 

4.2.5.5 Refurbishment 

" Sun extends the life of its older equipment by refurbishing it and selling it as re- 

marketed equipment. Remarketed systems, sold as used, generate more income 

than would recycling the parts. Compared to building from scratch, fewer 

resources are needed to rebuild systems or to test unused systems that are 

classified as "used". 

4.2.5.6 Remanufacturing 

" As part of Kodak's remanufacturing efforts, valuable electronic parts such as 

circuit boards, power supplies, CRTs, print heads, copier-printer fuser rollers are 
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returned from the field for remanufacturing. These reconditioned products are 

quality tested and returned to the supply chain reducing raw material 

consumption. 

" In 1997, Xerox remanufactured equipment form more than thirty thousand tons 

of returned machines, diverting them form landfills and effectively reducing raw 

material and energy consumption. 

4.2.5.7 Disassembly 

"A growing number of Hewlett Packard products are designed to be easier to take 

apart and recycle. Many components simply snap apart making it easier to 

separate metal from the plastic. 

" IBM's WE guidelines encourage the use of snap fits over fasteners, and where 

fasteners are necessary, the use of industry-standard fasteners with a minimum 

number of head sizes and types and which do not require special tools when 

dismantling. 

4.2.5.8 Recylcability 

" Hewlett Packard has reduced the number of toner cartridge parts by twenty one 

percent, thereby reducing the amount of material used and increasing recycling 

capability. HP also uses an innovative foam chassis to reduce the number of 

parts needed to build some of its products and to make them easier to 
disassemble for recycling. 

" Hewlett Packard helps facilitate recycling by marking all plastic parts according 
to ISO 11469 and by moulding user instructions into the plastic instead of using 

a paper label. 

" Avoidance of the use of adhesives, decorative coatings and finishes on IBM 

products have realised measurable benefits at end-of-life. 

4.2.6 Ecodesign at Nortel Networks 
Ecodesign was first considered at Nortel Networks in the early 1990s although the 

approach has been somewhat fragmented with several research and development groups 
investigating the development and implementation of various tools and methods. 
Significant early milestones include the issue of Design for Environment Guidelines for 
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Nortel Physical Designers (White, 1997) and the application of ecodesign in the 

development of the world's first lead-free demonstration telephones. 

Over the last four years a programme to develop and implement a corporate-wide 

ecodesign strategy incorporating several decision-making tools has been underway. The 

RE has been a participatory team member in this programme. The work included 

research on LCA (Francis, 1999) and ecodesign software tools (Poyner, 1998). Several 

design teams in different Lines of Business (LOBs) have been trained to use ecodesign. 

The programme has culminated in the launch of an Ecodesign Solutions Set - an 

ecodesign tool suite. 

The Solutions Set consists of three developed web-based tools (see Figure 5): 

1. Product Environmental Compliance Checklist (PECC) 

2. Nortel Ecodesigner (NED) 

3. Environmental Product Opportunity Assessment (EPOA) 
Each tool is used in chronological order as above during the product development 

process. PECC is used at the product conception stage to identify potential compliance 

risks associated with the product in terms of legislation, possible market restrictions and 

customer requirements. NED is used during the product design stage. It is a simple, 

practical tool that facilitates effective ecodesign. The designer selects ecodesign 

strategies to apply to the design of the product from categories such as hazardous 

materials, mechanical, electrical (see Figure 6. ). The application of the strategies is then 

documented and version controlled using Livelink on the Intranet. The process forms a 

part of the ISO 14001 programme for each site with design functions. 
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EPOA is a method developed internally to quantify the environmental performance of 

products. It is used to establish a baseline for continuous environmental improvement 

and to assist in meeting the requirements of legislation and customers. 

Certain aspects of NED and EPOA focus on materials present in the product and 

opportunities for recycling and recovery. However, strategies for avoidance of certain 

hazardous materials and use of recyclable materials in NED and the identification of the 

presence of hazardous and recyclable materials in EPOA require detailed information of 

the material composition of components within products. Such detailed information can 

only be provided by the supply base. The possibilities for the creation of the fifth piece 

of the jigsaw are investigated in this EngD research project (see Figure 7). SEAP 

(Supplier Environmental Appraisal Procedure) is a method developed by the RE and is 

detailed in Chapter 6. 
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4.3 Supplier Environmental Assessment 
Methods of interaction with the supply chain are a core element of this EngD research 

project. When the project commenced it was thought that the project could focus purely 

on product/component environmental performance but upon further investigation of 

current "supplier environmental assessment" practices at Nortel Networks, it was clear 

that the research would need to cover the broader aspects of supplier assessment and 

provide input to the generation of a supplier interaction strategy for the environment. 

Over the last five years, interest in the assessment of the environmental performance of 

the supply chain in the electronics industry has grown considerably. The interest has 

been driven by increasing demands from legislation, customer requirements and the 

requirements of ISO 14001 accreditation. It has also been driven by leading companies 

thinking proactively and recognising the importance of the supply chain in terms of the 

affect it can have on a company's environmental performance and more specifically 

product environmental performance. Brian Whitaker of IBM has recognised the 

importance of supply management: 

".. it is fair to say that the supply chain is one of the most powerful weapons 

available in the pursuit of improved environmental performance, but like so many 

other such weapons, we have not yet learned how best to use it. But unlike these 

other weapons, we really have no choice but to learn to use it properly for the 

benefit of the human race"(Whitaker, 1995). 

Sarkis et al (1995) stress the need for strong inter-organisational relationships in order 

to meet the demands of industrial ecology: 

"The growth of an industrial ecology paradigm requires that there must be an 

increased focus on interorganizational relationships. Supply chain management is 

one vehicle that addresses the importance of interorganizational relationships. 

There are a number of initiatives that can be pursued that make procurement, 

purchasing and subcontract management functions environmentally conscious. A 

strong supply chain will provide an environmentally benign product or service to 

the ultimate customer". 

Two other examples of the growing recognition of the importance of supply chain 

environmental performance are the establishment of an Ecodesign and Supply Chain 

Management Project by the Centre for Sustainable Design in collaboration with the 
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Department of Trade and Industry in the UK (Charters, 1999) and the presence of the 

following statement in the United States National Electronics Manufacturing 

Initiative (NEMI) 1998 technology roadmap: 

" There is a major need for industry to develop an efficient method to exchange 

environmental data between supplier and customer.... Of primary importance is the 

development of standards and requirements for collection, documentation, and 

transmittal of information about the material content of components, assemblies and 

systems. Not only is this information needed to effectively and safely dispose of 

products at end-of-life, it is required by systems manufacturers and their suppliers in 

order to respond to the growing number of environmental inquiries related to their 

products. " (NEMI, 2000). This statement sums up the focus of this EngD research 

project. 

4.3.1 Supplier Evaluation and Commodity Assessment Initiatives 
This section consists of a review of some of the key supplier environmental assessment 

and material selection initiatives developed by electronics companies, collaborative 

electronics organisations, and selected, non-electronics industry organisations. They are 

presented here because they are considered to be "leading edge" and thus provide 

valuable input to the research programme. 

Hewlett Packard 

In 1994 and 1996 Hewlett Packard published details of their initiative on supplier 

environmental management (Maxie, 1994 and Choong, 1996). The focus is on the 

implementation of supplier environmental performance ("E") criteria at global and 

commodity levels. These criteria are combined with existing supplier metrics 
(technology, quality, responsiveness, delivery, and cost). The emphasis is not on 

prescriptive dictation but on suggestive guidance underlined by the policy that HP will 
favour environmentally progressive suppliers. The global criteria are: 

i) Environmental Improvement Policy; 

ii) Implementation Plan with Metrics; and 

iii) Elimination of Ozone Depleting Substances. 
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Commodity teams are given the opportunity to select their own criteria. For resins the 

criteria concentrate on recycling, environmental awareness and waste reduction. The 

initiative resulted in the launch of the first HP DeskJet with recycled plastics. 

This approach is one of persuasive encouragement rather than the specification of 

requirements with a view to improving the environmental performance of the supply 

chain. 

Quantum Corporation 

Quantum Corporation, a leading supplier of disk drives to Original Equipment 

Manufacturers, has implemented a system based on restricted substances that enables 

the company to specify commodity material conformance requirements to suppliers 

(Chambers and Cox, 1996). The system was developed in response to increasing 

numbers of requests from customers for information on the hazardous substance content 

of Quantum products. Quantum have adopted an interesting approach as they advocate 

the involvement of themselves, as a supplier, in the technology roadmapping of their 

customers. This means that the relationship between themselves and both their 

customers and suppliers is strengthened and they can anticipate requirements and pass 

them on to their suppliers. 

Digital Equipment Corporation 

Mulder (1998) provides an overview of "green purchasing" approaches and evaluation 

methods including: 

" Environmental questionnaires; 

" Supplier presentations 

" Lists of green requirements and specifications 

" Ad hoc evaluation 

" Life cycle costing-based 

" Scoring methods 

" Use of voluntary eco-labels; and 

" Use of general evaluation guidance. 
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Mulder outlines the Digital Equipment Corporations' experience of being on the 

receiving end of a multitude of disparate information requests and requirements. The 

development of the SITO (Swedish IT federation) Eco-Declarations (starting January 

1997) is marked as a success and the European Computer Manufacturer Association 

(ECMA) Technical Report 70 is hailed as a way forward. TR 70 is designed to be a 

guide to the declaration of environmental attributes of electronic products (Granda et al 

(1998). It is offered as an alternative to the proliferation of ecolabel schemes. Mulder 

sees it as being a format for presentation of environmental attributes (including energy 

consumption, specific material present and recycling/disposal information) to 

customers. 

Texas Instruments Incorporated 

Lizotte (1995) suggests using an abridged LCA for communication of product 

environmental performance between supplier and customer. 

Delft University 

Delft Research Laboratory for Sustainable Product Innovation and industry partners 

(Sony, Digital, Philips) have developed a supplier self audit ecodesign tool -ECO- 
QUEST (Brink et al, 1998). ECO-QUEST is a questionnaire-based ecodesign tool 

downloadable from the Internet. It is particularly targeted at SMEs from Newly 

Industrialised Countries. The user is required to answer product and company 

environmental management questions. The answers are then evaluated and a score 

provided. Environmental priorities and suggestions for improvement are then offered. 

Information on ecodesign is also provided on the web site. The tool has similarities to 

the objectives of this EngD research project although the evaluation and data 

management requirements differ considerably. 

Ohio State University 

Stuart (1998) stresses the importance of material selection in life cycle design for both 

component selection and assembly in her 1998 paper. She describes the need to adopt a 
life cycle approach and to consider options for manufacture and end-of-life. Methods of 

evaluating designs are described such as financial approaches, LCA, environmental 
indices and analytical models for recycling. Stuart advocates the use of the emerging 

product process and consideration of environment (EPPACE) model to analyse the 

economic, environmental and quality differences between different product and process 
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alternatives. These evaluation models could be integrated with a component 

qualification process and/or supplier selection process. The main focus is on decision- 

making for product design (ecodesign). The RE sees this application as the step after 

component qualification and supplier selection although feedback loops would need to 

be in place. 

Delf University of Technology and Lucent Technologies 

Nagel (1998a, 1998b, 1999,2000a, 2000b and 2000c) has conducted a considerable 

volume of work on methods for evaluating product environmental performance in the 

supply chain. The supply line engineering project at Lucent aims to integrate supply 

chain environmental data into Lucent's product development process. The main 

objective is to attempt to use supplier environmental data in the component selection 

process and drive innovation and partnership through a supply chain management 

approach. There are two key elements to the work 

"A complex component evaluation methodology incorporating input/output and 

environmental load calculation for component manufacture; and 

" The promotion of an integrated supply chain management partnership approach 

to drive innovation in the supply chain towards a sustainability objective. 

Nagel has tackled supply chain evaluation in a similar manner to the RE. The 

component evaluation methodology is highly complex and data intensive. It is difficult 

to envisage how such a method could be incorporated into the business practices of a 

multi-national organization. Nagel acknowledges that work is still very much in a 

research phase (Nagel, 2001). However, it provides a valuable contribution to the field 

of supply chain management. The key learning point is that it is very easy to generate 

methods that are overly complex and difficult to implement. Industry needs simple and 

effective tools developed and based on sound science . 

IBM Corporation 

As IBM re-organises it's manufacturing operations to incorporate an increasing volume 

of outsourced components and sub-assemblies the company is considering optimal 

solutions for extending their Environmentally Conscious Product programme into the 

supply base (Gabriel et al, 2000). This is involving a combination of guidance and 

requirements in terms of communication with suppliers. For material and substance 
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issues, a list of substances not permitted in IBM products is communicated to the 

supplier. Gabriel et al acknowledge that this information is not sufficient to answer all 

customer requests for information and that there is a need for a standard method for 

material content data capture. 

Collaborative Initiatives 

Several initiatives on the capture of product material content have been ongoing and 

developing during the four-year EngD research project. A considerable volume of work 

has been completed by Malhammar (1998 and 2000) on material declaration 

questionnaires (initially with the Advisory Committee on Environmental Aspects at the 

IEC). Much of this work focused on common agreement of which substances should be 

declared (Malhammar, 1998). Malhammar and Ericsson have since piloted a web-based 

data capture tool for material declarations with mixed results (Malhammar, 2000). 

The GreenPack project is also attempting to reach the same goal (Bergendahl and 

Segerberg, 1997 and Bergendahl et al, 2000). This is a Scandinavian initiative driven by 

IVF, The Swedish Institute of Production Engineering Research, which also seeks to 

agree on a materials declaration format and databasing structure. 

In 2000, another collaborative group formed under the umbrella of EICTA (European 

Information and Communication Technology Industry Association) with a vision to 

again attempt to harmonise an industry-wide approach to product material content data 

capture (Adams, 2001). The start of the project centred on agreeing a list of substances 

to declare and the format. The RE was involved in this collaborative project. Currently 

the group is attempting to select a vendor for the centralised data management 

component and is also discussing further collaboration with the Electronic Industries 

Alliance in the United States and the Japanese Green Procurement Initiative to agree on 

a truly global industry solution (see chapter 6). 

One of the first attempts at producing a standard for supplier environmental assessment 

was the development of the Computer Industry Quality Conference (a network of U. S. 

computer system producers) environmental practice standard (CIQC STD 0014) in 

1996. This standard was based on the Pacific Industry and Business Association 

environmental practice questionnaires. Part I consists of questions on continual 
improvement and compliance assurance addressing the fundamental elements of an 

environmental management system, Part II consists of risk assessment which addresses 
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environmental practices and risks. The standard "has business and procurement focus 

with attention on environmental performance at the supplier company. It does not 

address products or health and safety issues. "(Andersen and Choong, 1997). 

The common theme throughout all of the collaborative initiatives, which the RE 

supports, is one of an attempt to agree on a common format for the declarations and the 

development of a common system throughout the industry. This is essential for any 

system to operate with optimal efficiency. It is apparent, however, that collaborative 

efforts are notoriously protracted with common agreement difficult to achieve. It is 

suggested that the main reasons for the failure to reach an appropriate decision is due to 

the complexity of the issue, the varied requirements and practices of organisations and 

the simple lack of comprehension of the importance of the issues at a high level in the 

organisation. The experiences of the RE suggest that organisations participate in 

collaborative programmes but the representatives generally have research roles. Thus, 

for any agreement to be made the representative has to report back to individuals in 

their own organisation who can make a decision on behalf of the entire organisation. 

Any iterative process therefore, becomes extremely protracted. 

The Body Shop 

Not surprisingly, due to their high profile ethical and environmental market image, The 

Body Shop has a firmly established supplier evaluation process in place. The process 

consists of four layers or phases of assessment each with a questionnaire (Mayers, 

1997). The first questionnaire asks closed questions relating to commitment to 

environmental policy, auditing, reports, staffing, environmental management systems, 

accreditation and proactive "green" initiatives. The second questionnaire asks more 

probing questions regarding environmental business management. The third focuses on 

transport, storage and warehousing. Finally, as part of the product LCA evaluation, 

suppliers are sent a detailed data acquisition sheet. This sheet covers information on the 

full life cycle of the product. The Body Shop's approach is very detailed and thorough. 

It could be considered advanced but reflects the image of the company and the size and 

nature of their product range. 

B&Q 

B&Q is another organisation with a high public profile and one that was targeted by 

environmental pressure groups in the early 1990s because of its tropical hardwood 
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products. The B&Q response was to immediately put into place a supplier 

environmental audit and programmes to address the issues. Subsequently the B&Q 

approach to environmental supply chain management is recognised as a success. The 

interesting point to note is that it has been very prescriptive and demanding and 

included the setting of goals and milestones for suppliers to reach to maintain their 

business with B&Q. In 1995 the supplier environmental audit was integrated with 

quality evaluation in the QUEST initiative (B&Q, 1998). QUEST is an integrated 

supplier assessment procedure looking at the Quality, Ethics and SafeTy of the supply 

base. Suppliers are awarded one of five grades (A to E) in five different aspects of their 

environmental programme that reflect B&Q priorities. The aspects are: Environmental 

Policy and Awareness; Environmental Action and Achievements; Working Conditions 

in Developing Countries; Packaging and Environmental Claims; and Timber. There is 

increasing emphasis on product issues in the supplier evaluation process and now 

dedicated specialists are responsible for evaluating existing and new suppliers through 

interview and site audit for specific product ranges. In addition, B&Q are addressing 

supply chain issues beyond the environment and embracing corporate social 

responsibility - then next step for all organisations committed to vision of 

sustainability. 

UK Government 

The UK Government has a raft of guidance, policy and initiatives in place on "green 

procurement" to assist departments in incorporating environmental issues into 

purchasing decision-making. Much of this information has been driven by the 

government's commitment to sustainable development as described in the 1990 White 

Paper This Common Inheritance and the resulting model for greening operations within 

each government department. Core elements of the model include: 

" Encouraging manufacturers, suppliers and contractors through specifications to 

develop environmentally preferable goods and services at competitive prices; 

" Ensuring that any products derived from wildlife such as timber, plants and 
leather goods are from sustainable sources; 

" Working with contractors to improve environmental performance where this is 

relevant to the contract and to the achievement of value for money (OGC- 

DEFRA, 2002). 
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Government departments are also required to comply with EC procurement directives 

on procurement and the UK Regulations that implement them. 

Each government department has the flexibility to define it's own procedures for green 

procurement but the results are reported back to the green ministers and the nation. 

Not only does the Department for Environment, Food and Rural Affairs and the 

Treasury provide guidance to government departments for integrating environmental 

performance into supply chain management but guidance is also provided for business 

organisations. A wealth of procurement information is available on the DEFRA 

Greening Government Operations web site: 

httl2: //www. defra. gov. uk/environment/greeningigghome. htm 

Throughout the 1990s the number of organisations involved in supply chain 

management has "grown from a few pioneers such as BT, B&Q, The Body Shop, IBM 

and Scott Ltd to a much more extensive listing. Those now involved cover both the 

private and public sectors, every size of organisation, every product range and service 

area. "(Business in the Environment / The Chartered Institute of Purchase and Supply, 

1997). This exemplifies the recognition of organisations of the supply chain being an 

integrated component of their environmental management systems and an area where 

dramatic improvements can be made. One resource that has been extremely useful to all 

organisations considering the issues surrounding the improvement of environmental 

performance in the supply chain is the Business in the Environment Buying into the 

Environment CD-ROM (BiE, 1994). Over 400 organisations contributed to the project 

(including Nortel Networks). The guidelines provide a wealth of information including 

case studies on the implementation of environmental supply chain management. 

One theme that does emerge from all the work that has been conducted on supply chain 

management is the principle of partnership and collaboration throughout the chain. 

Crosbie and Knight (1995), Sarkis (1995), Beckman et al (1995), Whitaker (1995) and 

Green et al (1998) all emphasise the importance of partnership and the development of 

long-term strategic relationships between customer and supplier. However, this 

approach may, paradoxically, actually strangle innovation and improved environmental 

performance initiatives: 

".. while a firm may foster environmental collaboration by long-term, stable 

relationships, it may also blunt the ability to use market mechanisms (principally the 
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threat of substitution) to persuade suppliers to innovate or increase environmental 

performance. " (Green et al, 1998). 

The key perhaps, is to adopt a competitive selective strategy for suppliers of certain, 

off-the-shelf commodities and a partnership strategy that includes the sharing of 

technology roadmaps for specialist commodities. 

In addition to the material summarised in the case studies there is also a vast range of 

company and industry group supplier assessment, requirements and specifications 

publicly available including a huge range of restricted/banned substance lists. Details of 

those used in the research project are discussed in Chapters five, six and seven. 

4.4 Customer Request Response 
One of the objectives of the research project is to develop an information management 

method that will assist in the provision of product environmental data to meet customer 

requests for information. At the start of the project no formal system for answering the 

environmental information requests of customers of Nortel Networks was in place. A 

web-based "Environmental Toolkit" has now been developed within Nortel Networks 

that provides generic answers to commonly asked questions from customers. It is 

envisaged that supplier component information could be integrated into the toolkit and 

also the EPOA to provide customers with detailed product information. Details of 

customer requests are provided in Chapter five. Hewlett Packard, Sun Microsystems 

and IBM Corporation have published case studies on the development of customer 

response systems. The RE's comments on each case study are provided. 

4.4.1 The Hewlett Packard (HP) Approach 
The case study provides an indication of the current demands placed upon 

manufacturers of electronics products by customers. HP are receiving an increasing 

number of requests for increasingly more detailed environmental information. HP have 

responded to the challenge by developing a specific approach. The approach involves 

working with selected customers to determine what environmental information is 

generally required by customers for decision-making purposes. The mechanisms for the 

provision of the environmental information are not described in the case study. 
However, the provision of product and process environmental information will have to 

include the capture of information from the supply base. HP are keen to develop a 

standard acceptable declaration in order to avoid any need to generate a customised 
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response to customer requests. It is questionable though whether it will be acceptable to 

all customers and whether supplier data will be available. 

4.4.2 The Sun Microsystems Approach 
The case study describes the Sun Microsystem strategy for responding to the increasing 

number of customer requests. Rather than engaging in direct dialogue with customers, 

Sun systematically logged all the questions present in each customer questionnaire and 

set out to provide the information for all topics mentioned twice (80% of the total 

requested information) and place the information on a web site to make it available to 

the sales teams. Sun do not describe in detail what information would be posted on the 

web site. It is likely that some customers ask for specific material composition of 

products. It is not known whether Sun provide or intend to provide product 

environmental data for customers on all products. If they do, some process must be in 

place to capture the data from the supply base. 

4.4.3 The IBM Corporation Approach 
IBM have developed a corporate-wide product environmental profile system utilising 
Lotus Notes as for information management and document control. (Ching, et al, 1998). 

It is an integral component of the IBM Environmentally Conscious Product programme 

and the corporate certification to ISO 14001. The PEP documents environmental 

aspects covering the complete life cycle of the product, including materials selection, 

energy requirements during use, supplies and consumable items and disposal issues. 

The PEP is used as a checklist for design requirements, communicating information to 

customers and during end-of-life operations. 

4.4.4 The Nortel Networks Approach 
Nortel Networks has developed an Environmental Toolkit -a database of answers to 

commonly asked questions from customers. This enables customer-facing sales teams to 

answer the majority of questions from customers themselves without having to ask the 

corporate environment department. However, the answering of product-specific 

questions, particularly regarding material content and materials used during production, 
is problematic. Two research programmes conducted at Nortel Networks Harlow 

Laboratories in the UK resulted in an example Product Environmental Profile and an 

alpha 3-D virtual reality tool being tested. Both prototypes offered a means of 

presenting product environmental information to customers. Neither has been fully 
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implemented. The problem is obtaining satisfactory material content and production- 

material use data. 

The EICTA TR-70 Report could be used as a method of conveying product 

environmental information to customers. It is, however, limited in terms of providing 

material content information. Ecolabel schemes such as the Blue Label or Nordic Swan 

are becoming prevalent for consumer products but no such labels currently exist for 

telecommunications products. 

4.5 Conclusions 
The research project is problem-orientated. The research question being: "Can Supplier 

product Environmental Data be Integrated into the Ecodesign and Product Life Cycle 

Management Systems of Nortel Networks and Telecommunications Companies. This 

chapter has provided an overview of the work that already exists as a pool of knowledge 

in the relevant areas of research that are directly relevant to the generation of a solution 

to the research question. These areas are ecodesign, environmental supply chain 

evaluation and customer communication. 

It is clear that the ecodesign programme at Nortel Networks is less advanced than some 

of the organisations presented as leading edge practitioners in this Chapter. Despite the 

progress that has been made there still appears to be a lack of commitment and a clear 

business case to enable deployment. Clear advantages can be seen from successful 

implementation. It remains perplexing that telecommunications in general struggle to 

see the value of ecodesign. This situation will change dramatically with the introduction 

of product-focussed legislation from the European Union. 

This Chapter has highlighted some interesting and established programmes for supply 

chain management and customer communication throughout the electronics industry 

and indeed other sectors. Nortel are in a similar position in these important areas as they 

are for ecodesign. Again, there appears to be some opposition to the roll out of these 

programmes as clear business reasons for doing so do not appear to be evident. 

The work completed in this EngD research project will add weight to the argument for 

the complete implementation of Product Life Cycle Management solutions. 
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Other important areas such as legislative requirements, customer requirements and 

information for continual improvement for ISO 14001 are covered in Chapters five and 

eight in particular as they form a significant component of the research programme. 

A vast quantity of work has been complete in this field but no solution as yet is readily 

available for telecommunications equipment manufacturers. The EngD research project 

investigates the issues and provides solutions to the problem. 
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Chapter 5 Data Requirements 

The objectives of this chapter are to: 

" Provide details of the work conducted in Programme 1 of the research project; and 

" Detail the information that needs to be obtained from suppliers to meet the 
requirements of ecodesign, legislation, customer requests and ISO 14001. 

5.1 Introduction 

The research project is driven by a top-level research question and the research is 

divided into three packages of work as described in Chapter 3. The hypothesis is 

supplier product and company environmental data can be integrated into the ecodesign 

and Product Life Cycle Management (PLCM) systems of Nortel Networks or any 

telecommunications network solutions company. Programme 1 of the research project 

focused on activities designed to determine the information that needs to be obtained 

from suppliers to meet the requirements of ecodesign, legislation, customer requests and 

ISO 14001 and therefore, to advance PLCM. 

In this chapter the main activities are described and the results are presented. Details of 

specific planned activities conducted in programme 1 can be found in the six-month 

reports. 

5.2 Customer Environmental Information Requirements 
In terms of meeting the environmental information requirements of customers and 

particularly the product environmental information requests in customer environmental 

questionnaires it is suggested that only detailed component-specific supplier-specific 
data will suffice. Using generic averaged data on representative components is not 

considered to provide the necessary degree of accuracy and certainty. 

To identify the product environmental information requirements of customers the data 

from two research tasks were used: 

i) Tabulated customer requests/proposals for contract bids; 

ii) Detailed analysis of selected customer environmental questionnaires. 
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In addition, further work was conducted on the development of a questionnaire for 

customers of Nortel Networks to investigate exactly how customers used the 

information requested and whether it did actually influence their decision to approve 

and award a bid for contract (Appendix II). Unfortunately, due to strategic decision- 

making within Nortel Networks this questionnaire was not given approval for use. 

The Nortel Networks Corporate Environmental Services group has a programme in 

place to tabulate customer requests for environmental information. It is not possible to 

include this information in this thesis as it is considered proprietary. However, two 

things are readily apparent from viewing the data: 

" It can be seen that the customer environmental requirements or requests for 

information vary considerably; and 

" To varying degrees customers have inquired about the environmental performance 

of Nortel Networks in fifty-five contract bids over 21 months (1998 - 1999), worth 

US$ 8 billion (known bid values only). This compares to the previous 28 months 

(September 1995 - December 1997) with twenty-four contract bids worth US$561 

million. 

A selection of customer questionnaires received prior to December 1997 were analysed 

to determine more specific detailed customer requirements and were also used in a gap 

analysis. The selected customer questionnaires can be seen in Appendix III. 

5.2.1 Gap Analysis 

5.2.1.1 Introduction 

"In 1995 and 1996, less than five customer inquiries a year required responses by Nortel 

Networks' Environment and Sustainability (Corporate Environmental Services). In 

1997, the number exceeded 25"(Nortel Networks, 1998). 

Not only are Nortel Networks receiving an increasing number of customer requests for 

environmental information as part of the bid process, but the requests are also 

increasing in the level of detail and the quantity of information required. 

The provision of detailed product environmental information can only be achieved by 

Nortel Networks requesting the information from the supply base and establishing 

systems to transfer the information through the company and on to customers. This 
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means that any Nortel Networks supplier environmental assessment questionnaire must 

be focused on providing information requested by customers and providing information 

for ISO 14001, ecodesign and meeting the requirements of relevant legislation. 

This gap analysis was conducted on customer environmental assessment questionnaires 

and Nortel Networks supplier environmental assessment questionnaires. 

The objectives of the gap analysis were: 

" To determine customer environmental information requirements; 

" to compare the environmental questions asked of Nortel Networks by a selection of 

customers with those asked by Nortel Networks of its suppliers; 

" to identify the differences that may exist between the two sets of questionnaires (the 

gap); and 

9 to suggest recommendations and next steps. 

The scope of the gap analysis focused on the determination of the existing capability of 

Nortel Networks supplier assessment procedures in providing environmental 

information requested by customers. It is recognised that only a percentage of the 

information requested by customers of Nortel Networks can be provided by the 

suppliers of Nortel Networks (approximately 80%). The remainder can only be 

provided by Nortel Networks as it concerns specific company activities such as 

environmental policy and the environmental management system. 

The gap analysis did not consider the existing capability of Nortel Networks supplier 

assessment procedures in providing environmental information for recognised material 
declaration programmes such as ECMA TR70 (Appendix IV). Neither did it consider 

the existing capability of Nortel Networks supplier assessment procedures in 

comparison with competitors. 

However, the main recommendation of the gap analysis (the development of a new 

supplier environmental assessment questionnaire and information retrieval system), 
does consider the requirements of ECMA TR70, the Waste from Electrical and 
Electronic Equipment (WEEE) Directive and competitor benchmarking, in addition to 

the requirements of customers, ecodesign and ISO 14001. The aim is to maximise the 

flow of environmental information of value from the supply chain and its use. 
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5.2.1.2 Background 

Environmental assessment questionnaires received by all Lines of Business from 

customers such as Telia, Bell Canada and Unisource Belgium demonstrate the detailed 

information customers require and indicate how the information is used. These 

customers request highly detailed product environmental information as well as asking 

long-established questions concerning company policy and environmental management 

systems. Questions about product energy consumption, design and construction, 

material content (with a strong emphasis on hazardous material content), packaging and 

take-back are being asked. Unisource Belgium actually required a signed declaration of 

the presence of certain specified hazardous substances in the product to be supplied. BT 

have minimum environmental requirements that suppliers have to meet. Bell Canada 

express specifically that: 

"Potential suppliers should recognise that their (environmental performance) score 

will be one consideration in the supplier selection process, along with price, 
delivery time, performance, quality and other factors. This question reinforces our 

position that suppliers can gain competitive advantage by demonstrating the 

superior environmental performance of their operations, and their products and 

services. " (Bell Canada Supply Services, 1996). 

At present, Nortel Networks is not in a position to state accurately the material content 

of its products to customers because the information is not available within Nortel 

Networks' design and manufacturing systems. 

This results in Nortel Networks either declaring that they do not know what is in the 

product or signing a declaration that certain hazardous substances are not present in the 

product to the best of their knowledge. This could result in non-compliance with 

customers' specifications that could result in possible legal action. 

5.2.1.3 Gap Analysis Method 

A gap analysis is a simple procedure designed to expose the differences between 

defined parameters. In this case the parameters are the Nortel Networks customer 

environmental assessment questionnaires and the Nortel Networks supplier 

environmental assessment questionnaires. To enable direct comparisons to be made and 
interpreted a structured method was needed for the analysis. In this case the method 

consisted of six stages: 
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1. Identify and determine the parameters; 

2. Determine the method of comparison; 

3. Conduct preliminary analysis and generate results; 

4. Develop an advanced method of comparison; 

5. Conduct secondary analysis and generate results; and 

6. Interpret the results. 

The six stages are described in detail below. 

Identify and determine the parameters 

All available customer questionnaires and inquiries were collected. This process was 

aided by work already conducted by Nortel Networks Corporate Environmental 

Services that included a collated list of customer environmental requests between 1995 

and 1997. The eleven most comprehensive questionnaires were identified for the 

analysis (see Table 6). 

All available supplier environmental assessment questionnaires generated within Nortel 

Networks were collected (one at corporate level (180.65), one at UK site level 

(Environmental Toolkit), one at a specific function level (Mechanical Capability) and 

five at site level (developed for ISO 14001)). All eight questionnaires were selected for 

analysis (see Table 6). 

Table 6. List of Questionnaires Used in the Study 

Customer Questionnaires 
Telia 
British Telecom 
Unisource 
Telecom Eireann 
Swedish Railways 
Bell Canada 
Statskontoret 
Mitsubishi Electric Co. Ltd 
Cable and Wireless 
Ministry of Defence 
Bell South 
Nortel Networks Questionnaires 
Matra Communication 
Environmental Toolkit (see appendix V) 
Corporate Standard 180.65 
Cwmcarn 
Monkstown 
Mechanical Supplier Capability 
Cogent Defence Systems 
Paignton 
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Determine the method of comparison 
The Telia questionnaire was taken as a customer benchmark standard because it was 

considered to be the most advanced, detailed and comprehensive questionnaire received 

from customers (see Appendix III). Each question on the Telia questionnaire was input 

into an Excel spreadsheet arranged by category (e. g. management system, policy, 

manufacturing) as in the Telia questionnaire. 

The questions from each individual customer and Nortel Networks questionnaires were 

then compared to those in the list. If a question being assessed was considered to be 

identical to one already on the list it was ignored (e. g. The question: Are eco-revisions 

performed at your company? was considered to be the same as: Does the company 

undertake regular environmental audits of all its manufacturing sites? ) If a question 

being assessed was considered to be different to any already on the list it was added to 

the list. This process was repeated for every question on each of the questionnaires. A 

list of the final set of questions is provided in Appendix V and the spreadsheet in 

Appendix VI. 

Conduct preliminary analysis and generate results 

A preliminary analysis was conducted by comparing the questions in each questionnaire 

with the final set of questions. One point was allocated to the questionnaire being 

evaluated for every question that was present in the final set. A total score was then 

generated for each questionnaire. The scores for every questionnaire were entered into 

the spreadsheet. The results were presented in graphical format comparing the scores of 

customer questionnaires with the Nortel supplier environmental assessment 

questionnaires and comparing the scores for the Telia and the Environmental Toolkit 

questionnaires by questionnaire sub-category (policy, management, manufacture etc.. ). 

Develop an advanced method of comparison 

The first method of comparison was based only on the number of questions in each 

questionnaire. The greater the number of questions in a questionnaire the higher the 

score attained. The number of questions in a questionnaire can be a direct indication of 
how comprehensive or effective it is. However, the quality of the question also needs to 

be taken into account. One comprehensive and focused question in one questionnaire 

could demand the same answer as ten in another questionnaire. To enable the effect of 
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these "combination" questions to be incorporated in the comparison exercise it was 

necessary to develop and apply a weighting system. 

The system consists of the application of seven factors to the score for every question in 

each questionnaire (the factors are presented in Table 7). The factors were chosen as 

being indicative in combination of the quality of a question for a supplier environmental 

assessment questionnaire. The magnitude of each applied factor was determined by 

assessing every question in respect to each factor and a score from one to five being 

allocated according to the question's potential performance in each area (1 = poor, 5= 

good). 

Table 7. Weighting Factors Used in Score Calculation 

Risk Management 
Hazard Reduction 
Question Coverage 
Commonality 
Nortel Significance 
Customer Significance 
Environmental Significance 

Conduct secondary analysis and generate results 

In the secondary analysis the factored scores for each question were then multiplied by 

the scores attained in the preliminary analysis for every question in each questionnaire. 
The total scores for each questionnaire and the sub-categories were calculated. The 

results are provided in section 5.1.1.3. 

Interpret the results 

The final stage of the gap analysis requires interpretation of the results and the 

generation of recommendations. 

5.2.1.4 Results 

The total number of questions in the final set is 138 (see Appendix V). 

Using the weighting factors the maximum score attainable for each question is 35 

(seven weighting factors x maximum question score of five). 

If a questionnaire contained every question in the base set (not actually possible) the 

maximum it could score would be 4830 (138 x 35). 
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Figure 8 shows the comparative scores for the customer questionnaires and Nortel 

Networks supplier environmental assessment questionnaires. 

Q Customer 

  Nortel 

Figure 8. Comparative Performance Scores of Customer Questionnaires and Nortel 
Networks Supplier Environmental Assessment Questionnaires 

Figure 9 shows the comparative scores for the named Nortel Networks supplier 

environmental assessment questionnaires against the Telia score that is the highest of all 

the questionnaires. 

Figure 9. Comparative Performance Scores of Nortel Supplier Environmental 
Assessment Questionnaires and Telia Questionnaire. 
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Figure 10 shows the sub-category scores for Telia and the Nortel Environmental Toolkit 

Questionnaire (see Appendix VII). The Toolkit questionnaire was chosen for 

comparison as it is the most widely used or adapted questionnaire within Nortel 

Networks (according to discussion with Nortel Networks employees) and also has the 

third highest score of the Nortel Networks questionnaires. Norte] Matra Communication 

have adopted a percentage of the Telia questions, which is why their score is high. The 

180.65 Corporate Standard was not selected for comparison because it is not used 

within Norte] Networks despite its high score. The reasons for the 180.65 standard not 

being used are that despite its level of detail many of the questions are not suitable for a 

supplier environmental assessment questionnaire and are very site-specific. At the time 

of this study 180.65 was under review. 

Figure 11 shows the gap that exists between the sub-category scores of the Nortel 

Environmental Toolkit Questionnaire and the Telia questionnaire. 

score 

Figure 10. Comparative Performance Scores of Nortel Environmental Toolkit 
Questionnaire and Telia Questionnaire by Category 

100 



r 

Ha enes 

M 

aste 

Packaginf-L 

Regular ry compliance 

Site surrey 

ign guidelines 

Suppl er assessment 

Manutactunng 

-250 -200 -150 -100 -50 0 50 100 

Figure 11. Performance Gap for Nortel Environmental Performance Questionnaire 
Compared to Telia Questionnaire 

5.2.1.5 Discussion 

Figure 8 shows that by using the weighting factor comparative method of scoring for 

each questionnaire, the Telia questionnaire scores the highest of the customer 

questionnaires with BT a close second. Since the gap analysis was conducted Bell 

Canada have generated a questionnaire that would also score highly. 

Several of the Nortel Networks questionnaires have similar scores and use a similar set 

of questions. This can be attributed to some of them being derived from the Toolkit 

questionnaire for site ISO 14001 requirements. The Corporate standard 180.65 is a 

comprehensive questionnaire but is not focused on providing information for Nortel 

Networks customers and is primarily a site audit inspection checklist. The Nortel Matra 

Communication questionnaire was developed from the Telia questionnaire. 

The existence of so many different supplier environmental assessment questionnaires is 

an important reason why Nortel Networks cannot provide customers with the required 

product environmental data. 

Figure 9 illustrates how all Norte] Networks questionnaires have significantly lower 

scores than the Telia questionnaire. The four highest scores range between fifty-two and 

sixty two percent of the Telia score. They do, however, compare favourably with some 

of the other customer questionnaire scores. Nevertheless, the Telia questionnaire is 
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considered a benchmark and an increasing number of customers will be requesting 

similar very detailed information. 

The total score for the questionnaires only indicates that the Nortel Networks 

questionnaires are considerably less detailed than the Telia questionnaire. To identify 

exactly where the Nortel Networks questionnaires are strong or weak it is necessary to 

break the total scores down into sub-categories. Figure 10 compares the sub-category 

scores of the Nortel Environmental Toolkit questionnaire and the Telia questionnaire. 

The ellipses mark some of the sub-categories where the largest gaps exist between the 

Toolkit questionnaire and Telia. Figure 11 provides a clearer indication of where the 

major gaps exist. The Toolkit questionnaire, which has been used to represent the Nortel 

Networks questionnaires, has very poor scores for product electronic construction, 

materials, mechanical structure, use and batteries. The Toolkit questionnaire also scores 

poorly on paper products and machine contractors (see Appendix V sections D and E 

for these category questions). 

Figures 10 and 11 clearly show that the 1997 Nortel supplier environmental assessment 

questionnaires were not focused on providing information to meet customer 

requirements. 

The study has enabled customer requirements to be clearly identified. It is also evident 

that customers' interest in their suppliers' environmental activities are moving beyond 

simple questions concerning the presence and implementation of environmental policies 

and management systems to specific product environmental performance. It is also clear 

that many of the product specific questions asked of Nortel Networks by customers can 

only be answered comprehensively by asking suppliers of Nortel Networks similar 

questions. At the time this study was conducted it was shown that the Nortel Networks 

supplier environmental assessment questionnaires did not contain detailed questions 

about the product. It is clear that a new and improved version needed to be developed. 

5.2.1.6 Conclusions 

The gap analysis shows the Nortel Networks supplier environmental assessment 

questionnaires in 1997 were not focused on obtaining the product environmental 
information from the supply base that is being requested by customers. 

Several customers are using environmental performance as one criterion in their 

supplier selection process. Nortel Networks was in a weak position to answer many of 
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the detailed questions asked by customers. Some customers are stating specific 

environmental performance requirements that Nortel Networks cannot meet because of 

the lack of information on the material composition of the products of Nortel Networks. 

This situation is apparent from the results of the gap analysis. Nortel Networks do not 

request product specific environmental data from suppliers and there is no system in 

place to convey such information to those answering customer requests. This means 

Nortel Networks do not know the material composition of their products. 

5.2.1.7 Recommendations 

The recommended next step from the gap analysis was to use the information on 

customer requirements to generate a new Nortel Networks supplier environmental 

assessment questionnaire that is focused on providing information for customer 

requests, ecodesign, PLCM, ISO 14001 continual improvement loops, ECMA 

declarations and meeting the requirements of the proposed WEEE Directive. The 

questionnaire also needed to be adopted at a corporate level to ensure the information 

can be of benefit to the entire corporation. 

A new process for supplier environmental appraisal was developed in programme 2 and 
is detailed in chapter 6. 

5.3 Design Requirements for Component Eco-Selection 

The aim of this activity was to identify the appropriate product environmental 

information that could be obtained from suppliers, in theory, that would assist the 

ecodesign process through the component selection procedure. Initial discussions took 

place with individuals responsible for the ecodesign implementation programme and 

selected mechanical and electrical designers. The "interviews" were deliberately 

unstructured to enable a free flow of discussion between the RE and the designer. Six 

designers (three mechanical and three electrical) were interviewed. The discussions 

centred on the designer's views and impressions of how they could use material 
information in the design process. Legislation was only mentioned and did not involve 

detailed discussion. Only potentially banned materials were specifically discussed. 

One immediately identifiable problem was that at the start of the research project there 

were no design groups within Nortel that were actively engaged in ecodesign as a 
formal component of the product development process. An ecodesign tool was in the 
latter stages of development and the training of some design groups had taken place. 
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One of the ecodesign strategies that can be selected in the tool is "avoidance of 

hazardous materials", a common ecodesign practice. It was hypothesised that certain 

materials could not be avoided without the knowledge of their presence in components 

or materials being made available. Other ecodesign material selection options such as 

recycled content and recyclability could also not be used to their full potential without 

the availability of appropriate product information. 

It is proposed that if component material and environmental information were made 

available through the supply chain it could be used in the ecodesign material selection 

procedure. This would mean a decision being made in terms of environmental 

performance during design, component qualification or manufacturing procurement. 

Discussions with electronic hardware designers suggests that design groups would 

prefer any environmental consideration in component selection to be taken into account 

at the component qualification stage as the designer's overriding concern in electronic 
hardware design is that of functionality. 

The incorporation of environmental concerns into the component and material selection 
decision-making process would require a quick and simple eco-evaluation tool to be 

available to component qualifiers and manufacturing procurers. The development of a 

methodology for eco-evaluation of components for ecodesign or PLCM and when it 

could be used was an activity in programme 3 and is detailed in Chapter 7. 

The data required or utilised for component selection and ecodesign decision-making 

could range from generic hazardous material declarations (both positive and negative) 

through complete material composition to full life cycle inventory data. A study was 

conducted to compare existing product environmental data sources with supplier 

programmes. Details are provided in Chapter 6 and in the research papers in C-2 of the 

portfolio. 

5.4 Identification of Product Environmental Legislative 
Requirements 

The aim of this activity was to ensure that any product information potentially 

obtainable from the supply chain that would assist in meeting the requirements of 

product environmental legislation, was identified to enable appropriate action to be 

taken. This would enable compliance with existing and pending legislation that impact 

on Nortel Networks products. It is suggested that legislative requirements should be 
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considered in material and component selection and technology road-mapping (forecast 

technology development). 

A centralised environmental legislation tracking system has been implemented by the 

Corporate Environmental Services group at Nortel Networks. This is to ensure the 

company is aware of its legal requirements and the development of pending relevant 

impacting legislation. The majority of the relevant legislation concerns the banning or 

restriction of hazardous materials in products or the management of products at end-of- 

life. 

Asking a supplier whether they comply with legislation or requesting that they comply 

is common in supplier environmental assessment processes. However, this strategy does 

not provide the company with assurance that the supplier and their products will be 

compliant with any pending legislation such as material bans, or that their products do 

not contain materials of concern to customers and society as a whole that are not banned 

or earmarked for ban. Neither does it indicate what the supplying company is, or could 

be doing, regarding product environmental performance improvement such as 

developing materials technology. Only the provision of some form of systematic 

product material declaration and the sharing of dialogue on environmental technology 

innovation can ensure current and pending legislation on product environmental 

performance is complied with. 

Currently there are three core items of electronic-product-focused legislation emerging 
from the European Community Council and Parliament that are having, and will have, a 
big impact on the electronics industry. It should be noted that at the start of the project 

the WEEE Directive was in its infancy and 2nd draft stage. The RoHS Directive did not 

exist but was grafted off of the WEEE Directive and the original EEE Directive as a 
draft only appeared towards the end of the research project. The core focus for 

legislative requirements and the development of solutions therefore, was the WEEE 

Directive. Details of the three key items of legislation are provided here (note that each 
description has been updated to include the latest developments at the final proof 

reading stage of this document). 
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5.4.1 Directive of the European Parliament and of the Council on 
Waste Electrical and Electronic Equipment (EC, 2003a) 

The WEEE Directive emerged from a European Parliament resolution on 14 November 

1996 that asked the Commission to "present proposals for Directives on a number of 

priority waste streams including electrical and electronic waste, and to base such 

proposals on the principle of producer responsibility" (EC, 2003a). 

The objective of the Directive is "as a first priority, the prevention of waste electrical 

and electronic equipment and, in addition, the reuse, recycling and other forms of 

recovery of such wastes so as to reduce the disposal of waste. It also seeks to improve 

the environmental performance of all economic operators involved in the life cycle of 

electrical and electronic equipment and in particular operators involved directly in the 

treatment of waste electrical and electronic equipment. " (EC, 2003a). 

The final version of the WEEE Directive was published in the Official Journal of the 

European Union on 13 February 2003. 

The core requirements of the WEEE Directive as applicable to telecommunications 

companies such as Nortel Networks are: 

" The collection of WEEE from customers; 

" The transfer of WEEE to treatment facilities to allow appropriate treatment of 
WEEE in accordance with the technical requirements laid out in the Directive; 

" The recovery of 75 percent of WEEE collected and component, material and 

substance re-use and recycling of 65 percent; 

" Ensuring financing of the costs for collection, treatment, recovery and 

environmentally sound disposal of WEEE is provided by the producer; 

" Provision of such information as is needed by treatment facilities to identify the 
different electrical and electronic equipment components and materials, and the 
location of dangerous preparations and substances in the equipment; and 

" Member States shall encourage the design and production of electrical and 

electronic equipment, which take into account and facilitate dismantling and 

recovery, in particular the re-use and recycling of WEEE, their components and 

materials. 

106 



The Directive entered into force in February 2003. Member States shall bring into force 

the laws, regulations and administrative provisions necessary to comply with the 

Directive by 13 August 2004. The Directive underwent many revisions over a seven- 

year period. Nortel Networks along with many of its competitors and other electronics 

manufacturing organisations was involved in lobbying the European Parliament directly 

as well as working towards changing the requirements through industry groups. 

Implementation of the Directive will have a significant financial impact on Nortel 

Networks particularly in terms of collection, recovery and treatment of existing 

equipment that will be taken back at end-of-life. Some of the equipment on the market 

has a life span of twenty years and many contain hazardous materials that have to be 

treated. It is likely that Nortel Networks will join a collaborative programme for 

collection and recovery and it will be interesting to see how the industry manages the 

issue. 

5.4.2 Directive of the European Parliament and of the Council on the 
Restriction of Certain Hazardous Substances in Electrical and 
Electronic Equipment (EC, 2003b) 

The RoHS Directive as it is commonly known was born out of the WEEE Directive and 

the principle emanates from the "Commission Communication of 30 July 1996 on the 

review of the Community strategy for waste management that stresses the need to 

reduce the content of hazardous substances in waste and points out the potential benefits 

of Community-wide rules limiting the presence of such substances in products and in 

production processes" (EC, 2003b). 

The objectives of the RoHS Directive are to "approximate the laws of the Member 

States on the restrictions of the use of hazardous substances in electrical and electronic 

equipment and to contribute to the environmentally sound recovery and disposal of 

electrical and electronic equipment" (EC, 2003b). 

The RoHS Directive came into force on 13 February 2003 when it was published in the 

Official Journal of the European Union. 

The main requirement applicable to telecommunications companies such as Nortel 

Networks is: 

" With effect from 1 July 2006 Member States shall ensure that "new electrical and 

electronic equipment put on the market does not contain lead, mercury, cadmium, 
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hexavalent chromium, polybrominated biphenyls (PBB) or polybrominated di- 

phenyl ethers (PBDE)" (EC, 2003b). 

There is built-in scope in the legislation to allow for adaptation to scientific and 

technical progress and also to consider the banning of additional substances in the 

future. 

The most interesting point of note is that "lead in solders for network infrastructure 

equipment for switching, signalling, transmission as well as network management for 

telecommunication" (EC, 2003b) is exempted for the ban. In the first drafts of this 

legislation there was no such exemption. The industry had success in lobbying for the 

exemption on the grounds of operating safety. This is hugely significant for Nortel 

Networks as they will no longer have to move to the use of lead-free solders. However, 

the exemptions may cause further difficulties for the contract manufacturers supplying 

populated printed circuit boards to Nortel Networks and other telecommunications 

operators as effectively they will have to run multiple production lines for leaded and 

non-leaded solders. Further complications and costs may be encountered at the end-of- 
life stage for telecommunications products as the leaded solder will have to be treated 

and managed appropriately. 

The only other issue for Nortel Networks is the use of hexavalent chromium as a 

coating. The development of an alternative coating was patented in 1999 based on 

molybdenum phosphate. It is plausible that this new coating could prove a satisfactory 

replacement. 

The remaining substances to be banned are generally not used in Nortel Networks 

products. It is highly likely that other substances will be banned in the future. Beryllium 

is earmarked and this could cause significant problems for Nortel as it is used 

extensively in mechanical electromagnetic shielding in many products. 

5.4.3 Proposed Directive of the European Parliament and of the 
Council on Ecodesign of Energy-Using Products (EUP) 

This proposed Directive is now in it's third iteration. Formally the EEE, the proposed 
Directive was targeted at reducing the impact on the environment of electrical and 

electronic equipment. The second iteration focused on a framework for the ecodesign of 

end use equipment (the EUE Directive). The proposed EUP Directive is still in the 
inter-service consultation stage which means the full text is not available. The scope of 
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the Directive though is still the ecodesign of electrical and electronic equipment 

including energy efficiency and it is possible the product ranges the Directive will cover 

may be extended to include aeronautical equipment and others. 

An outline of the EUE Directive text is provided as it is likely this text will still provide 

the core of the proposed EUP Directive. 

The scope of the Directive is to "ensure the free movement of end-use equipment within 

the internal market through the creation of a framework for the integration of 

environmental aspects in the design and development and for setting eco-design 

requirements for this equipment. It also establishes the conditions for the setting of 

specific eco-design requirements, as well as the methodology through which the level of 

these requirements is determined" (EC, 2002). 

The EUE Directive, at the time of writing, sets out the following requirements for 

designers and manufacturers of electrical and electronic equipment: 

" The manufacturer shall perform a conformity assessment of the EUE with the 

Relevant Requirements of the applicable implementing measure; 

" The manufacturer shall issue a declaration of conformity and affix a CE marking of 

conformity to the products; 

" Manufacturers of components or sub-assemblies will provide all necessary 
information to enable other manufacturers making use of the component or sub- 

assembly in EUE to establish the ecological profile of such equipment; and 

" The product will be designed by applying essential requirements specified in the 

Directive. These essential requirements necessitate a life cycle approach and include 

an assessment of the environmental impact of the product design and the 

conveyance of appropriate environmental performance information to the user and 

end-of-life managers of the product. The designer is expected to achieve a balance 

in the selected design solution between environmental performance and other 

relevant considerations such as safety and health, technical requirements for 

functionality, quality and performance and economic aspects. 

The EUP Directive will unquestionably set new legislative standards for the 

consideration of environmental issues in electronics product design and, for the first 

time, require producers of electrical and electronic products to consider product 
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environmental performance as part of the legal conformance process for placing 

products on the market. 

The implementation of the EUP Directive would result in a significant impact on Nortel 

Networks and telecommunications equipment manufacturers and particularly the design 

function. Data transfer throughout the supply chain would be required and the use of 

tools for formal environmental assessment of product life cycles. 

5.4.4 Integrated Product Policy 
A further significant step in the development of "greener" products and markets for 

such products is the drive towards a Community Integrated Product Policy (IPP). In 

2001 the European Commission issued a green paper on IPP (EC, 2001b). This paper 
has since been withdrawn and is currently in inter-service consultation with the 

likelihood of the document being classified as a Communication. The Community IPP 

will be: 

"both a framework for Member States, local authorities, businesses and NGOs to 

develop their ideas and spread positive experiences on the greening of products 

and a driving force through specific Community initiatives where such initiatives 

are most promising. This will require that the different levels of action, the 

Community, national, regional and local levels, as well as government and 
business-led initiatives work hand in hand to ensure that a maximum effect of 
initiatives can be achieved" (EC2001b). 

IPP is defined in the green paper as: 

"... an approach which seeks to reduce the life cycle environmental impacts of 

products from the mining of raw materials, to production, distribution, use, and 

waste management. The driving idea is integration of environmental impacts at 

each stage of the life cycle of the product is essential and should be reflected in 

decisions of stakeholders. 

IPP focuses on those decision points which strongly influence the life cycle 

environmental impacts of products and which offer potential for improvement, 

notably ecodesign of products, informed consumer choice, and the polluter pays 

principle in product prices" (EC, 2001b). 
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Adoption of a Community IPP could not only result in product related legislation but 

also other market-based instruments to achieve improved product/service environmental 

performance and a move towards sustainability. IPP offers all potential stakeholders an 

opportunity to shape future product focussed environmental initiatives. 

5.4.5 Summary 
The legislation tracking system within Nortel Networks will continue to identify issues 

particularly concerning substance bans as and when they arise. Compliance with 

existing international substance bans is not considered to be problematic. The three key 

items of existing and pending product-based legislation for the electronics industry, 

however, are potentially problematic. Each will require, at the least, knowledge of the 

hazardous materials present in electrical and electronic equipment and the EUP 

directive (proposed) will require complete material composition data from the supply 

chain for components and sub-assemblies. 

5.5 Supply Chain Information Requirements for ISO 14001 

Nortel Networks are committed to gaining certification to the ISO 14001 environmental 

management system standard at sites throughout the organisation. 

Implementation of an environmental management system requires the identification of 

significant environmental aspects and impacts. All sites have different activities but at 

all sites the supply chain is recognised as indirectly contributing to the environmental 

aspects and impacts of the organisation. Therefore, supplier environmental assessment 

and management is considered an important element of the management system 

approach. 

The environmental management system is a mechanism that provides for: 

"a systematic and cyclical process of continual improvement....... The cycle itself 

begins with planning for a desired outcome, implementing that plan, checking to 

see if the plan is working and finally correcting and improving the plan based on 

observations from the checking process. Logically then, if the original outcome 
desired remains the same, a system of this nature will, by default, generate 
increments of progress that continually move towards the desired outcome" 
(Roberts and Robinson, 1998). 
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For the supply chain of Nortel Networks the desired outcome is improved 

environmental performance of the suppliers in terms of overall environmental 

management aspects such as policy, systems and process improvements but also 

product aspects such as reduced hazardous material content or improved use-phase 

energy consumption). Such a desired outcome, therefore requires mechanisms for 

"doing, checking and reviewing". 

Information is regularly gathered from suppliers on general environmental 

management aspects and environmental assessment questionnaires are common 

throughout the electronics industry. However, few companies have made active steps 

to capture comprehensive product data and integrate supplier product environmental 

issues into continual improvement programmes for ISO 14001. 

Complete material data on components and sub-assemblies would enable Nortel 

Networks to conduct product eco-evaluations and to provide feedback to suppliers in 

a partnership approach in a bid to improve product environmental performance and 

thus, demonstrate continual improvement. 

5.6 Summary 
It has been shown that there are four areas within a product life cycle management 

approach for telecommunications equipment that have requirements for, or would 
benefit from, a range of product material or environmental data from the supply chain. 

Customers are increasingly requesting hazardous material declarations and even 

complete material profiles of products. 

The consideration of component and material eco-performance during product 
development or ecodesign requires accurate information on component material 

composition and the availability of life cycle inventory data could result in even more 
informed decisions. 

To ensure continued compliance with existing, pending and new legislation, particularly 

on material bans, for electronic products requires knowledge of the hazardous materials 

present in the components and materials procured. 

The provision of product material data and a commitment to substituting hazardous 

materials and improving product eco-performance by suppliers are regarded as factors 

that could be integrated into a continual improvement cycle for ISO 14001. 
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Chapter 6 Data Capture Solutions 

The objectives of this chapter are to: 

" Describe the methodology for data capture; 

" Present the results and recommendations from this section of research (programme 
2) 

6.1 Introduction 

In chapter 5 and programme 1 it was suggested that, in order to meet the requirements 

of customers, legislation, ecodesign and ISO 14001, a variety of data would need to be 

captured from the supply chain. Programme 2 of the research project was designed to 

identify how appropriate data could be transferred. The first step was to compare 

potential supplier product environmental data with alternative sources. 

6.2 Data Solutions 
A study was conducted to compare four solutions to the problem of product data 

capture: 

" Database A- component life cycle inventory-based data used for DfE; 

" Database B- component environmental specification data; 

" Supplier Data - Nortel Networks specific; and 

" Supplier Data - industry collaboration. 

A simple evaluation of the four solutions in terms of their cost and effectiveness in 

resolving the data capture problem is illustrated in Figure 12 

6.2.1 Data Capture and Availability Solutions Evaluation 

Each of the four solutions were evaluated by asking the following questions: 

1) Are the data the appropriate data (component specific material composition)? 

2) How comprehensive are the data in terms of components covered? 

3) Are the data easily available? 

4) What are the costs of data capture? 

5) Can the data be readily updated? 
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Figure 12. Basic Evaluation of the Four Solutions 

For solutions 1 and 2 the components were selected because they were either identified 

as being a potential customer specification compliance issue or are just random 

examples of components. 

A. Solution 1- Database A 

Database A is a commercially available database of components and materials used in 

the electronics industry. It is supplied as part of a Design for Environment software tool. 

The default categories for product data are: materials-in composition; Life Cycle 

Inventory (LCI) of raw materials; LCI of waste; LCI of air emissions; LCI of water 

emissions; additive materials in composition; and coating materials in composition. 
Table 8 shows the data available on selected components from the database. 

The database, as supplied, contains a limited amount of data on a limited number of 

electronic components. Only some of the components have material composition data 

and component data are incomplete as Table 8 shows (" = present in database, X= not 

present). In addition, the data are not comprehensive in terms of components covered. 
The database is readily available as it is part of a DfE software tool but because of this 

the data are relatively expensive. It is clear that the data available would not provide the 
detailed component information required, primarily because the data provided in this 

version are only representative of a few electronic components. There is, however, a 
facility for expanding the supplier and component specific data in the database and the 
latest version of the software contains specific hazardous material data. 
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B. Solution 2- Database B 

Database B is a commercially available database that provides data on a selection of 

electronic components. The data are given in a different format to that in Database A. 

The environmental specification data are presented in four sections: identification; 

component technology (including a construction schematic and material balance 

(organic, metal and ceramic)); problematic substances and materials; and resource 

aspects concerning discarding. Table 9 shows the data available on selected components 

(" = present in database, X= not present). 

Table 8. Example Component Data in Database A 

Component I 
(Connector . " . . " X X X 
high current)) 
Component II 
(Connector low x X X X X X X X 
current) 
Component III 
(Integrated x " " " " X X X 
circuit) 
Component IV 
(diode - plastic x " " " " X X X 
body) 

Database B contains detailed component material composition data, details of possible 

problematic substances and information on manufacture, assembly, disposal, and 

component recyclability data for a significant range of components. It also contains data 

on different types of components in the same family i. e. different specification 

capacitors. Data are available on a better selection of components than in Database A 

but the data still do not cover enough components or suppliers. However, the data on 

sample components have been taken from more than one supplier in some cases. The 

database is readily available at a low cost. 
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Table 9. Example Component Data in Database B 

Component I 
(transistor) 
Component II 
(connector - . " " " 
socket) 
Component III X (integrated circuit) 
Component IV 
(aluminium 
electrolytic 
capacitor) 

C. Solution 3- Supplier Data (Nortel Networks specific) 

Solution 3 involves capturing data from the suppliers of Nortel Networks. A programme 

was put in place to investigate this possibility. Details of the gap analysis conducted to 

identify whether the current Norte] Networks supplier environmental assessment 

questionnaires developed for ISO 14001 asked the type of questions that would generate 

the information to answer customer questionnaires are provided in Chapter 5. The 

conclusions were that they did not and that a new improved and advanced process was 

required. 

Three new versions of a Nortel Networks supplier environmental assessment 

questionnaire were then developed utilising the information from research programme 1 

that met the requirements of providing information for customers, WEEE Directive 

compliance, WE, and ISO 14001 continual improvement. Each version of the 

questionnaire differed in format, structure and question content. Three suppliers were 

selected to participate in a pilot study. Each participating supplier was sent the three 

versions of the questionnaire in electronic format (Excel spreadsheet) and was asked to 

complete them in electronic format and to supply additional feedback. This included: 

" comment on the ease of completion of the questionnaire in terms of an 

understanding of what was being asked and layout; 

" rank the three versions from 1 (best) to 3 (worst); and 

" comment on the ability of the supplier to provide environmental data on all products 

supplied to Norte]. 
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" Appendix VIII contains the trial questionnaires and covering letter (the latest 

version of the WEEE Directive and an example customer questionnaire were 

include in the pack sent to suppliers)). 

The questionnaires consisted of sets of questions that are common to many supplier 

environmental assessment questionnaires, but each questionnaire also contained a 

specific detailed product environmental information section to complete. This product 

section requested material composition data at component level and data on materials 

used in manufacture and emitted during use of the product. The data form (see 

Appendix VIII) was designed to enable suppliers to declare a set of specific substances 
deemed "hazardous" by Nortel Networks (substances already subject to regulation, 

those earmarked for ban/substitution and those of concern to customers) and then to add 

others contained within the product. A declaration of as near to one hundred percent 

material content is preferable. The suppliers were asked to enter product material data 

into the data form if they answered that they could provide such data in the supplier 

assessment questionnaire. 

The response to the research from the suppliers was positive. They all valued open 
dialogue with their customer on these environmental issues as they were rarely provided 
feedback on how the information captured in questionnaires was used. 

A large amount of product information was requested through the product 

environmental questionnaires. Not surprisingly, the suppliers were initially surprised at 

the quantity and detail of data requested as no customer had actually requested detailed 

product information on all products supplied (thousands of components). They were, 
however, all prepared to provide as much information as they could and to develop 

collaborative programmes in an attempt to formulate a solution. The identification of 

the suppliers cannot be revealed but some feedback from the three suppliers is provided 
in Table 10. 

The feedback from the suppliers suggests that only one of them is in a reasonably strong 

position to provide the product data requested (Supplier A has material composition 
data readily available on some components and is building its dataset). Two of the 

suppliers have generated a statement of generic composition (what is not in their 

products, what definitely is and what may be depending on customer performance 

requests). Figure 13 illustrates the "usefulness" of the type of data suppliers could 
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provide and an indication of its availability. Hazardous material declaration meets some 

requirements but for Nortel Networks to be able to (1) answer every customers' request 

for hazardous material content (different customer/legislative lists), (2) select options 

for end-of-life (economic value of non-hazardous materials) and (3) drive towards the 

development of more environmentally friendly products, the data type has to move 

towards D in the diagram and the availability obviously has to increase. 

Table 10. Supplier Feedback from Questionnaire Pilot Study 1 

EMS in place? " " " 

DFE programmes running? " " X (planned) 

Material composition data available on all 
X x X 

products? 

Material composition data available on some 

products? 

Systems being developed to obtain product 
" X X 

specific data? 

General product material composition data 

available? 
" " X 

LCA data available on any products? " x X 

The next step was to select and finalise one of the questionnaires used in the first pilot 

study using feedback from the participating suppliers and feedback from groups within 

Nortel Networks. It was imperative that the new questionnaire (Supplier Environmental 

Appraisal Procedure) was considered for adoption or as a basis for a globally approved 

method for supplier environmental assessment and product data capture. Nortel 

Networks site Environment, Health and Safety primes provided input on the content, 

feasibility, ease of use and compatibility with the continual improvement process for 

ISO 14001, of the questionnaire. A scoring system was developed based upon expert 

allocation of scores to enable a quantified evaluation of the question responses. A 

second pilot study was designed. The product data form remained the same as for the 

first pilot. The questionnaire was sent to 26 suppliers of various commodities in an 
118 



extended pilot study (see Figure 14 for final questionnaire). The comparative results for 

just the product data provision section of the questionnaire for each supplier is provided 

in Figure 15. The scores for each supplier are total scores from the data provision 

section that consists of four questions with scores allocated to each. The suppliers were 

asked whether the following were available: 

" complete product material data; 

" hazardous material content data; 

" life cycle inventory data; and 

" information on End of Life options. 
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Figure 13. Data Usefulness and Availability 

The majority of suppliers met the first target score. This is the score allocated for the 

provision of hazardous material content. Only two met the preferred score. Data on 

sample components (to be inserted into the product data form) were requested from 

each supplier. Only a few of the suppliers could provide data and much of the data were 

considered to be incomplete. 
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Figure 14. Pilot Study 2 SEAP Questionnaire 
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The completed SEAP questionnaire from one supplier, the comparative scores from the 

pilot study for all sections of SEAP and one of the pilot study reports that were sent out 

to every participating supplier in the study are provided in Appendix IX. Every 

participating supplier received detailed feedback on their performance and how they 

compared to the other suppliers participating in the study. 

The results from the second pilot study gave an excellent indication of the diversity in 

environmental performance of suppliers and the dearth of available product material 

content data and yielded an approach to supplier environmental assessment that was 

approved for use by the Nortel Networks European ISO 14001 site primes (Site 

Environment, Health and Safety representatives). 

The pilot also yielded two crude tools - the SEAP questionnaire and the product data 

form. They are crude in the sense that they are spreadsheet-formatted documents. The 

next objective in the research project was to transform these basic forms into a proposed 

and demonstrable web-based system (see section 6.3). 

D. Solution 4- Supplier Data (Industry Collaboration) 

The proposed solution 4 to the problem of data gathering involves direct capturing of 

product environmental data from suppliers but the workload is shared in a collaborative 

venture amongst electronic equipment manufacturers. Supplier environmental 

assessment would still be conducted by the individual companies but product data 

would be collected in collaboration. This would require co-operation and would need 

agreement particularly on the format in which the data should be provided and method 

standardisation. The costs of data capture should be reduced but the effectiveness may 

also be reduced because data obtained by one electronics company may not be suitable 

for another (see Figure 12). 
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At the time of the development of SEAP no such initiatives existed. However, in the last 

two years three such initiatives have emerged and are currently being developed. The 

most significant is the Supply Chain Management programme of EICTA (European 

Information and Communication Technology Industry Association. 

The objectives of the initiative are to: 

" Develop a common list of reportable materials; 

" Set up a web site to link into suppliers accepted into the scheme; 

" Require suppliers to display information on products on a standard template; 

" Require suppliers to demonstrate they have an effective Environmental Management 

system in place; 

" To expand the scope, once it has been established to include Life Cycle Assessment 

data; 

9 Have supplier approval by EICTA member companies; 

Prepare common training material for EICTA members to use with their suppliers; 

and 

" Pilot to be launched within six months (Adams and Loch, 2000). 

The RE has been representing Nortel Networks in this industry group initiative and at 

the time of writing the list or reportable materials and substances has been agreed, the 

format for declaration agreed for the pilot study and discussions concerning the database 

structure are taking place. The pilot study is imminent. 

A similar initiative is already underway in the automotive industry. A database system 
(the International Material Data System (IMDS)) has been established to meet certain 
data requirements of the EU Directive on End-of-Life Vehicles. The database system 

allows all elements of the supply chain to add relevant data to the system. This model is 

being considered by EICTA. 

If the collaborative approach is actually implemented and data are collected it would be 

the preferable product data capture solution in terms of cost of ownership per company 

and availability of data. However, a number of the members of EICTA are still opposed 

to the scheme and question the need for the capture of such detailed data. 
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Two other initiatives are also underway: 

" Electronic Industries Alliance (EIA, USA); and 

" Japanese Green Procurement Initiative 

The EIA is a major electronics manufacturers trade association. Their work in this area 

has resulted in the generation of a common list of product reportable materials for their 

members to use when procuring from suppliers. The draft template (EIA, 2000) requires 

the declaration of the presence or not of a set of hazardous substances and also four 

"recyclable" metals and their compounds. The supplier is not expected to quantify those 

substances present. 

The Japanese initiative is a recent development and very much at an embryonic stage 

with only some theories concerning material declarations being tabled. The Japanese 

working group recognise the extensive work already conducted by EICTA and are 

seeking to explore opportunities for alignment of effort. 

The electronics industry obviously operates at a global level with many multi-national 

companies involved. It would be beneficial to the industry if a global approach to 

product material declarations could be brokered and a common process agreed. 

It is the RE's opinion that only a collaborative approach to data capture will solve the 

problem and provide the necessary information at the appropriate cost. Obviously all 

participants have to be convinced that full-scale data capture on material content of 

components is the right thing to do. It is suggested that many organisations still question 

whether it is. 

The recommendation is that organisations investigate their commitment whilst 

collaborating on the collection requirements associated with the WEEE Directive. If the 

EUP Directive or it's equivalent enters into force collaboration will surely be 

imperative. 

Other collaborative data capture initiatives have also developed, of which GreenPack is 

the most notable. GreenPack is a Scandinavian initiative that is focussed on obtaining 

product material content data from electronics component suppliers primarily in 

Scandinavia. It is likely that this initiative will be integrated with the larger, more global 

programmes. 
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6.2.2 Data Capture Solutions Summary 
The data source comparative study demonstrated that only supplier-specific data could 

meet the needs and requirements defined in chapter 5. The next stage of the research 
focused on developing and refining an appropriate solution for use by Nortel Networks 

and potentially other telecommunications companies. 

6.3 Proposed Data Capture Solution 
Capturing product material data for the supply chain for a company such as Nortel 

Networks can be achieved in two ways: 

" Manual compilation, transfer and data input to database; and 

9 Internet-based entry, transfer and databasing. 

The first method requires the supplier to enter the material data specific to a component 

with a unique part number into a template either by hand or in Excel or Word and then 

sending it to the customer either by post or e-mail (in the second SEAP pilot study the 

supplier was requested to complete the product form as an Excel spreadsheet and e-mail 
it). The customer (e. g. Nortel Networks) would then validate and approve the data (see 

section 6.3.2.1) before manually entering the information into the appropriate 
designated field of the component database. The data supplied in the second SEAP pilot 

study was converted into HTML and added to a temporary internal web site. 

The second method requires the supplier to complete each product data form using an 
Internet interface. This then enables the supplier to send the data through a secure 
firewall in the Nortel Networks network where it can be automatically held in a 
database. 

The first method was considered too labour and resource intensive. In an attempt to 

make the questionnaire completion process and transfer of data as automated as possible 

a web version of SEAP was investigated. The alpha version of web-SEAP consists of a 
form for the main questionnaire and a form for the submission of product material 

composition data. All the information is entered into the web forms and submitted to a 
database in Filemaker Pro, which is running on a PC. The data is then made readily 

available on the web for Nortel Networks users. 

The architecture of the proposed data management system is presented in Figure 16. 
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Figure 16. Product Environmental Information System 

6.3.2 Web-SEAP 
Web-SEAP was developed as it solution to the capture of environmental data from the 

supply chain. Its development incorporated all the feedback obtained from the SEAP 

pilot studies. 

Web-SEAP is essentially a web site divided into two core areas. One area is for use by 

the supplier for entering data and would be password protected. The second area is for 

use by Nortel Networks and focuses on the storage and presentation of data. In this 

section screen shots are provided as figures in the text of a selection of the web pages in 

web-SEAP. All the web files have been printed and are provided in Appendix X. 

Supplier Area 

Once a supplier (new or existing) has gained security access to web-SEAP they are 

presented with a brief menu with links to: 

" guidelines for completing the SEAP questionnaire; 

" the SEAP questionnaire; and 

" the product data entry form. 

(see Figure 17). 
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Figure 17. Web-SEAP Supplier Menu 

The guidelines were developed to provide the suppliers with guidance to answering the 

questions in the questionnaire and to provide an indication of what exactly would be 

expected of the supplier if they answered the question either yes or no as appropriate. 
The guidelines are an integral part of web-SEAP and are considered an important means 

of communication between the supplier and Nortel Networks (see Figure 18). 

Environmental assessment questionnaires received from customers of Nortel Networks 

rarely include any detailed information on the objectives of the assessment and 
definitions and explanations of what information is actually required. This is also the 

case for pre-SEAP Nortel Networks supplier assessment questionnaires. This situation 

was considered unsatisfactory, hence the development of the guidelines. 
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Figure 18. SEAP Supplier Guidelines 
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Following the link from the supplier menu page takes the supplier to a disclaimer 

regarding the confidentiality of information and then to the SEAP questionnaire Part A 

(see Figure 19). 
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Figure 19. SEAP Questionnaire 

SEAP Part A is designed to assess a supplier's commitment to the implementation of 

environmental management systems and to a programme to reduce risks of 

environmental pollution and business interruption. 

The next page is SEAP Part B (see Figure 20). This set of questions focuses on product 

related environmental issues. The objective is to evaluate the supplier's performance in 

terms of a commitment to product and process environmental performance 
improvement and the ability to provide product environmental information. The 

supplier is requested to complete Part B and then either finishes the process after 

submitting the questionnaire or continues to Form Al, the product data form if they 

have specified in SEAP Part B that they can provide data). 
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Figure 20. SEAP Part B Product Focused Issues 

Form Al (see Figure 21) is the product or component material declaration form. The 

supplier is instructed to insert the name of the supplier, the component Nortel Networks 

part number or the manufacturer's part number and a brief description. The percentage 

of each constituent hazardous substance is then entered and/or an indication of whether 

the substance is used in manufacture, planned for phase-out or emitted during use. The 

same information for constituent substances, in addition to the specified hazardous 

substances, can then be added along with a component total mass. The aim is for the 

supplier to declare as close to 100 percent substance composition of the component as 

possible. 

Once a supplier is registered with-in web-SEAP it would be possible for them to add 

product data as required per component. If implemented within Nortel Networks it 

would be logical to start with declarations from newly qualified and coded components. 

The submission of the on-line questionnaire results in the supplier being calculated a 

percentage score. 
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Figure 21. Product Material Declaration Form Al 

Nortel Networks Area 

This area of web-SEAP is designed to present the supplier environmental company and 

product performance data to any interested party within Nortel Networks. It will provide 

information for ISO 14001 continual improvement and component and supplier 

selection and potentially for Nortel Networks product material profiles. 

The menu page can be seen in Figure 22. 

The menu page contains links to enable the user to access: 

"a list of component part numbers with material data and suppliers that have 

submitted the data (see Figure 23); 

"a summary of each supplier environmental appraisal scores for Part A and Part B 

(see Figure 24); and 

"a list of suppliers and their full questionnaire responses (see Figure 25). 
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Figure 25. Example Questionnaire Response 

Each part number listed in the list of component part numbers with material data is a 

link to the actual material data supplied. An example of a completed materials 

declaration from a supplier is provided in Figure 26. 
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Figure 26. Example Material Declaration 

6.3.2.1 Web-SEAP Discussion 

m 
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The web-SEAP presented is an alpha version. It is acknowledged that the tool could be 

modified and improved for implementation purposes. This could be achieved by some 

of the following: 

" automated warning and help dialogue boxes could be incorporated to assist the data 

input process; 

" automatic answer triggers could be included e. g. if the substance is not used in 

manufacturing it cannot be phased out or emitted during use and if a substance is 

present in the product it has to have been used in the manufacturing process; 

" the list of hazardous substances used in Form Al could, of course, be changed 

according to the requirements of the company; and 

" the units of substances could also be changed from percentage of substance and total 

mass to the mass of substances present and total mass. The objective is to identify 

the mass of each substance in the product. Percentage declarations enable the 

supplier to generate one declaration for a group or family of components with the 

same substance composition but different masses (e. g. integrated circuits with the 

same package types but different pin counts). 
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Many elements of the system could be changed to meet different requirements. Web- 

SEAP was designed as a tool to meet some of the requirements described in Chapter 5. 

If web-SEAP were implemented it would have to cope with material composition data 

on many thousands of components. The alpha version of web-SEAP used Filemaker Pro 

as a database but any launched system would require a much more powerful database 

structure. 

It would be possible to add a simple percentage-to-mass conversion calculation into the 

system for the material declarations and also an algorithm for eco-evaluation (see 

Chapter 7) automatically generating a performance score for each component and 

supplier. 

Investigations were conducted to determine the type of data that could be made 

available in the Nortel Networks component engineering database partSMart. It would 

be relatively straightforward to add an environmental compliance or performance field 

and add information on the presence of substances that are earmarked for phase-out or a 

statement declaring compliance. Likewise it would also be straightforward to add any 

eco-evaluation scores for components. 

The major obstacle is transferring comprehensive material declarations on components 
from suppliers in HTML format to a designated field in the component database and 

then enabling these declarations to be collated in a bill of materials. The information 

could be added to the partSMart database manually and the data extracted in the 

generation of a bill of materials for the Nortel Networks product using software 

products such as WebCROP. WebCROP is already used to review product attribute data 

in bill of materials for products. A standard query could then be written to generate a 
total material content for the final product in theory. 

The preferred method would involve supplier material declarations automatically being 

added to the component database after submission on the Internet. This scenario is 

plausible and would require the direct importation of the material data from one 
database to designated fields in the Nortel Networks component database. 

Validation 

A further requirement is the auditing or validation of the data on supplier eco- 

performance and the product material data from suppliers. This would require the 

periodic checking of the information provided by suppliers. A supplier auditing 
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procedure exists within the supply management function of Nortel Networks to ensure 

the supplier meets the requirements of the internal standards for quality and reliability. 

It is suggested that additional elements are added to the auditing procedure that provide 

a means of verifying a supplier's performance and the product material declarations 

provided. 

Particularly important is the method or technique the supplier uses to generate material 

declarations as this will have an impact on the accuracy of the declaration. Three 

method types are generally available: 

" manufacturing mass balance; 

" design specifications and bill of materials; and 

" destructive chemical analysis. 

In the SEAP pilot studies few suppliers were actually able to provide data. Those that 

could preferred to use design specifications as the predominant source of information. 

Mass balance calculations would require a rigorous measurement programme to be 

implemented and the process would be complicated with allocation issues. It was 

suggested by one supplier that bill of materials information needed to be used with 

some caution as they may state the mass or volume of material to be used per unit for 

manufacture but some of the material may end up as waste. Destructive chemical 

analysis is generally considered as a last resort because of the cost. However, in terms 

of an auditing or validation method for companies such as Nortel Networks it offers the 

only way of checking material declarations. 

An MSc research project was designed by the research engineer to investigate the 

various analytical techniques available. The MSc student was supervised by the research 

engineer. The objectives of the research were to: 

" "Provide accurate, comparative information on the material content of electronic 

components from selected suppliers of Nortel Networks; 

" Assess the economic feasibility of destructive analysis to determine component 

material content; and 

" Identify the techniques used by a selection of suppliers in the provision of 

component environmental data to Nortel Networks, and to investigate a method to 

validate supplier product eco-data" (Widdowson, 2000) 
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The conclusions of the research were : 

"Validation of quantitative data can only accurately be carried out if the exact method of 

initial analysis is known and replicable. Different methods of analysis will yield 

different results due to the techniques used, the different sensitivities that each method 

may have and the interference associated with each technique" (Widdowson, 2000). 

Taking into consideration the difficulties associated with the development of a 

quantitative method the methods recommended are: 

i) Particle size reduction by grinding to ensure an homogenous powder; 

ii) Scanning Electron Microscope/Energy Dispersive X-ray for initial analysis to 

determine the material composition and for the semi-quantitative analysis of 

bromine; 

iii) Use of a combination of plasma techniques (Inductively Coupled Plasma /Sector 

Mass Spectrometry, Inductively Coupled Plasma/Atomic Emission 

Spectroscopy) to determine quantitatively the elemental composition. 

iv) Pre-treat the sample by acid/caustic leaching to enable organic compounds to be 

determined by either High Performance Liquid Chromotography/Mass 

Spectrometry or Gas Chromotography/Mass Spectrometry. 

The cost of quantitative analysis is considerable and is estimated per component as 

potentially £300 or greater (Widdowson, 2000). 

It can be concluded that for validation purposes it would be preferential to have a 

standard industry-wide process for component material declaration that uses a common 

method. A standard validation procedure could then be developed and an appropriate 

strategy introduced. 

6.4 Electronics Supply Chain Restructuring 

In the last two years the structure of the Nortel Networks supply chain has undergone 

radical change. This 'change has taken place across the entire electronics industry 

(identified through numerous personal communications with representatives of many 

organisations). The general move has been away from in-house manufacturing of 

products and towards focussing on the areas of core expertise of the company 
(technology research and development, customer service etc.. ). This shift has resulted in 
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both mechanical and electronic assemblies being manufactured by Electronic 

Manufacturing Service (EMS) companies or "contract manufacturers". 

The shift has also resulted in an additional complexity to a solution to product material 

data capture as a further link in the supply chain now exists. In a contract manufacturing 

scenario the component suppliers may still be qualified and components purchased by 

systems providers i. e. Nortel Networks, so ownership of the supply chain is maintained 

and product material data can be exchanged between the component supplier and Nortel 

Networks. However, future scenarios may involve contract manufacturers being 

provided with a product design and specification and freedom to choose their own 

suppliers. One of the major financial benefits of using contract manufacturers is the 

opportunity to take advantage of their greater buying power and leverage of the supply 

chain because of the enormously high purchase volumes. In this situation companies 

such as Nortel Networks would require the contract manufacturer to supply a product 

materials declaration and it would be the responsibility of the contract manufacturer to 

obtain material data direct from the component manufacturer. 

The materials declaration from the contract manufacturer could be made in the same 
format as the component declaration or it could be made in a format such as the ECMA 

TR70 materials declaration. The European Computer Manufacturers Association 

developed a template for materials declarations for electronics products between 1996 

and 1998. It is known as Technical Report 70 and consists of a flexible approach to 

communicating product environmental performance information to the end user of the 

product. The customer information section is comprised of eleven sections (see 

Appendix IV) including upgradability, energy consumption, electro-magnetic, physical 

and chemical emissions, materials content, disassembly and packaging. 

The materials declaration template being developed by the EICTA supply chain 

management group is also intended for use as a sub-assembly materials declaration tool. 

6.5 Data Capture Conclusions 
Programme 2 of the research project was designed to identify how product 

environmental performance data could be captured from the supply chain. The research 
has resulted in a process for assessing the environmental performance of electronics 

components suppliers and a template for providing product materials data. 
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The preferred means of data transfer is online via the Internet. A web-based tool for 

supplier environmental assessment and product data capture has been developed for 

Nortel Networks. It is feasible for the system for data collection to be integrated with 

current Nortel Networks component databases although further modification of existing 

systems would be required. 

Methods for product material data validation have been investigated but further work is 

required in this area. 

Perhaps the most manageable and cost-effective solution for product material data 

capture from the supply chain is an industry collaborative approach. Three such 

approaches are currently undergoing development and the research detailed in this 

thesis has contributed to the EICTA supply chain management materials declaration 

template. 
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Chapter 7- Data Utilisation 

The objectives of this chapter are to examine how supplier component material data and 

company environmental performance data can be used: 

" in terms of supplier selection and component selection decision-making; 

" in the generation of product material profiles for complex telecommunication 
products, and 

" in meeting the requirements of legislation and ISO 14001. 

7.1 Eco-evaluation of Electronic Components 

A methodology for the eco-evaluation of electronics components and mechanical 

assemblies has been developed. The methodology consists of a hierarchical decision- 

making process that reflects the availability of material content data on components and 

mechanical assemblies. The methodology can be used to "qualify" components and 

suppliers in terms of their environmental or "eco" performance and ultimately should be 

integrated into existing component and supplier selection decision-making processes as 

an integral part of improving product environmental performance. 

7.1.1 Component and Supplier Selection and Qualification 

Decisions on the sourcing of electronic components and mechanical assemblies 
(commodities) are potentially made at three stages of the product life cycle (after the bill 

of materials/parts list has been approved in the design): 

" Component/commodity qualification 

" Approved Vendor List categorisation 

" Commercial manufacturing component sourcing 

Details of the qualification processes in place at Nortel Networks were provided in 

Chapter 2. Similar qualification processes will be in use throughout the 

telecommunications and the electronics industry. 

Any methodology proposed for the eco-evaluation of suppliers and components would 
have to be integrated into the existing qualification process. 

7.1.2 Component Eco-Evaluation Methodology 
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A methodology for the eco-evaluation of components from suppliers has been 

developed that is based upon the available product-focused information from the supply 

chain (it has been shown in Chapter 6 that data availability and preferred types of 

product material declaration vary enormously between suppliers of electronic 

components). The objective is to evaluate the eco-performance of components from 

different suppliers as an integral element of the supplier and component qualification 

process. The method allows for the meeting of minimum requirements for qualification 

approval (regulatory compliance) and also for making more complex evaluations that 

incorporate the use of key environmental assessment factors and more information. The 

hierarchy of evaluation consists of four levels and the structure is shown in Figure 27. It 

is suggested that one or more levels are implemented depending on the perceived 

requirements of the company. 

The method draws upon methods used in elements of Life Cycle Assessment but also 

introduces unique combinations of assessment processes. 

Level 4 

TX 
Level 3 

Toxicity Potential Score + Resource Depletion Score 

+ Supplier Assessment Product Score 

Toxicity Potential Score + Resource Depletion Score 

L\ Level 2 
I 

Toxicity Potential Score 

Level I 
/ 

Hazardous Material Compliance Specification 

Figure 27. Component Eco-Evaluation Hierarchy 

7.1.2.1 Level I Eco-evaluations 

Level 1 eco-evaluations consist of the setting of prescriptive minimum requirements 

regarding the absence of specified hazardous materials in components. This has become 

a common approach in the electronics industry with companies setting material 

constraints for suppliers that revolve around one or two specified lists of banned and 

restricted substances. The "banned and restricted" substances may actually be banned or 

restricted under regional or international law or may be targeted for banning or 

restriction. Some of the restricted substances on company lists will be considered 
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harmful to the environment due to available documented evidence and are open for 

negotiation between customer and supplier. The focus of a level 1 eco-evaluation is 

essentially hazardous material compliance and a "negative" declaration (i. e. what is not 

in the product). Nortel Networks are about to implement a supplier product hazardous 

material declaration as part of supplier eco-assessments in a Core Environmental 

Requirements programme. This aspect of the CER programme was adapted from 

recommendations from the EngD research. It ensures compliance with current 

hazardous material regulations and anticipatory compliance with the material 

substitution requirements of the EU Directive on the Restriction of Use of Certain 

Hazardous Substances in Electrical and Electronic Equipment (European Commission, 

2000). 

The prescriptive lists intended for use within Norte] Networks are presented in Tables 

11,12 and 13. 

Table 11. Substances Banned from Nortel Products. 

Chlorofluorocarbons (CFCs) CFC-11, -12, -13, -111, -112, -113, -114, -115, -211, -212, -213, - 
214, -215, -216 and -217 

Chlorinated hydrocarbons 1,1,1-trichloroethane, carbon tetrachloride 

Bromofluorochlorocarbons (Halons) Halon 1211,1301 and 2402 

Polychlorinated Biphenyls (PCBs) C12HIo-� Cln where n>2 

Polybrominated Biphenyls (PBBs) C12HianBrn where n>2 

Polychlorinated Terphenyls (PCTs) C, 81-114-�CI� where n>2 

Bis(Chloromethyl) ether C2H4CI20 

Chloromethyl methyl ether C2H5CIO 

(4- 
chlorophenyl)cyclopropylmethanone, 
O-[(4-nitrophenyl)methyl]oxime 

C17H15CIN203 

Dodecachloropentacyclo 
[5.3.0.02,6.03,9.048] decane 

Table 12. Substances Restricted in Nortel Networks Products 
Due to Impending Ban. 

Lead 
Cadmium 
Mercury 
HCFC 
Hexavalent chromium 
lHalogenated flame retardants 
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Asbestos 

Table 13. 
Substances Restricted by Nortel Networks 

and Targeted for Elimination or Substitution Due to 
Their Potential to be Harmful to the Environment. 

Acrolein 
Acrylonitrile 
Antimony and compounds 
Arsenic 
Benzene 
Beryllium 
Cyanides 
Formaldehyde 
Nitrogen dioxide 
Selenium and compounds 
Thallium and compounds 
X Iy enes 

An obvious problem with each company (both equipment suppliers and equipment 

users) generating distinct lists of banned and restricted materials is the resulting need for 

companies to ensure compliance with widely differing customer requirements. A far 

better approach would be for industry groups to agree on a common process and 

adherence to the same lists of substances. An attempt to achieve such a united approach 

is currently in progress between the members of EICTA (European Information and 
Communication Technology Industry Association) and other trade associations. The 

EICTA supply chain management working group has generated a list of reportable 

substances and a common format for reporting and a pilot study has commenced (see 

Chapter 6). A similar programme is also being developed by the Electronics Industries 

Alliance in North America (EIA, 2000). It is likely the two will merge into one global 

programme. The principle of collaborative programmes is to be applauded. However, 

obtaining a consensus on the approach can be problematic. 

Prescriptive negative material declarations can meet the requirements of component 

qualification activities because it is relatively simple to set a benchmark or minimum 

compliance score, particularly for regulated materials. If the specified "banned" 

materials are present the component does not comply, if they're not, the component 

does comply. Negotiations on "restricted" substances may take place between customer 

and supplier and agreements may be made or exemptions granted accordingly that will 

be influenced by the technical feasibility or functional detriment caused by substitution 

or elimination. 

A level 1 eco-evaluation integrates well with the current component qualification 

process as an appropriate flag or information can be captured in the existing regulatory 
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compliance field of the component database. This is a simple action for those 

substances that are subject to legal ban or where a ban is imminent (RoHS Directive) as 

it simply involves the supplier of the component declaring that the substances are not 

present. It was shown in chapter six that this is the preferred type of material declaration 

for suppliers mainly because it is the simplest and involves the least cost. Companies 

such as Nortel Networks are then fully aware of the material regulatory compliance 

status of the components in their equipment and it would just require a declaration from 

the contract manufacturer of the sub-assemblies that the solder was compliant and the 

Nortel Networks product would be known to be compliant. This information can then 

be conveyed to the customer and appropriate regulatory bodies. 

However, customers of Nortel Networks also have their own specific environmental 
information requirements and often request declarations of materials that are not in the 

product as part of the request for quotation process (see Chapter 5). Frequently 

information requests refer to compliance to specific, often "local", regulations and/or 

that certain substances in addition to those that are regulated are not present e. g. 
beryllium. Accurate answering of these requests for information on Nortel Networks 

products cannot be achieved using negative material declarations for components based 

on international regulations (see chapters 5 and 6). One way of generating accurate 

material composition information is to request detailed information from the supply 

chain and collate it. This means asking for more than just a regulatory compliance 
declaration. Details of methods to capture these data are provided in chapter 6 and the 

issues surrounding collation and complex product material profile generation are 

presented in section 7.2 of this chapter. 

The capturing of component material composition information beyond compliance data 

also allows for more detailed and comprehensive eco-evaluation of components and 

products. Evaluation levels 2,3 and 4 seek to use material and environmental 

performance information to contribute to product life cycle management decision- 

making and potential supplier differentiation. 

7.1.2.2 Level 2 Eco-evaluations 

Level 2 eco-evaluations focus on the intrinsic hazardous nature of the materials within a 

component. It extends beyond simple hazardous material regulatory compliance and 

consists of the generation of a Toxicity Potential Score. This is attained by dividing the 
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mass of selected substances in the electronic component, which are considered to be key 

toxicity indicators, with the respective comparative toxicity factor for human and 

ecological toxicity. The result is then multiplied by one hundred to generate a 

percentage (the percentage being the substance percentage of the toxicity factor). The 

individual substance human and ecological toxicity scores are then summed to produce 

a total Toxicity Potential Score for the component: 

and 

TPSsun = 

TP&omP = 1: TPSsun 

Ms 

C ub 1x 
100 +( 

MSU61 
X100 HTFsub ) EFsub )) 

Where TPSComp = Toxicity Potential Score of component (%) 

TPSS� b= Toxicity Potential Score of substance (%) 

MS�b = Mass of substance (kg) 

HTFs� b= Human Toxicity Factor of substance (OHLV (kg per kg body weight 

per day)) 

EFS� b= Ecotoxicity Factor of substance (PNEC (kg per m3)) 

The higher the TPScomp the poorer the hazardous material performance for the 

component (from a respective supplier). The indicator substances are pre-selected and 

agreed before the qualification of each component from different suppliers. A suggested 
list of hazardous material indicator substances, their Oral Human Limit Values and 

aquatic PNEC values is provided in Table 14. This list is adapted from the original 
listing developed for the supplier appraisal and data capture pilot study that was 

conducted as part of the research (detailed in chapter 6). The substances were selected 

on the basis of their known inherent toxicity, relevance to the electronics industry and, 

regulatory and customer significance. Indicator substance selection is, of course, a 

subjective and flexible process. Companies will choose substances that they feel are 

appropriate and which satisfy their requirements. Nortel Networks may wish to add 

some of those substances present on their "restricted" list. 

This method requires a quantitative declaration from the supplier of toxicity indicator 

substances present in the component. 
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The Toxicity Potential Score attempts to evaluate the component according to the 

material constituents in terms of potential hazard to humans and the environment. Thus, 

two factors are used; one to represent potential human toxicity and one to represent 

potential ecotoxicity. 

Table 14. Toxicity Potential Score Indicator Substances 

tt _ä 
.j5 

Antimony 8.60E-10 4.60E-04 
Arsenic 2.14E-09 2.40E-05 
Beryllium 5.00E-10 1.60E-07 
Cadmium 1.00E-09 3.40E-07 
Chromium III 5.00E-09 3.40E-05 
Chromium VI 3.00E-09 8.50E-06 
Cobalt 1.40E-09 2.60E-06 
Copper 1.40E-07 1.10E-06 
Lead 3.60E-09 1.10E-05 
Mercury 7.20E-10 1.30E-07 
Molybdenum 1.00E-08 2.90E-05 
Nickel 5.00E-09 1.80E-06 
Polybrominated Bi hen is No data No data 
Polybrominatd Diphenyl-Ethers No data No data 
Polychlorinated Bi hen is No data No data 
Selenium 5.00E-09 5.30E-06 
Silver No data No data 
Tin 2.00E-06 1.80E-05 
Vinyl chloride 3.51 E-1 1 8.20E-03 
Zinc 9.90E-10 6.60E-06 

7.1.2.2.1 Human Toxicity 

A number of human toxicity factors exist (e. g. Oral Human Limit Value, Inhalatory 

Human Limit Value, Maximum Allowable Concentration) any of those available could 

be used for the eco-evaluation as long as consistency in their application is maintained. 

Factors influencing the factor selection process include availability, quality, breadth and 

applicability of data. In the example evaluations presented in this chapter Oral Human 

Limit Value (OHLV) has been used. The values have been taken from Huijbregts, 1999 

who obtained OHLVs from a variety of published sources (FAO/WHO, 1993,1998, 

1999; JECFA, 1982,1986,1989, various RIVM documents (Annema et al., 1996, Janus 

et al., 1994, Vermeire et al., 1991, Vermeire, 1993, Jansen et al, 1998), the IRIS online 

internet database (USEPA, 1998), the online internet database of the Environmental 

Defense Fund (1999), and Guinee et al., 1996 and others) to generate toxicity potentials 

for 181 substances for use in LCA. OHLVs are also known as Acceptable Daily Intake 

(WHO) and Tolerable Daily Intake (RIVM). ADIs have been used throughout the 
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development of risk assessment and life cycle assessment methodologies. The OHLV is 

the "quantity of a substance which a person can ingest orally for life on a daily basis 

without a significant risk of harmful effects on health. It is considered the maximum 

daily intake" (Heijungs, 1992). 

OHLVs are determined by extrapolation of data from animal studies. These data (e. g. 

No Observable Effect Concentrations or Levels or LC50s) are then divided by one or 

more uncertainty and safety factors. Typical uncertainty factors are (Vermeire et al., 

1991): 

"A factor of 10 for the uncertainty due to extrapolation from laboratory animals to 

man (the interspecies factor); 

"A factor of 10 for the uncertainty due to differences in sensitivity among the 

population (the intra-species factor). 

This results in OHLVs that incorporate potentially different safety margins for various 

substances and subsequently the OHVL provides a somewhat manipulated and 

corrupted representation of the actual toxicity ratios of the substances concerned. 

However, the direct use of LOECs or LC50s would not be representative of human 

toxicity because the experimental data are results from rats, rabbits and monkeys. At 

least the application of uncertainty factors indirectly takes into consideration the fact 

that the human body will react to, and process, substances in a different manner. 

OHLVs can be considered to be a worst-case approach. This can be argued to be 

preferable if, through the application of safety factors, the major part of the human 

population is protected and that certain substances are effectively "punished" because of 

a scarcity of appropriate data (a precautionary approach). 

In LCA, human toxicity potentials have been developed that also take into account 

human exposure to the substance incorporating fate and transport modelling (see 

Huijbregts, 1999 and Guinee et al, 1996). This includes consideration of Predicted Daily 

Intakes of each substance through each exposure route in a modelled environment and 

comparison of the resulting Risk Characterisation Ratio (RCR) to the RCR of a 

reference substance to generate a Toxicity Potential for each receiving medium (1,4-Di- 

Chloro-Benzene equivalents in this case of Huijbregts). The Toxicity Potentials are then 

multiplied with the known released mass of the substance (taken from the life cycle 

inventory). 

145 



Because the ultimate fate of substances contained within an electronic component is 

unknown (they may go to landfill, incineration, re-use or be recycled) inclusion of fate 

and transport factors and specification of receiving media within the eco-evaluation 

methodology is considered inappropriate. The main objective of the toxicity evaluation 

is to combine the mass of the substances present with an indicator of the intrinsic hazard 

potential of that substance. OHLV is considered a suitable indicator and expressing the 

substance mass as a percentage of the respective OHLV and aggregating for the 

component provides a Hazardous Material Score. 

Alternatively workplace health and safety toxicity factors could be used. Middendorf et 

al. (2000) have used workplace Maximum Allowable Concentrations to derive Toxic 

Potential Indicators for use in an electronics product evaluation tool. One of the reasons 
for using MACs is that the values can be found on material safety data sheets typically 

in the form of time weighted averages (average concentration to which a worker is 

exposed throughout a "normal" work shift, typically eight hours) or short-term exposure 
limits (concentration measured over five-fifteen minutes). 

Table 15 presents the comparative hazardous material content declarations for 

components with identical functionality from three suppliers and the resulting Human 

Toxicity and Ecotoxicity Potential Scores for each. The total Toxicity Potential Scores 

for each component are provided in Table 16. The significance of these scores is 

discussed in section 7.1.2.3. 

The component type is a semi conductor Plastic Leaded Chip Carrier (PLCC) that is a 
typical integrated circuit package commonly used in the electronics industry (see Figure 

28). PLCC 44 refers to the type of packaging the component has and the number of 
leads. It is important to note that not all PLCC 44s have the same functionality. 

Different devices, with possibly heavier lead-frames or smaller dies can be placed in the 

same package (i. e. PLCC 44). Therefore comparative material evaluations can only be 

made between packages with the same circuit functionality. 

An integrated circuit consists of a die of a semi-conducting material, usually silicon, 

which is encapsulated in a package that can be plastic or ceramic. Metallic leads extend 
through the package to provide electrical connections to the die (TemaNord, 1995). The 

majority of packages on the market are now plastic. 
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Table 16. Total Component Toxicity Potential Scores 

Component Toxicity Potential Score (%) 6377761.6681 4162144.543 3529369 

The plastic encapsulant generally consists of the following (TemaNord, 1995) although 

composition does vary between manufacturers (the principle behind potential supplier 

differentiation being explored in this thesis): 

" Inert filler (usually silica glass); 

" Epoxy resin 

" Flame retardant (typically tetrabromobisphenol-A and antimony oxide incorporated 

through reaction into the chemical structure of the epoxy). 

" Curing agent (amine hardener); 

" Accelerator (e. g. boron trifluoride) 

" Colourant (carbon black) 

" Release agent (e. g. synthetic ester wax) 

Figure 28. Example PLCC 44 

The silicon chip, or die, is doped with either boron, phosphor, arsenic or antimony to 

improve electrical conductance. 

The lead frame consists of copper or a nickel-iron alloy, coated with silver or silver- 

palladium where the gold wires are attached. 

The gold wires connecting the chip to the lead-frame may be alloyed with copper or silicon. 
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7.1.2.2.2 Ecotoxicity 

The ecotoxicity factor used in the component ecoevaluation methodology is the aquatic 

Predicted No Effect Concentration (PNEC). Aquatic PNECs for each toxicity indicator 

substance are provided in Table 14. The values are taken from Huijbregts, (1999) who 

sourced them from an internal research report (Huijbregts, 1999b) and Riza, (1999). The 

aquatic PNEC is considered to be an appropriate indicator of comparative potential harm to 

ecosystems although it does suffer from certain limitations that are discussed in section 

7.1.2.2.3. It is the approved method of deriving a protection level in environmental risk 

assessment (EC, 1996) along with terrestrial and sedimentary PNECs. Experimental 

ecotoxicological data on the effects of chemicals on aquatic systems are also far more 

abundant than that for terrestrial and sedimentary systems. 

Aquatic PNECS are generated from the results of mono-species laboratory tests or possibly, 

in some cases, from model ecosystem tests. Available ecotoxicity data are used to derive a 

No Observed Effect Concentration. The test species used are selected to represent the 

sensitivities of different taxonomic groups. Representatives of fish species, daphnia and 

algae are classically used. The principle behind this procedure is that "an assumption is 

made that ecosystem sensitivity depends on the most sensitive species and protecting 

ecosystem structure protects community function" (Fairman et al, 1998). 

Each NOEC is then divided by a safety factor to enable extrapolation from laboratory to 

field, acute to chronic effects and for inter and intra-species variation. The size of the safety 

factor varies according to the number and type of data available. Table 17 provides the 

aquatic risk assessment safety factors proposed in the EC Technical Guidance Document 

(EC, 1996). Ideally, the PNEC should be calculated from chronic toxicity tests relating to 

survival, growth and reproduction but such data are rarely available. In theory as more data 

become available the value of the PNEC should gradually decrease. 
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Table 17. Safety factors for generating PNECS 

At least one short-term L(E)C50 from each of three trophic levels of the base-set (fish, 
daphnia and algae) 

1000 

One long-term NOEC (either fish or daphnia) 100 

Two long-term NOECs from species representing teo trophic levels (fish and/or 
dahphnia and/or algae) 

50 

Long-term NOECs from at least three species (normally fish, daphnia and algae) 
representing three trophic levels 

10 

Field data or model ecosystems Reviewed on a case by 
case basis 

7.1.2.2.3 Toxicity Potential Score Discussion 

Figure 29 shows the difference in component Toxicity Potential Score between the three 

selected suppliers. It is clearly evident that human toxicity dominates each score. This 

means that the masses of one or more of the "hazardous" materials within each component 

exceed(s) the OHLV(s) with greater orders of magnitude than they exceed the PNEC(s). 

The masses of many substances may also be lower than the OHLV or the PNEC. If an 

alternative human toxicity factor were used in the calculation such as Inhalatory Human 

Limit Value a different result would be obtained because substances exert different effects 

according to the exposure route. This is also true for ecotoxicity. The use of terrestrial or 

sedimentary PNECs would result in different comparative toxicities between substances. 

This exemplifies the problems associated with the selection and application of factors in 

any form of impact assessment. The main principle is to select factors for sound reasons 

and maintain consistency in their application. It is acknowledged that in isolation the 

Toxicity Potential Score is meaningless. It has to be used in a comparative context. 

Figure 29 shows clearly that the PLCC 44 component provided by supplier 3 has the least 

potential toxicity and that human toxicity potential dominates the overall toxicity score. 

The data provided in Table 15 and Figures 30 and 31 show that the substances dominating 

the Human Toxicity Potential Scores and the Ecotoxicity Potential Scores are antimony and 

copper respectively. Antimony constitutes between 87 and 92 percent of the Human 

Toxicity Potential Score (depending on the supplier) and between 4 and 9 percent of the 

mass of hazardous substances present in the component. 
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Copper constitutes 99 percent of the Ecotoxicity Potential Score for all suppliers and 

between 84 and 95 percent of the mass of hazardous substances present in the component. 

From these results, in theory, the removal or substitution of antimony and copper from the 

component would result in a dramatic improvement in toxicity score. 
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Figure 29. PLCC 44 Component Toxicity Potential Scores 
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There are several issues associated with the calculation and use of the Toxicity Potential 

Score. Both the Human Toxicity Score and the Ecotoxicity Score rely on individual factors. 

Thus the use of OHLVs does not take into consideration varying toxic effects that may be 

caused through human inhalation or exposure through the skin. Aquatic PNECs do not 

consider toxic effects through other media such as soil and air. 

The selection of which factors to use and the respective indicator substances is influenced 

by the availability of data. OHLV and PNEC data were available on the majority of the 

substances selected as indicators of potential human toxicity and ecotoxicity but not all. 
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No account has been taken of exposure mechanisms that greatly influence both the human 

toxicity and ecotoxicity potential of a substance. The toxicity potential is indicative of the 

inherent hazard of the substance and thus provides an indication of the potential for the 
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substance to be harmful to humans or the environment at end-of-life and particularly if 

disposed of to landfill. Because the end-of-life scenario for the electronic equipment and 

thus electronic components is unknown it is difficult and wholly inaccurate to incorporate 

receiving media and fate and transport modelling into the toxicity evaluation. It is 

acknowledged, however, that exposure mechanisms will have a significant impact on the 

availability of the substance to cause harm. Processes occurring in the environment such as 

bio-degradation and inter-media transport and particularly the interaction of substances 

with one another all alter and affect the toxicity of the substance. Some substances may 

become less toxic in combination with others or under certain environmental conditions, 

others may become more toxic and a synergistic effect may be exerted. 

Finally, each substance is considered as a separate entity in the evaluation of its toxicity. 

No account is taken of the nature of the bound mechanical or chemical structure in which 

the substance exists and that will also have an impact on the resulting availability of the 

substance to cause harm. Each substance, as a toxicity indicator, is considered to be 

representative of compounds of each respective substance. 
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Level 2 eco-evaluations could be conducted at the component qualification stage 

immediately on receipt of the material declaration. The Toxicity Potential Score could form 

part of the technology assessment and be entered into the component database along with a 

level 1 compliance statement. The toxicity performance of the component could then be 

integrated into the decision-making process for supplier approval and selection for 

production. 

Certain substances could also be penalised further through the application of weighting 

factors to the toxicity scores to take into consideration the imminent restriction of the use of 

certain substances by regulation and the inhibiting nature of certain substances in the 

smelting/recycling process. 

7.1.2.3 Level 3 Eco-evaluations 

A level 3 eco-evaluation consists of levels 1 and 2 and also the inclusion of a Resource 

Depletion Score for each component provided by each supplier. 

The Resource Depletion Score is calculated according to the following equations: 

RDScomp =Z RDSsub 

and 

RDSsub =1 RBsub X (Msub - RMPsub) 
RBsub X 

APsub 

Where: 

RDScomp = Resource Depletion Score of component 

RDSS� b= Resource Depletion Score of substance 

RBs� b= Reserve Base of substance 

APsub = Annual Production of substance 

Msub = Mass of substance 

RMPs� b= Recycling Mass Potential of substance 
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The objective is to generate a quantitative indicator of the performance of the component in 

terms of the depletion of abiotic resources and potential recyclability. The resource 
depletion factor was published by Heijungs et al (1992). The RDS of the component is 

calculated by subtracting any potential mass of the substance that could be recycled 

economically from the mass of the substance present in the component and multiplying the 

result by the inverse of the current or selected reserve base multiplied by the number of 

years left of the reserve base at current production rates for the respective substance. The 

RDS of the each substance is then aggregated to provide an overall score for the 

component. The units are y"'. The lower the score the superior the performance. 

Research undertaken and discussions with experts in the field of electronics recycling has 

revealed that currently only a limited number of metals within electronic components 

provide a positive value on granulation and smelting of the populated printed circuit boards 

at product end-of-life. The metals deemed to be economically recyclable in the derivation 

of the RDS are gold, silver, copper, platinum and palladium. These are the metals that 

copper smelting companies such as Noranda, Demet Deutsche Edelmetall and Union 

Miniere typically pay a return on. Recycling yield returns have also been incorporated into 

the calculation based on information provided by Noranda. It is not always economically 

viable to attempt to extract one hundred percent of the precious metal present in a quantity 

of material for smelt. Typical economic yields range between 85 and 97 percent depending 

on the metal. 

"Some recyclers will strip the visible precious metals using cyanide solution, then 

incinerate the remainder into an ash which they then melt into an ingot form. The "waste" 

slag from melting contains some metals. The slag sometimes can be processed at a smelter 
for further recovery. The ingot may be smelted or sent directly to a precious metal refinery, 
depending on the content. Circuit boards that are smelted directly are generally low grade 

or regular grade, where the costs of stripping, incinerating, melting etc. are not justified" 

(Bouma, 2000). 

As for toxicity indicators a number of substances have been selected as indicators of 

resource depletion. The substances and their respective reserve bases are provided in Table 

18. Only metals have been selected as data are readily available, allocation for organic 
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substances would be particularly complex and some materials such as silica are considered 

to have virtually infinite reserves. Reserve base data have been sourced from the United 

States Geological Survey Mineral Commodity Summaries 2000. Reserve Base is defined 

as: 

"That part of an identified resource that meets specific minimum physical and 

chemical criteria related to current mining and production practices, including those 

for grade, quality, thickness and depth. The reserve base is the in-place demonstrated 

(measured plus indicated) resource from which reserves are estimated. It may 

encompass those parts of the resources that have a reasonable potential for becoming 

economically available within planning horizons beyond those that assume proven 

technology and current economics. The reserve base includes those resources that are 

currently economic (reserves), marginally economic (marginal reserves), and some of 

those that are currently sub economic (sub economic resources)"(U. S. Geological 

Survey, 1980). 

It is acknowledged that a number of definitions exist regarding mineral resource availability 

but the classification developed by the U. S. Geological Survey is recognised as the standard 

and by using reserve base data the majority of resource sub-categories have been included. 

There are, of course, undiscovered resources, the existence of which are only postulated 

and cannot be included in the calculation. 

Figure 32 shows the comparative Resource Depletion Scores for the three suppliers of the 

PLCC 44 component incorporating recycling yields of copper, gold, silver, Platinum and 

Palladium of 95,96.5,95,86 and 86 percent respectively. 

Table 18. Resource Depletion Indicator Substances and Reserve Base 

Aluminium 3.4E+13 
Antimony 3200000000 
Arsenic 1245000000 
Cadmium 1200000000 
Chromium 7.5E+12 
Copper 6.5E+11 
Gold 77000000 
Lead 1.43E+11 
Magnesium 3.4E+12 
Mercury 240000000 
Molybdenum 12000000000 
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Nickel 1.4E+11 
Palladium 39000000 
Platinum 39000000 
Silver 420000000 
Tin 12000000000 
Zinc 4.3E+11 

The units of the Resource Depletion Scores are inverse years and it is clearly seen that 

Supplier 3 has the superior performance of the three. The greatest substance contributor to 

the component Resource Depletion Score for each supplier when recycling of the five key 

metals takes place is antimony (the masses of silver and antimony are much greater in the 

component material profiles from supplier 1 compared to suppliers 2 and 3). However, if 

the five key metals are not recycled the Resource Depletion profile is very different with 

gold and silver dominating the component Resource Depletion Score along with Antimony 

(see Figure 33). Incorporating both the size of the reserve base and the current production 

(inferred use) rate in the index addresses some of the limitations of other indices as 

discussed in the next section. 

7.1.2.3.1 Resource Depletion Factors 

One of the first indicators of contribution to resource depletion for use in life cycle 

assessment was the ratio of substance emitted or discharged to the reserve base (Heijungs et 

al, 1992): 

RD = 
M, ub 

RB, ub 

Where: 

RD = Resource Depletion 

MS�b = Mass of substance 

RbS� b= Reserve Base of substance 

This index generates a ratio or a percentage. However, this ratio does not consider the rate 

at which the resource is being depleted. Two similar sized reserve bases could be being 

used at very different rates and one would therefore be depleted considerably more quickly 

than the other. An alternative indicator is the "remaining years of use". The reserve base is 

divided by the total worldwide production (inferring consumption or use): 
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RD = 
RB 

x Msub 

Where: 

RD = Resource Depletion 

RB = Reserve Base 

AP = Annual Production 

Msuh = Mass of substance 

AP 

Supplier 1 Supplier 2 

Supplier 

Supplier 3 

Figure 32. Resource Depletion Scores 
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It represents the number of years for which current reserves will suffice at the present 

production (consumption) level. However, this indicator does not correctly account for the 

size of the reserve base. Two resources with the same remaining number of years will have 

the same indices irrespective of the size of the reserve base (e. g. 1 kg as opposed to 

1000000 kg). 
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Although incorporating both reserve base size and rate of use into the index addresses the 

problems associated with their individual application, the use of two parameters doubles the 

uncertainty factor as the data requirement is doubled. Uncertainties exist in the generation 

of accurate reserve base estimates and also annual production and consumption rates. 

For the purposes of level 3 and 4 eco-evaluations any of the above equations could be used 

but the first is considered the most accurate and provides the most comprehensive results if 

the data are available. 
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Figure 33. Resource Depletion Scores Without Recycling 

7.1.2.3.2 Component Re-use 

The first end-of-life option for consideration in a product life cycle management 

programme for any electronic equipment is re-use of the product in its existing form. If 

product re-use is not possible the next level of the hierarchy is component re-use. The final 

option is shredding and smelting of the populated circuit board with recovery of metals of 

value such as copper, gold, silver, platinum and palladium. The resource depletion potential 

calculations used in level 3 and 4 eco-evaluations assume shredding and smelting as a 

worse case scenario. 
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Component re-use is becoming more of a viable option as markets begin to develop 

globally despite slow growth in the United Kingdom as "people perceive them as being 

second-hand components" (McLean cited in Electronics Weekly, 2000). Strong markets are 

developing in Asia and the United States. Newhouse Electronics is one of several asset 

recovery or recycling companies in the UK (others include Bruce Metals, Mann 

Organisation and Precious Metal Industries) that are experiencing growth in the re-used 

components business. 

"All marketable components, mostly ICs, are removed from the PCBs. Custom or obsolete 

components are also popular. The boards are then crushed and refined to remove gold, 

copper and other precious metals. Plastic components are also recycled" (Electronics 

Weekly, 2000). 

The recovered components are then re-tinned and packaged and either returned to the 

original customer or sold on available markets with a percentage of the re-sale value being 

returned to the customer. The majority of the components currently being recovered are 
from rejected PCBs from production facilities and therefore have not been used. Many from 

Newhouse Electronics are not even tested and they report a failure rate of less than one 

percent mainly due to a highly refined removal process (Electronics Weekly, 2000). 

The re-use potential of components varies greatly. Those that are re-used are almost 

exclusively integrated circuits and are generally memory (DRAM, SRAM, EPROM) or 

processor components. Those components with multiple leads and connections 
(e. g. PLCCs) are particularly difficult to remove intact from the printed circuit board. The 

value of components varies greatly as market demand and price fluctuates widely but the 

range is from a few cents per item to thirty or forty dollars per item (Wolle, 2001). The 

value will be mainly influenced by the age of the component, rarity (some older less 

available components attract a premium) and technology (analogue components apparently 
date less quickly than digital (Farrell, 2001)). 

Research was carried out to determine the feasibility of generating predictive re-sell values 
for components that could be entered into component databases and used to create a re-sell 

profile for the final product. Discussions with recycling companies (Noranda, Demet 

Deutsche Edelmetall and Union Miniere - personal communication) though have suggested 
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that such an activity is not feasible because of the fluctuation in price. It is possible to 

predict, admittedly with some uncertainty, which component types will be likely to be of 

value at the predicted end-of-life of the electronic equipment. This information could be 

entered in the component database and those components potentially available for re-use 

can be withdrawn from the product resource depletion or recyclability calculation. 

In terms of volume throughput and concentration of "valuable" components on PCBs, 

information technology equipment such as PCs and laptops are preferable for end-of-life 

processing. Telecommunications equipment varies much more dramatically in terms of 

component and material content and volume than information technology equipment. 
Components of re-sale value are generally scarcer and smaller in volume. 

The situation is similar for potential revenue generation from PCB shredding and smelting 

of precious metals in that there is a wide differential in material content between PCBs with 
different functionality. Typically PCBs from mobile phones are richer in precious metals 

than those used in most other applications and hence yield greater value per tonne when 

shredded and smelted. 

7.1.2.3.3 Combining Resource Depletion and Toxicity 

Level 3 eco-evaluations integrate toxicity and resource depletion considerations. This is 

achieved through the application of Multi-Criteria Analysis (MCA) techniques including 

Multi-Criteria Decision Analysis (MCDA). The use of such techniques result in 

information that can be used in comparative option selection scenarios. 

7.1.2.3.3.1 MCA 

"MCA establishes preferences between options by reference to an explicit set of objectives 

that the decision making body has identified, and for which it has established measurable 

criteria to assess the extent to which the objectives have been achieved" (Department of 
Environment, Transport and the Regions, 2001). 

"MCDA is both an approach and a set of techniques, with the goal of providing an overall 

ordering of options, form the most preferred to the least preferred option. The options may 
differ in the extent to which they achieve several objectives, and no one option will be 

obviously best in achieving all objectives. In addition, some conflict or trade-off is usually 
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evident among the objectives" (Department of Environment, Transport and the Regions, 

2001). 

The objective of MCA in the context of the component eco-evaluation methodology is to 

provide a rational framework in a process to decide which supplier of an electronic 

component provides the component of preferred environmental choice. There is no question 

that elements of subjectivity enter into the MCDA process. However according to the 

DETR (2001), MCDA (as a form of MCA) does have a number of advantages over 

informal judgement unsupported by analysis: 

" It is open and explicit; 

" The choice of objectives and criteria that any decision making group may make are 

open to analysis and to change if they are felt to be inappropriate; 

" Scores and weights, when used, are also explicit and are developed according to 

established techniques; 

" It can provide an important means of communication, within the decision-making body 

and sometimes, later, between that body and the wider community; scores and weights 

are used, it provides an audit trail. 

Two MCA approaches (dominance and the MCDA linear additive model) are proposed for 

integration into level 3 eco-evaluations and they have been selected on the basis of ease-of- 

use, appropriateness to the context of the decision-making process and the data available. 

A standard feature of any MCA approach is the performance matrix or consequence table. 

Each row in the table describes one of the options that are being considered in the decision 

process. Each column represents a specific criterion that has been selected and that is 

considered important in the comparison of different options. The entries into each cell of 

the matrix are representations (numeric or bullet point scores) of the performance of each 

option with respect to each criterion. Table 19 shows the performance matrix for a level 3 

eco-evaluation of the example PLCC 44 (no additional weighting has been applied in the 

Toxicity Potential Scores for substances earmarked for regulatory restriction or substances 

deleterious to the smelting process). 
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Table 19. Component Toxicity and Resource Depletion 
Potential Scores for Example PLCC44 

Supplier 1 6377761.668 7.8951E-16 
Supplier 2 4162144.543 4.6917E-16 
Supplier 3 3529369.019 4.0276E-16 

Both the use of the dominance and the MCDA approach in MCA requires that "preferences 

associated with the consequences of the options are independent of each other from one 

criterion to the next" (DETR, 2001). This simply means that if preference scores can be 

assigned for the options on one criterion without knowing what the options' preference 

scores are on any of the other criteria the preferences are mutually independent. Thus, 

Toxicity Potential and Resource Depletion Potential are considered mutually preference 

independent. 

For simple performance matrices it is possible for the decision-maker to interpret the data 

provided and come to a conclusion on the relative ranking of the options available without 

further analysis. Alternatively the decision-maker can check for the presence of dominance. 

"Dominance occurs when one option performs as least as well as another on all criteria and 

strictly better than the other on at least one criterion. In principle, one option might 

dominate all others, but in practice this is unlikely" (DETR, 2001). Domination on all 

criteria is more likely to occur when a small number of criteria are being used in the 

assessment. In the PLCC 44 example Supplier 3 dominates both 1 and 2 as it has both a 

superior Toxicity Potential Score and a superior Resource Depletion Score. In terms of eco- 

evaluation Supplier 3 is the preferred option and this information can be added to the 

component qualification process to be considered in the approval process along with the 

other component qualification criteria described in section 7.1.1.2. 

However, if dominance does not exist, a different approach is required such as MCDA. 

MCDA also requires the generation of a performance matrix and then scales are 

constructed to represent the preferences for each criterion, the scales are weighted for their 

relative importance and then weighted averages are calculated across the preference scales. 
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For the construction of scales it is conventional to allocate a value score for each criterion 

between 0 and 100 on an interval scale. This can be conducted on a global or local scale. A 

local scale involves the allocation of scores of 0 and 100 for the performance levels for 

each criteria of the least and most preferred option respectively. A global scale involves the 

allocation of scores of 0 and 100 to performance scores that are beyond the existing range 

of performance scores. They represent the worst and best possible levels of performance 

that could be reasonable encountered in the given scenario. Once the extremes of the scale 

have been identified the preference scores for each option are converted to values scores on 

the 0 to 100 scale. It may be necessary to use the inverse performance scores of criteria to 

ensure that high preference is indicated by a high value score (this is the case for both 

Toxicity Potential and Resource Depletion). Also in this case the value functions are 

assumed to be linear i. e. a doubling in toxicity score represents a perceived doubling in 

toxicity potential. 

Because of the small number of criteria being used in the eco-evaluation methodology it 

was decided to use global scaling and to calculate high and low limits as ten percent of the 

range of the scores of each option for each criterion. End points were constructed to ensure 

zeros were not generated. The percentage range of the score is arbitrary. The performance 

scores and the corresponding value scores for the PLCC 44 are provided in Table 20. 

Table 20. Value Scores 

End Point 1 6662600.868 0.00 0.00000000000000079338 0.00 
Supplier 1 6377761.668 8.33 0.00000000000000078951 0.98 
Supplier 2 4162144.543 73.15 0.00000000000000046917 82.19 
Supplier 3 3529369.019 91.67 0.00000000000000040276 99.02 
End Point 2 3244530.019 100.00 0.00000000000000039889 100.00 

The next stage involves the generation of appropriate weighting scores for each criteria and 

multiplying them with each option value score and summing the results to form a weighted 

average for each option. The derivation of weights is highly subjective. Two key factors are 

generally considered: 

" The range of difference of the options; and 

0 The significance of the difference. 
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The calculation of weights is typically achieved in MCDA by using the swing weighting 

method and the nominal group technique. The swing-weighting method is based on 

"comparison of differences: how does the swing from 0 to 100 on one preference scale 

compare to the 0 to 100 swing on another scale" (DETR, 2001). The nominal group 

technique involves a selected group of individuals comparing the swing of one criterion 

with the swing of the others based upon the individuals' judgement. The final weights are 

determined through discussion amongst the group. For eco-valuations the agreed weights 

will vary from group to group and company to company. 

A weight of 0.6 was allocated to Toxicity Potential and 0.4 to Resource Depletion Potential 

in the development of level 3 eco-evaluations in the present research project. These weights 

reflect the ranges (very similar) and the fact that toxicity is considered significantly more 

important within the telecommunications industry than resource depletion at this point in 

time. 

The weighted average scores for the PLCC 44 are provided in Table 21. 

Table 21. Weighted Averages for PLCC 44 Example 

Supplier 1 4.9999993432 0.3921568627 5.3921562059 
Supplier 2 43.8924136239 32.8740002788 76.7664139027 
Supplier 3 55.0000041676 39.6078431373 94.6078473048 

Because Supplier 3 is dominant is this scenario it clearly emerges with a higher weighted 

average score than supplier 1 or 2 using two criteria. 

7.1.2.3.4 Level 3 Eco-evaluation Summary 

Level 3 eco-evaluations incorporate the consideration of resource depletion into the 

selection process for suppliers of components. The objective is to provide a decision 

framework for supplier selection and also to provide information for product end-of-life 

decision-making. The formation of a performance matrix allows dominance to be checked 

first. If one option out-performs all the others on both criteria it is clearly the preferred 

option. If dominance does not exist then the MCDA linear additive model is applied. The 

result is the identification of a preferred option. This eco-performance information could be 

integrated into the commodity introduction process and/or the component sourcing process 
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during manufacture. It is also possible to input the weighted average score for a given 

component from a specific supplier into the component database for comparison with 

another supplier at a later date as long as the weighting is consistent. 

In addition to a component level 3 eco-evaluation score being added to the component 

database information such as percentage of recyclable materials (five metals specified 

above or others as identified) and perhaps potential gross value could also be added. This 

information could be collated and used to generate recyclability profiles on Nortel 

Networks products. In the PLCC 44 example scenario the components from suppliers 1,2 

and 3 have calculated recyclability values (predicted yield percentages) of 20.45,30.03 and 

23.44 respectively. 

It is acknowledged that the weighted average score is particularly sensitive to changes in 

the weights used. Issues of uncertainty concerning the methodologies are discussed in 7.1.3. 

7.1.2.4 Level 4 Eco-evaluations 

Level 4 eco-evaluations consist of the parameters included in levels 1 to 3 and also consider 

the suppliers' commitment to product environmental improvement and information 

provision through the use of section B SEAP scores (see Chapter 6). 

7.1.2.4.1 Methodology 

The methodology enables the evaluation to be broader in scope and to include 

consideration of such issues as commitment to ecodesign and the provision of hazardous 

material and LCA data. The questions developed to evaluate product environmental 

performance in SEAP are provided in Table 22. The respective SEAP section B scores for 

each supplier are provided in Table 23 expressed as percentages of the total possible score. 

Table 22. 
SEAP Product Environmental Performance Questions and Maximum Scores 

L, r 
ý$Jly 

y 
. 

1 Section 1 Ecolabelling and Product Takeback Yes No 
1.1 Is the product marked with any voluntary eco-labelling (if applicable)? 5 0 

1.2 
Does the company have a product takeback programme in place or is 
one being developed (please specify in comments section). 5 0 

2 Section 2 Manufacturing 

2.1 Do the activities of your company require regulatory licensing? 0 5 
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Are hazardous materials as listed in Form Al (tab below) used in the 
2.2 manufacturing of your products? -20 20 

Are you attempting to limit the use of the materials listed in Form Al in 
2.3 he manufacturing of your products? If you answered no to 2.2 above 20 0 

. ust answer no to this question. 
3 Section 3 Use 

3 1 During the use of the product are any of the materials listed in Form Al 
-20 20 

. emitted? 
4 Section 4 Eco-Design 

Have any of the following eco-design strategies been used in the 
4.1 design process of the product? 

Hazardous material avoidance (see section 5.2) in component 5 0 
structure, coatings. 
Re-usability 5 0 
Marking of plastics 5 0 
Recycled material content 5 0 
Recyclability 5 0 
Thermal convection reduction 5 0 
Disassembly 5 0 
Packaging minimisation 5 0 
Transportation packaging re-use (take-back) 5 0 
Transportation packaging recycled material content 5 0 

voidance of coatings and bleaches in transportation packaging 5 0 
Does the company have or intend to have a formalised eco-design 

4.2 programme that is part of the product development process? 50 0 

5 Section 5 Product Environmental Information 

he answers to the following questions will provide Nortel Networks 
with an indication of the supplier's ability to provide detailed product 

nvironmental performance data. If the supplier answers yes to any of 
he questions, they are requested to use Form Al for the provision of 
product material composition data, the indication of the use and 
phasing out of hazardous materials in the manufacturing process and 

missions during use. LCA data should be provided in electronic format 
if available. 

an the supplier provide a list of material contents by percentage 
5.1 eight of the total product? (Please complete component materials 70 0 

Jeclaration in Form Al) 
If 5.1 is not possible, is the supplier prepared to sign a declaration of 
azardous materials content in the product? Hazardous materials are 

5.2 presently considered by Nortel Networks to be those on the list in Form 30 0 
1. (Please complete the hazardous material declaration in Form Al for 

each component) 

an the supplier provide Life Cycle Inventory data on any of the 
5.3 products supplied to Nortel Networks? (Specify the products and 20 0 

provide the data in electronic format if available: ) 

an the supplier provide guiding information on end-of-life 
5.4 management for the supplied products? 10 0 
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Table 23. PLCC 44 Supplier SEAP B Scores 

'... :. G. 

Sup plier 1 74.14 
Sup plier 2 75.86 
Sup plier 3 34.48 

It is clearly seen that Supplier 3 scores particularly poorly with Suppliers 1 and 2 being 

similar. 

When SEAP B scores are also considered in the eco-evaluation the allocated weightings 

have to be re-calculated. Again a combined total weighting of one unit is used. The 

proposed calculated weights for level 4 eco-evaluations are provided in Table 24 and the 

weighted averages for the PLCC 44 suppliers in Table 25. In the calculation of the weights 

both Toxicity Potential and the SEAP B Score were considered to be equally important and 

Resource Depletion half as important. The weights reflect the supply chain issues that are 

considered to have the greatest impact on the product life cycle management performance 

of telecommunications products. Toxicity is a core issue in terms of Nortel Networks 

customer concern and also legislation. The SEAP B score provides an indication of the 

commitment of the supplier to the development of products with improved environmental 

performance through the application of ecodesign considerations and a willingness to 

communicate appropriate product environmental information. 

Table 24. Weighting factors 

Toxicity Potential Score 0.4 
Resource Depletion Score 0.2 
SEAP B Score 0.4 

Table 25. Level 4 Eco-Evaluation PLCC 44 Total Weighted Average Scores 

Supplier 1 3.333332896 0.196078431 36.663866 40.193277 

. 
Supplier 2 29.26160908 16.43700014 38.109244 83.807853 
Su lier 3 36.66666945 19.80392157 3.3361345 59.806725 
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The Level 4 eco-evaluation for the example PLCC 44s results in Supplier 2 emerging as the 

preferred option. The evaluation is heavily influenced by the poor performance of Supplier 

3 on the SEAP B assessment. 

7.1.2.4.1 Level 4 Eco-evaluation Summary 

The principles of Level 4 Eco-evaluations are identical to Level 3. Dominance is 

considered first and then MCDA is used to generate a preferred option. The weighted 

average scores could be integrated into the commodity introduction process and/or the 

component sourcing process during manufacture and could also be added to the component 

database independently as long as reference is made to the eco-evaluation methodology 

applied. The SEAP B score could be replaced by any form of quantitative supplier 

assessment process. 

7.1.3 Eco-evaluation of Electronics Components Discussion 

The hypothesis central to the development of an electronics component eco-evaluation 

methodology is that differentiation between suppliers can be achieved through product 

environmental performance. The findings from the research presented in Chapter 6 suggest 

that the hypothesis is true. There exists a wide variation in the environmental performance 

of component suppliers of the telecommunications industry and it is suggested that methods 

of supplier environmental assessment developed by different telecommunications 

companies would also prove this to be the case. In addition it is suggested that the use of 

generic component material composition data in ecodesign is inaccurate and fraught with 

uncertainty (see Document C2.4). 

Methods to assess suppliers' environmental performance across the telecommunications 

industry are typically in the form of a scored questionnaire similar to the SEAP 

questionnaire. The assessing company will have several reasons for conducting the 

assessment but the underlying aim tends to be qualification to a minimum requirement or 

standard rather than the use of the results for any positive discrimination between suppliers 

in the selection process. An alternative approach is to reward suppliers with demonstrated 

superior performance and to integrate it into the supplier selection process. 
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The eco-evaluation methodology detailed in this chapter attempts to go beyond the standard 

supplier assessment approach and focus on product life cycle management issues. 

The eco-evaluation hierarchy from Levels 1 to 4 provides a tiered approach to 

implementation that reflects the type and quantity of data available and the objectives of the 

implementers. Data availability is fundamental to any eco-evaluation level. 

Level 1 requires relatively little data to ensure regulatory compliance. Level 2 requires a 

declaration of hazardous material content. Levels 3 and 4 require a comprehensive product 

material declaration. Level 1 declarations are relatively simple to provide and negative 

declarations are, therefore, currently the preferred option for suppliers. Capturing 

comprehensive product material content data from component suppliers is currently 

extremely difficult. Few suppliers have systems in place to provide this type of data. Only 

two suppliers included in the SEAP pilot study (detailed in Chapter 6) were proactively 

investigating methods and systems to provide customers with detailed material data. Many 

component suppliers and telecommunications product manufacturers question the need to 

provide these type of data because of the resources required and scepticism concerning the 

value of doing so. No regulations are currently in place to require the provision of product 

material data although this may change with the introduction of the WEEE and EEE 

Directives. 

Ultimately, it is argued, making informed decisions regarding component selection in 

ecodesign and product life cycle management, and the generation of detailed and accurate 

product material profiles or product environmental profiles for telecommunications 

products requires comprehensive material data from the supply chain. The step taken by 

EICTA to develop an industry standard approach for supplier product material declarations 

is recognition of the significance of the issue. It remains to be seen how effective and 

successful such a programme will be. 

Another issue to recognise as a potential problem is the quality of data provided. It is 

imperative that suppliers also provide details of a transparent methodology that has been 

used to generate the material data content including any error and uncertainty 

considerations. Ideally, with the introduction of a standard format for component material 
declarations a standard methodology for data generation should also be introduced. 
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Large errors and significant uncertainty within the data could completely negate the 

possibility of a meaningful and useable answer emerging from the eco-evaluation. Because 

the quantities of materials are very small and the dimensions of the components varies from 

two millimetres to several centimetres there is potential for errors in the data to be greater 

than the difference in material mass declarations for each material between suppliers. An 

accurate and standard methodology for measuring materials is, therefore, prerequisite. An 

examination of suitable measurement methods and a proposal for a data validation method 

were conducted as an MSc research project under supervision of the RE (details are 

provided in Chapter 6). 

LCA research on electronics products has concluded that the dominant life cycle phase for 

environmental impacts is the use phase (Francis, 1999). The cause of the impacts being the 

energy consumed by the product. In terms of resource allocation and prioritising areas for 

improvement it is prudent to focus on reducing energy consumption as an initial step. Some 

environmental specialists may question the value of allocating resources in the pursuit of 

material data if the benefits are not significant in terms of improving product environmental 

performance. The quickest and greatest overall improvements in environmental 

performance may well be achieved by reducing energy consumption in the use phase but a 

comprehensive approach to product life cycle management and a commitment to the 

development of more benign products and services, dematerialisation and even 

sustainability, requires improved materials and product management. Increasing regulation 

and customer concern regarding hazardous materials also means that materials are a priority 

issue. In addition, the imminent requirement to recover, re-use and recycle electronics 

products requires sound materials knowledge and management to optimise economic value. 

Level 4 eco-evaluations use three criteria to assess components from suppliers. These 

criteria were selected because of their generally recognised importance in terms of 

environmental impact in the electronics industry. It is acknowledged that other criteria 

pertaining to other environmental impacts such as energy consumption and materials used 

during the manufacture of electronic components could also have been used. However, the 

inclusion of such criteria in any eco-evaluation would require the capture of even more 

detailed data necessitating a mass balance or life cycle inventory approach. Form Al (the 

product data capture element of SEAP (see Chapter 6)) has fields for the provision of 
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information on hazardous materials used during manufacture. Rather than being used as an 

integral component of the assessment it is envisaged that this information could be used to 

track eco-technology initiatives such as process material substitution or phase out. 

The capturing of component material composition data allied with information on a 

supplier's environmental programmes allows an appraisal to be made. More detailed data 

would aid the decision-making process or at least make it more informed but capturing such 

data would be even more difficult and resource intensive (see Document C2.4). Basing 

decisions upon the criteria used in Level 4 eco-evaluations is considered a logical 

compromise that advances product life cycle management with a modicum of investment in 

data capture without demanding full life cycle inventory data. 

In summary it is recommended that component eco-evaluation is integrated into the 

component or technology qualification process. Such evaluations are particularly suited to 

the new commodity introduction process that forms a part of the product development 

process at Nortel Networks. In this context component and supplier product related eco- 

performance can become an established element of the decision-making process for 

supplier selection. Such a step could also initiate a drive towards the serious consideration 

of product eco-performance in the context of ISO 14001 continual improvement and a 

recognition of supply base environmental performance being a significant environmental 

aspect, with product eco-innovation and a focus on materials management, providing a 

vehicle for product-oriented continual improvement. 

7.2 Product Material Profile Generation for Telecommunications 
Products 

The second hypothesis driving the pursuit of product material content data is that only 

supplier-specific material data on components and electronic sub-assemblies can provide 

accurate information for generating Nortel Networks product material profiles. 

This hypothesis suggests that generic data available in some commercially available 

databases and ecodesign software packages is not sufficient to successfully achieve this 

objective (see documents C2.1 and C2.4). Only a limited amount of information exists on a 

relatively small number and type of components. Any environmental impact modelling that 

is conducted at the electronics product level and based on these data would be particularly 
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restricted and the results potentially inaccurate and misleading. Ecobilan, the developers of 

the EIME ecodesign software do recognise the importance of capturing supplier data and 

enable these data to be added to the tool. 

The generation of Nortel Networks product material profiles could serve two main 

purposes: the provision of product material content data to customers and the provision of 
information for product management decision-making at end-of-life. 

The increasingly more demanding requirements of customers for product environmental 
information have been detailed in Chapter 5. The general trend in network operators' 

supplier environmental assessments has been from management system related issues to 

hazardous material and total material content of products and product eco-performance in 

general. It is currently very difficult state accurately exactly which substances are present in 

a product without detailed information from the supply chain. The only other alternative is 

to attempt to generate some form of material profile using average or generic data. 

If component and sub-assembly material content data could be collated and converted into 

product material profiles it would be possible to generate some indication of the potential 

end-of-life economic value of the product in terms of re-use or recyclability. This would 

allow for a total life cycle costing approach to be adopted during the new product 
introduction process. Investigations were conducted on obtaining values for used 

components and materials. Because of the huge fluctuations in the markets and their ad hoc 

nature it is impossible to obtain accurate values. However, components that are likely to be 

re-usable and materials that are likely to be economically recyclable can be identified from 

a product bill of materials and a material profile. An estimate of the potential value of the 

product in a given time frame could then be obtained. 

Research was conducted to investigate the feasibility of collating component and sub- 

assembly material content information into a Nortel Networks product material profile, 

assuming the data were available. The research focused on three Nortel Networks products 

and the processes in place for managing and tracking product releases and bill of materials. 
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7.2.1 Product Data Management Processes 
There are three primary database types within Nortel Networks that house all the available 

product-oriented data including components and assembled products. Components, once 

qualified, are coded and have their details entered into a database system that is currently 

called partSMart. The information captured includes technical information, qualification 

history and qualified suppliers. Components are selected from this database during product 

design. Any new components being introduced through the design process will be subject 

to the qualification process and their details subsequently entered into partSMart. The 

qualification and databasing process is dynamic and constantly being reviewed and 

changed to meet the requirements of the company. 

During the design process a bill of materials (BoM) or parts list is generated for each 

product. Depending on the complexity of the product it may contain from 150 components 

or less to many thousands of components and many sub-assemblies. This results in the 

BoM either being straightforward or rather complex and multi-layered. The product may 

have a super BoM that only lists the codes of the main sub-assemblies. Each sub-assembly 

would then have its own BoM. 

Each BoM is version controlled. Each version being associated with a version release of the 

product that is due to some form of engineering change being made. An engineering change 

may be the replacement of a component or a design modification. The BoMs are version 

controlled in the central product database (the Integrated Engineering Database or IEDB). 

The IEDB can be interrogated for a range of product and part information using specific 

software. The IEDB is the main source of Nortel Networks product data. Each product is 

given a unique identifying code and BoMs are specific to that particular release and code of 

the product. 

For products such as the M7310 telephone and the i2004 telephone (two of the example 

products used in this section) product releases and BoMs are relatively easy to track. 

However with more complex equipment such as transmission switches with multiple circuit 

packs and configurations the process is much more difficult. 

The third database type is the Integrated Manufacturing Database (IMDB). This is the local 

database for each manufacturing site and it contains all the information that is used to track 
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the product through manufacture. Other systems will also be used depending on the site and 

the product line to manage the order process for materials, parts and sub-assemblies and to 

mange the customer ordering and shipment processes. 

For complex products requiring customer specific preferences and configurations a unique 

job description document may be produced detailing number, type and configuration of the 

equipment ordered by the customer. The super BoM that is drawn up for each product will 

then specify the codes and release numbers of each of the circuit packs or cards needed to 

complete the configuration. 

When the product leaves the premises of Nortel Networks the sales information is recorded 

and, through the unique product code, any child codes (codes of sub-assemblies) should be 

identifiable in IMDB and IEDB. Once in the field (installed at the customer's premises) the 

equipment may be upgraded resulting in circuit packs being changed or added. Circuit 

packs may also be removed for repair or overhaul during standard maintenance procedures. 

If this does occur it is unlikely at this point in time that the information would be updated 

or recorded on any central database. 

The BoM contains codes that refer to specific components. Each component engineering 

code relates to the functionality of the component and is not supplier-specific. Thus, when 

the product leaves Nortel Networks it is not known exactly which suppliers supplied the 

components within the product. Any particular component or commodity could have 

between one and fifteen potential suppliers that are qualified and listed on the partSMart 

database. With the introduction of the supplier reduction programme at Nortel Networks 

and optimisation of the supply chain the number of qualified suppliers per commodity is 

falling. 

The situation is, therefore, complicated in terms of the potential collation and aggregation 

of component material data into distinct product material profiles. The most sensible 

approach would be to generate average component material content data based upon the 

material declarations from the individual suppliers specific to Nortel Networks. This would 

increase uncertainty in the data but would make the process more manageable and aligned 

to the current process. 
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Any capturing and databasing of material content data would require a radical change to the 

current information management practices in place. New fields would need to be added to 

partSMart and these would need to be able to be captured in the software used to generate 
BoMs from partSMart (WebCrop). The ideal scenario is that the component material data 

content are stored in partSMart, having been automatically transferred from the supplier's 

web site, and the data is aggregated automatically as the BoM for the sub-assembly is built 

and then for the super BoM. 

The final result would be a material profile for the Nortel Networks product. This 

information could then be used as part of a Product Environmental Profile provided to 

customers and to answer customer requests for information. One of the more advanced 

ways of presenting product material content information to customers would be in the form 

of a virtual reality 3-dimensional image, which provides exploded views of the product 
indicating where the main hazardous and valuable materials are. Such an idea was briefly 

explored recently at Nortel Networks but it remains as yet undeveloped. 

The process of collation of data is made even more complex now with the introduction of 

contract manufacturing at Nortel Networks and the possibility that contract manufacturers 

may be mandated to select their own suppliers for commercial off-the-shelf components. 
Contract manufacturers would be expected to provide material declarations themselves and 

the onus would be on them to collect the data and use an eco-evaluation methodology if 

necessary. 

Three example products were selected to demonstrate the difficulties associated with the 

creation of material profiles. The first is an established and relatively simple product: the 

M7310 business telephone. The second is a new and innovative telephone using Internet 

technology: the INCA i2004. The third is an established and complex switch cabinet 

containing thousands of components (Super Node). 

7.2.2 M7310 Telephone 
The M7310 business telephone is designed for users with extensive calling and call 
handling requirements. Its features include: 
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" LCD window with soft keys - walks users through features and applications. This 
makes the M7310 one of the easiest telephone systems to use, and eliminates the 
need for time-consuming and expensive training; 

" High - quality built-in hand-free speakerphone; 

" Intercom - increases the convenience of interoffice conversations, while keeping 
outside lines free; 

" Programmable buttons - enables users to customise the phone with the right mix of 
features, lines, and intercoms; 

" Memory buttons - provide fast access to frequently dialled numbers; 

" Call log - tracks and records incoming calls; 

" Hold - provides waiting callers with tones or music plus a periodic reminder of held 
calls; 

" Volume control - lets the user adjust the ringer, speakerphone, headset, and handset 
volume; 

" Automatic set relocation - ensures that each phone stays programmed through office 
moves; 

" Selective ringing tones - provided users with the choice of four ringing tones to 
easily distinguish their phone's ring from others nearby; 

" Headset jack - allows the convenience of a headset without unplugging the handset; 

" Wall-mount capability; and 

" Attractive, compact design - in colours of black, ash, or grey. 
The functionality of the M7310 can be further improved with the addition of a busy lamp 

field. This feature enables the user to see the status of as many as 24 telephones. This is a 

necessity for receptionist and secretarial personnel who need to know whether a phone is 

idle, busy, or on "Do Not Disturb" before transferring a call. 

It is clear that this type of business phone has considerably more functionality than a 

standard telephone set. 

The M7310 was selected for this case study, as it is a well-established and reasonably 

sophisticated product using components and materials that are common in many electronic 

products. This type of phone was first introduced as a Nortel Networks product in 1993 and 
has undergone several releases and modifications since. The phone was originally 

manufactured in Calgary, Alberta, Canada and Cwmcarn, Wales UK. It is currently 

manufactured in Monterrey, Mexico. 
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Appendix XI provides detailed images and drawings of the phone to illustrate both the 

shape and size of the assembled unit and to show exactly what the components look like. 

Figure 34 shows the assembled phone set. 

Appendix XII provides a full BoM of an M7310 with a unique product code and release 

number. 

Figure 34. M7310 Telephone (Black) 

The phone consists primarily of plastic ABS casing, a printed circuit board with two 

integrated circuit components plus other smaller components, a liquid crystal display 

assembly including screen and mylar flexible circuits, the speaker assembly and the button 

assemblies. The various components that constitute the phone are shown in Appendix XI. A 

breakdown assessment of the general material content of the phone is presented in Table 

26. 

Table 26. Typical Material Content of a Shredded Phone (Environment Canada, 2000) 

ABS 44.0 
Steel 8.9 
Non-ABS plastics 23.0 
Circuit boards 2.6 
Copper 5.5 
Waste 0.4 
Box, wrapping and documentation 15.6 
Total 100.0 

Two previous LCA studies have been conducted on the M7310 phone set. The study 

carried out in collaboration with Environment Canada and Ecobalance Incorporated 
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(Environment Canada, 2000) aimed to "better understand the potential economic and 

environmental benefits of emerging environmental management concepts such as product 
life cycle management and design for environment". The various life cycle stages of the 

phone were modelled. The data used were primarily sourced from Ecobalance LCA and 
DFE software (components and materials) and suppliers (one integrated circuit, the mylar 
flexible circuit and the printed wiring board). The study generally used generic component, 

material and process data. The study concluded, not surprisingly, that the use phase of the 

phone set is the dominant phase for environmental impact using the selected impact 

indicators of greenhouse effect and air acidification. The component manufacturing stage 
had the greatest impact in terms of raw material depletion and water eutrophication. The 

application specific integrated circuits provided the largest contribution to the greenhouse 

effect for the manufacturing phase. Two design changes (new keypad technology and thin- 

walled housing) were proposed and modelled but they had little effect on the life cycle 
impact. 

Obvious areas to focus on for improvement were energy consumption during the use phase 

and chemical and material use along with energy use in the component manufacturing 

stage. The study illustrated that LCA was limited without comprehensive, accurate and 

readily available data and that in the electronics industry it was perhaps best used as a 

prioritisation or guidance tool for ecodesign practices that can be used during product 
development. 

The second LCA study was conducted by Ecobalance UK and focused on end-of-life 

environmental impact and costing scenarios in preparation for the proposed WEEE 

Directive (Ecobalance UK and DMG Consulting Ltd, 1999). Three scenarios were tested: 

100% landfill, current UK end-of-life practices and end-of-life practices meeting the 

requirements of the WEEE Directive. The results for the M73 10 phone are: 

" Current (1999) UK processing and disposal routes result in less environmental 
impacts compared to 100% disposal to landfill; 

" The measures required by the proposed WEEE Directive result in a decrease in 

environmental impact compared to current UK practices; 

179 



" None of the scenarios appear cost-effective. This is due to the inclusion of 

significant processing costs (refurbishment) for the current situation and also for the 

proposed WEEE Directive scenario. 

A third study has also been conducted on the M7310 phone set as part of a PhD research 

project in Canada. The phone set is being used as a test vehicle for a computer tool for 

OEM decision support in asset recovery of electronic and telecommunication equipment. 

The case study of the M7310 has been supervised by the RE. The detailed results from the 

study are provided in Document C4.2 (Johnson, 2002). The conclusion drawn from this 

study was the M7310 was economic to remanufacture at the current time. This is supported 

by the success of the current Nortel Networks remanufacturing programme. However, the 

WEEE Directive will generate greater costs at end-of-life due to the volume of phones that 

will have to be recycled. 

Nortel Networks has an established recovery and refurbishment programme in place both in 

Europe and North America for the Meridian and Norstar (the name Meridian was changed 

to Norstar) telephone ranges. Thousands of phones are economically refurbished and re- 

sold per year. Twenty thousand M7310s are recovered each year of which sixteen thousand 

are refurbished and re-sold. Those phones that are not refurbished are screened for any 

potential re-usable components that are removed the remainder are disassembled into two 

streams: ABS plastic (casings and buttons) and metals (predominantly the printed circuit 

board). The average proportion of each M7310 that is recycled, re-used (components) or 

landfilled is presented in Table 27. 

Table 27. Fate of Disassembled M7310 
(Source: Nortel Networks Asset Recovery) 

Recycled 
Re-used (components) 
Landfilled 

75 
20 
5 

Each proportion for recycling is shredded and recycled directly or smelted. The estimated 

costs and values for end-of-life management of the M73 10 are provided in Table 28 (from a 

UK recycling company). The figures would fluctuate with a change in volume or the value 

of scrap materials. 
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Table 28. Estimated Costs and Values for End-of-Life Management of the M7310 
(source: UK Recycling Company) 

Disassembly 
time 

4 0.55 - -0.55 

Light iron 0.088 - 0.005 0.005 
Copper cable 0.090 - 0.015 0.015 
PCB 0.040 0.80 0.84 0.04 
Clean plastic 0.040 0.95 0.95 0 
Contaminated 
plastic 

0.560 0.01 - -0.01 

Manual and 
packaging 

0.256 0 0 0 

Total 2.31 1.81 -0.50 

These figures have been generated by a recycling company and are based upon the 

company completing all the tasks. Because currently at Nortel Networks the majority of 

phones are refurbished and those that are recycled are disassembled in-house the costs of 

disassembly are not seen directly on a per unit basis. Much of the cost will be integrated 

into the overall economy of the product end-of-life management process. The figures 

quoted by the recycling company actually result in a cost for end-of-life management of 50 

pence per unit. 

At Nortel Networks at the present time all asset recovery processes are considered to be ad 

hoc. This means that any value or cost associated with end-of-life management of the 

product is not considered in any life cycle costing calculations that are made to generate a 

unit cost for the product and for the customer. Considerable revenue is generated from the 

refurbish and re-use programme and this revenue is returned to the line of business 

responsible for that product portfolio. The units that are disassembled for recycling are 

grouped together with other material from asset recovery operations for other products and 

generally at the moment this practice breaks even (taking into account recycling processing 

costs and costs for disposal of non-recyclable material). 

The main stated reason for not including any end-of-life management costs or values in the 

life cycle cost of the product is that predicted costs and revenues for a product that has a 

predicted life-time of between five and fifteen years would be loaded with uncertainty. 

However it would be useful to have a strong idea of what proportion of the product would 
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potentially generate revenue at end-of-life and which would result in a cost based upon 

current scrap values for the materials. This would require accurate product material content 

data from the supply chain and possibly the use of an evaluation tool such as that advocated 

by Middendorf et al (2000). 

In terms of generating a material profile for customers the M7310 telephone would be 

relatively simple. Customers main concerns are hazardous materials and if the component 

data were available with only 150 components in the product it would be straightforward to 

generate a hazardous material profile. Access to component suppliers for the M7310 was 

not available so it was not possible to capture component and supplier-specific data. The 

data used in the LCA modelling study have been used to generate the profile in Table 29. 

These data are based on some supplier specific data and data from the Ecobilan DEAM 

database. It can be seen that ABS plastic and steel dominate the profile given the data set 

used. However, other substances are present in the phone but are not captured or specified 

in the output from DEAM. 

Table 29. Material Composition of a Telephone (DTI, 1999) 

Ferrous Metal 
Steel 0.14 10.7 
Non Ferrous Metal 
Copper 0.03 2.3 
Plastics 
ABS 0.77 58.8 
PVC 0.07 5.34 
Other plastic 0.07 5.34 
Other materials 
Pb 0.11 8.4 
Rubber 0.03 2.3 
Glass (LCD) 0.03 2.3 
Misc 0.06 4.52 
Total 1.31 100 

7.2.3 i2004 Internet Telephone 

7.2.3.1 Overview 

The i2004 Internet Telephone is the newest member of the Nortel Networks Succession 

Internet Telephony portfolio. As an Internet Protocol communications device, the i2004 

connects directly to a customer's Local Area Network via a 10/10OBaseT Ethernet 

connection and translates voice into data packets for transport over the data network. The 

i2004 is one of the next generation of business communications devices supported on 
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multiple Nortel Networks service platforms became available to customers in 2001. 

Physically the i2004 looks very similar to currently available digital telephones from Nortel 

Networks (see Figure 35). 

The i2004 offers the following features: 

" Large multi-field LCD display, including six user-programmable keys for direct access 

to lines or voice features; 

" Wideband-compatible speakerphone with acoustic echo cancellation; 

" Integrated headset jack with on/off button; 

" User-selectable ringer, speaker, handset, and headset volume; 

" Special purpose service keys for access to commonly used applications and services; 

" Integrated accessory and expansion bay connectors to support future service 

enhancements; 

" Local generation of call alerting, call progress, and dial pad tones; 

" Dedicated hold, release, hands-free and mute keys; and 

" Hands-free speakerphone with LED. 

Figure 35. i2004 Internet Telephone 
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Images of the product in disassembled form and a complete bill of materials including all 

qualified and potential suppliers of components and materials are provided in Appendices 

XIII and XIV. The phone contains approximately 200 individual parts including moulded 

ABS plastic casings and standard and customised electronic components. Unfortunately it 

was not possible to contact each supplier for detailed material declarations of components. 
One of the original aims of the research project was to have a standard procedure in place 

to capture data from the supply chain and the generation of material profiles could then be 

generated for selected products. However, the proposed data capture element of the 

research has not been implemented and therefore data are not readily available. 

The information presented in Appendix XIV demonstrates the complexity surrounding 

component material content capture and collation even for a relatively simple product due 

to the range of suppliers that may be qualified for each component. If component material 
declarations were available from suppliers it would be necessary for those components with 

multiple suppliers to generate an average material content for use in any final product 

material profile. 

Ecodesign Initiative 

An ecodesign research study was conducted by a research group within Nortel Networks 

based in Canada as part of a second generation cost reduction design initiative for the 

product i. e. the first release of the product was complete. Areas of the physical design were 

selected for focus and proposals generated for changes to the design that would result in 

improved environmental performance. Ten design areas were initially selected but only 
four emerged with feasible suggestions for environmental improvement. This work was 

conducted by Hamra and Collins (1999) and selected details are provided in Appendix XV. 

It illustrates the need for important and often fundamental trade-offs to be made if 

ecodesign decision-making is to be integrated into the product development process. 
Maintaining physical integrity and reducing costs are not always compatible with ecodesign 

proposals. 

It is anticipated that i2004 telephone sets would undergo the same process at end-o-life as 

the M7310 and the majority of Nortel Networks business telephone units (refurbishment 

and re-use or disassembly, shredding and recycling). 
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7.2.4 DMS Supernode SE 

7.2.4.1 Overview 

The Nortel Networks Digital Multiplex System (DMS) Supernode switch is a high-capacity 

switching system that provides voice, data and video transmissions. The DMS family 

consists of many different switch types configured to provide the specific requirements and 

functionality of different locations within the network. The DMS-100 system is a 

"switching centre that serves the local level in the public switching network and is operated 

by local exchange carriers. It is designed for end-office applications having a capacity of 

1500 to more than 100 000 subscriber lines" (Nortel Networks 1999c). 

The DMS-100 provides access to long-distance services and other networks, handles traffic 

from private branch exchanges and provides residential and business services ranging from 

basic telephone service to a full compliment of advanced voice and data services. The 

system is comprised of many nodes that are housed within standard ETSI cabinets. The 

Supernode SE is a compact version of the DMS-100 and fits into a single cabinet. The 

DMS SNSE reduces the network operator's cost of ownership with reduced footprint, 

power, spares, and engineering. As an office grows, the system's network capacity and 

revenue-generating potential can be extended with a transition to the standard supernode 

platform. 

7.2.4.2 Functional Layers 

The DMS-100 system can be grouped into three functional layers (Nortel Networks, 

1999c): 

Service Processing Layer 

The nodes within the service processing layer process signals and provide central call 

handling and overall control of calls. This layer also provides control and management of 

all nodes in the switch. 

Signal and Connectivity Layer 

The nodes within the signal and connectivity layer permits internal communication among 

the parts of the switch. This layer carries and connects digital traffic such as customer 

voice/data. The nodes within this layer also allow technicians to input commands and 
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receive output from the switch. The nodes may send messages to attached devices such as a 

Visual Display Unit (VDU) or a printer to alert the technicians of a problem. 

Physical Access Layer 

This layer allows lines and trunks to be connected to the switch. This layer originates and 

terminates calls (calls enter and leave the switch through this layer). Nodes within this layer 

also handle incoming signals, for example, they convert analogue signals from a customer 

into digital signals that the switch can use. 

7.2.4.3 Major System Nodes in the SNSE 

The major system nodes of the SNSE that support the functional layers are as follows: 

Computing Module 

The computing module mainly exists within the Service Processing Layer and is the central 

processing engine of the SNSE. It consists of the DMS-Core which provides computing 

and memory resources for overall system management and control; the System Load 

Module for mass storage with a disk drive, cartridge drive, and controller to store office 

images, load new software, back-up systems data and enable emergency system recovery; 

and the DMS Bus (or Message Switch) residing in the Signal and Connectivity Layer that 

handles message communication between the switch nodes. 

Link Interface Shelf 

This is a modular unit and a node within the Signal and Connectivity Layer. It provides 
limited local switching capabilities and allows the switch to interface with a variety of 

specialised network data formats. Its modularity allows the addition of different circuit 

packs as demand increases. 

ENET Switch Matrix 

The Enhanced Network (ENET) switch fabric provides many thousands of connections for 

calls to reach their destinations. It is also part of the Signal and Connectivity Layer and 
forms one shelf in the SNSE. 

Peripheral Modules 
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Peripheral modules are physical layer nodes that provide the interface (analogue or digital) 

between the switch and the outside world. These modules are housed in their own cabinets 

and are not an integral part of the SNSE. 

7.2.4.4 Phýsicul Packaging 

The INS I(X) SNS1. h: ud\ýare is housed within equipment cabinets. The hard\\are circuit 

packs are fitted into allocated equipment shelves. SNSE cabinets have the following 

dimensions: 

I Ieight 182911111) 

Width I(107mm 

I)rpth 725nun 

Weight 730kg (although depends on contiguration). 

The major system nodes and the cabinet layout are shown in Figures 36 and 37. 
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Figure 36. SNSE Hardware Layout 
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Figure 37. Custom Configured SNSE for Shipping 

7.2.4.5 Material Profile Data Management 

The SNSE has been used as an example to demonstrate the complexity and the quantity of 

data to be managed in the generation of any detailed material profile for a switching or 

complex telecommunications product. 

A compete bill of materials for a customer-specific configured SNSE product (Figure 37) is 

provided in Appendix XVI. The top-level super BoM has been exploded to provide a 

complete component listing for the core cabinet and some selected hardware circuit packs. 

Three circuit packs have also been selected to demonstrate the potential range of suppliers 

that are qualified to supply a specific item. The full list of suppliers of each component 

could only be obtained by manually entering the product code into the search function of 

the component database or the supply management database. There is currently no means 

of generating automatically a full list of component suppliers from the BoM for a product. 
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Images of the SNSE and individual circuit packs that can be cross-referenced with the BoM 

are provided in Appendix XVII. 

If material declarations from component suppliers were captured and average profiles 

generated per coded item, it should be possible to generate a collated profile per sub- 

assembly code and subsequently a profile for the top level Nortel Networks product code. 
The resource intensive element of this process would be entering the component material 
data into the component database. The data management systems already in place could be 

adapted to manage the data from the component database through the generation of child- 
level BoMs and the super BoM. The final profile could be captured and held on the Nortel 

Networks central product database IEDB. 

In practice this would require a commitment from Nortel Networks to establish a 

programme to capture data (possibly collaborative), start manually adding material data to a 
field in the component database (currently partSMart) as part of the component coding 

process and modify the software for generating and storing BoMs for products. At this 

stage the company is participating in a European electronics industry group collaborative 

programme to establish a common process for material data capture from the supply chain 
but no formal commitment to the establishment of a product material profile system has 

been made. 

7.2.4.6 Material Profile 

A study was conducted by a research group in Canada to investigate the compliance of the 

DMS-100 family of products to the proposed 3`d Draft of the WEEE Directive (Nortel 

Networks, 1999d, EC, 1999). Part of this study included the attempted capture of 

component material data from the supply chain for selected components using the data 

capture template as described in Chapter 6. WEEE Draft 3 contained proposed material 
bans that are now specified in the Restriction of the Use of Certain Hazardous Substances 

in Electrical and Electronic Equipment Directive (EC, 2000). Thus, an assessment of 

compliance to the 3`d Draft of WEEE required hazardous material declarations for the 

components. 

Components from common hardware units for a variety of DMS equipment including the 

SNSE were selected and suppliers contacted for information. Detailed results from the 
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study are provided in Appendix XVIII. The results were not encouraging with few suppliers 
being able to readily provide the required data. This supports the results of the sample data 

capture exercise detailed in Chapter 6. 

The conclusions to be drawn from all efforts to generate material content data on a per 

product basis within Nortel Networks are that suppliers are not currently in a position to 

provide detailed material content data although the requests made have only been for 

isolated specific projects or technology research projects. 

Until component material declarations become a standard element of component 

qualification and data requests it will continue to be very difficult to generate accurate 

product material profiles of products. Currently systems are not in place to capture 

appropriate data and efforts to do so have either been prevented or had very limited success. 

7.3 Legislative Requirements 

The implementation of Level 1 eco-evaluations (as detailed in section 7.1) would result in 

the meeting of legislative requirements concerning material bans or restrictions. This 

assumes that a list of appropriate material regulations are maintained by organisations such 

as Nortel Networks and are referenced in any component qualification. Each component 

supplier would be expected to declare the presence of any specified materials in each 

product using a product material declaration form. Such negative material declarations are 

the easiest and preferred method of material declarations for suppliers and it should be a 

relatively simple process to implement the Level leco-evaluation methodology described in 

Chapter 6. 

7.4 ISO 14001 Continual Improvement 
In Chapter 5 it was stated that the supply chain is considered to contribute indirectly to the 

environmental aspects and impacts of Nortel Networks and any telecommunications 

company. Therefore, any methodology designed to quantify or evaluate the environmental 

performance of suppliers could theoretically be used as a tool to gauge continual 
improvement. 

190 



The eco-evaluation methodology proposed in section 7.1 is designed to quantify the eco- 

performance of each component from each supplier using selected criteria. This allows a 

benchmark to be determined that can serve as a basis for improvement. 

In addition, the format of the SEAP questionnaire allows for the submission of information 

on supplier initiatives designed to improve environmental performance. This type of non- 

quantitative information, if interpreted correctly, can also provide a basis for evaluating 

continual improvement. 

The current approach to supply chain management by Nortel Networks and many 

electronics companies emphasises the importance of partnership rather than competitive 

selection. This approach involves the development of an agreement between the customer 

and the supplier that results in benefits to both companies and a close understanding and 

working relationship. The customer gains security of supply, early access to new 

technology developments and preferential purchasing rates. The supplier gains market 

security and access and awareness of future market and technology developments 

(roadmapping). The outcome should ultimately provide a more effective solution to the 

final customer (in Nortel Networks case the telecommunications service providers such as 
British Telecom). 

In terms of continual environmental performance improvement for products, the 

partnership approach enables innovative input on product development ideas from both 

parties. The supplier may have a "greener" product that it wishes to launch into the market 

which it can trial with a preferred customer. Likewise a customer can work with a supplier 

on improving the environmental performance of the product through collaborative 
discussion and research. Even if the situation arises whereby the environmental 

performance of a supplier's product is considered below that of competitors (but meets 
legal requirements), because of the business relationship, a solution or compromise will be 

found. This could lead to the customer being committed to a supplier with products having 

inferior environmental performance than other suppliers in the market. Of course many 
factors are considered in the awarding of preferred status to suppliers and generally 

environmental issues are typically considered of less importance. Legal compliance or 

some form of minimum requirement is standard. Some organisations may adopt a more 
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extreme approach and set stringent minimum requirements to be met or the supplier faces 

de-selection (e. g. B&Q). 

The alternative to the partnership approach is one of hard competitive supplier selection 

that involves frequent assessment and appraisal of suppliers on a per contract basis without 
long-term commitment. This allows the customer greater flexibility. This scenario could 

result in overall improvement of the environmental performance of components as 

suppliers seek to differentiate their products more frequently than when bidding to become 

a partnership supplier. 

At the present time it is suggested that environmental performance is not a differentiator in 

supplier selection unless all other things are equal (which they rarely are). No preference 

would be given to a supplier who could offer components with superior environmental 

performance unless there were clear additional benefits to the customer such as reduced life 

cycle cost. One Nortel Networks supplier that had been proactive and developed a 

potentially "greener" alternative product was keen to explore opportunities for preferred 

selection on the basis of the product's green credentials (the product met all technical and 

quality requirements). 

Many electronic component material innovations and initiatives that could result in a 
demonstration of continual improvement through material substitutions and improved eco- 

evaluation scores are often instigated by industry collaborative groups. Rarely does one 

company invest heavily in a materials development programme in isolation. Also many 

electronics industry groups or trade associations now have national and international 

roadmaps that detail the technological challenges and needs of each industry including 

environmental, health and safety. Examples of such roadmaps include the International 

Technology Roadmap for Semiconductors coordinated by Sematech, the National 

Electronics Manufacturing Initiative technology roadmap, and the Institute for 

Interconnecting and Packaging Electronic Circuits National Technology Roadmap for 

Electronic Interconnections. Many of these roadmaps specify environmental technology 

issues relevant to the respective industry. Several industry groups have organised work 

programmes to investigate the issues considered to be of particular importance. Those of 

note include efforts by NEMI and the High Density Packaging User Group on lead-free 
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solders and non-brominated flame retardants. These are mainly driven by the potential 

phasing-out of these materials through the introduction of the RoHS Directive in Europe 

and proactive introduction of lead-free solders into products in Japanese electronics 

companies. 

Programmes and guidelines are also devised for more "everyday" environmental issues at 

an industry group level. These may include the development of "cleaner" process 

techniques or energy consumption reduction initiatives. Several suppliers indicated that 

they used and adhered to industry group roadmaps and guidelines on environmental best 

practice for the industry sector and that these actions formed the basis of any product 
focused continual improvement efforts. 

Driving continual improvement in product environmental performance in the supply chain 
is a complex task. The provision of component material data to customers could provide a 
basis for an eco-evaluation and a benchmark for further measurement. For really significant 
improvement to be made though, a strong commitment to product environmental issues by 

both the customer and supplier are essential. In the current financial climate in the 

telecommunications and information technology sector eco-innovation and investment in 

environmental initiatives may not be a priority unless they are required to meet the needs of 
legislation. 

7.5 Conclusions 
This chapter has been concerned with how supplier component material data and company 

environmental performance data could be used by Nortel Networks or any electronics 

company. 

A methodology for the eco-evaluation of components from specific suppliers has been 

presented and discussed. The methodology is hierarchical and flexible depending on data 

availability and the required depth of evaluation. It can be used as part of the component 

qualification and supplier selection processes. The objective is to provide an environmental 

performance element to component and supplier selection decision-making. 

The feasibility of generating telecommunications product material profiles from component 

supplier data is assessed. Product material profiles would provide customers with the 
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information that is commonly requested and would also provide companies such as Nortel 

Networks with detailed information regarding the propensity of the product to be re-used or 

recycled. Theoretically the collation of component material declarations with reference to a 

product bill of materials can be achieved. However, the volume of data would be huge for 

complex telecommunications products that may contain tens of thousands of components. 

The hierarchical eco-evaluation methodology would provide a means of checking 

compliance to relevant product-focused legislation and of measuring component 

environmental continual improvement. 
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Chapter 8 Discussion 

The objectives of this chapter are to discuss: 

" The results of the research project; and 

" How the key findings provide a contribution to the application of Product Life Cycle 

Management. 

In this chapter the results of the research project are expanded upon and analysed in more 

depth with emphasis on the practical application of recommendations and the contribution 

to knowledge in the field. 

The focus of the project is the provision of mechanisms for more informed decision-making 

in the process of PLCM. This has resulted in the examination of methods to capture 

component-level data for complex telecommunications equipment and to use these data in 

key phases of product development and production thus resulting in improved product 

environmental performance over the life cycle of the product. 

Perhaps the most important research findings relate to the need for mechanisms for 

component level data capture from the supply chain if: 

a) Telecommunications products are to comply with product legislation; 

b) Customer requirements are to be met; and 

c) Products are to improve in terms of their environmental performance. 

With the availability of accurate and reliable data on electronics components more 

advanced supplier evaluation and selection processes such as the eco-evaluation hierarchy 

developed in this research can be conducted as a component of a business strategy to 

commit to continual improvement and ultimately sustainability. 

When the research programme was initially scoped it was envisaged that a data collection 

programme could be implemented within Nortel Networks as a first step, followed by the 

creation of aggregated product material profile generation and advanced supplier selection 

processes. However, because the organisation was unable to commit to a programme of 
data collection as a formal element of the supply chain management strategy, the data 
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collection element remained a research and development initiative within Nortel Networks. 

The reason for not being able to commit, it would appear, was the organisation still 

perceived the capturing of detailed data on components from suppliers to be unnecessary at 

that time. The decision was, and still is, highly contentious because of the potential 

enormous cost and burden placed on the supplier. 

This scenario greatly limited the volume of data that could be collected and severely limited 

the possibility of testing the creation of complete product material profiles for Nortel 

Networks products. The results of the first phase of the research, however, highlighted the 

fact that suppliers of electronics components were not, and still are not, in a position to be 

able to readily supply the required data. 

An additional limitation to the research was caused by Nortel Networks not approving a 

detailed exploration of why customers requested such detailed information on the 

environmental performance of products and how the information was used in the 

customers' supplier selection processes. This was particularly disappointing because it 

would have revealed some interesting details. 

The issues outlined above highlight the complications involved when conducting research 

in an industrial and commercial context. However, the value gained from conducting 

research in industry far outweighs the limitations. 

Because of the data capture issues the research shifted focus on how the data could be used, 

particularly in terms of supplier selection, assuming it could be captured. 

It is concluded that supplier product and company environmental data can be integrated 

into the ecodesign and Product Life Cycle Management systems of Nortel Networks or any 

telecommunications network solutions company. However, at the present time, because of 

the limited volume of accurate data available on the material content of electronics 

components, the implementation of a data capture and product material profile system may 

not be immediately feasible. As the time draws closer for legislation such as the RoHS and 

WEEE Directives to be implemented, greater urgency may be placed on implementing such 

a system. It is suggested that an industry collaborative programme may provide the best 

solution. 
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Because the research was based within one organisation, Nortel Networks, it could be 

argued that any results and recommendations could only be valid for this specific 

organisation. However, the methods for data capture and component environmental 

selection can be used in any organisation that has a multiple sourcing supply chain strategy, 

a need for a system to capture and database supplier and component-level information and 

an objective of improving product environmental performance through informed supplier 

selection decision-making. The majority of telecommunications equipment and network 

providers use similar approaches to product development, supplier sourcing and 

manufacturing methods. The results of this research are, therefore, applicable to all. 

The concept of using supplier-specific component-specific material data for supplier 

selection, meeting the requirements of legislation, improving product design and the 

creation of product material profiles is a simple one. However, the practice of turning this 

concept into a reality is not so simple. This research has explored options for making the 

concept a reality and has yielded a unique set of results and recommendations. 

The first phase of the project focused on the determination of what type of data needed to 

be captured from the supply chain to meet certain, specified requirements. The outcome 

was clearly, as close to one hundred percent materials composition of components supplied 

as feasibly possible. In addition, comprehensive data on supplier environmental 

management processes were also required. 

Web-SEAP was created as a means of capturing the required data. A discussion of the 

design of web-SEAP was provided in Chapter 6. The ultimate goal for product/component 

material declarations from suppliers is material content by mass. A range of options for 

data format is available which could all reach this goal, including percentage material 

declarations combined with total mass and actual materials mass declarations. Additional 

complexity with materials declarations is often caused by inconsistency in terminology. 

Materials, substances, compounds, chemicals and chemical elements are terms that are 

often used and interchanged. Clear and consistent terminology or classification is required. 

The recommendation is that a collaborative industry-wide solution is developed to provide 

a consistent and standardised method for product material declarations on a global scale. 
However, the decision-making process to achieve such an agreement is protracted, fraught 
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with argument and counter argument, and ultimately perhaps, untenable. It is extremely 

difficult to attain agreement not least because the representatives at each meeting do not 

have decision-making power within their organisation and cannot commit. They have to 

feedback information to their board and this generates cycles of iteration. In addition, every 

organisation has their own way of conducting business and their own perceived priorities 

and sense of importance. 

Efforts are currently ongoing to reach an agreement between EICTA, EIA and a Japanese 

electronics industry association. Meanwhile, some companies are now eager to implement 

systems in isolation as a perceived urgency now manifests itself with the WEEE and RoHS 

Directives looming on the horizon. Nortel Networks, at this time, are not committed to any 

programme for materials declarations. 

In addition to the problems that exist regarding a global data capture system perhaps one of 

the more fundamental issues that needs addressing for each participating company is the 

use of the data that are captured, particularly for the generation of product material profiles. 

There are two main approaches to the aggregation of component material composition data 

to a product material profile. One is to manage the material data in a system completely 

separate from any existing component data management system in place in the 

organisation. This means bill of materials information for products has to be imported into 

the product composition system to enable aggregation to take place. This may be the 

optimal solution for organisations that use multiple product data management systems 

across different lines of business. 

The second approach is to integrate the component material composition data into existing 

component data management systems. This involves migrating data from fields in the 

materials declaration capture system to fields in the existing component data management 

system. The bill of materials for products will be generated in the standard way and queries 

can be run using the existing system. Because Nortel Networks use standard component 

and product data management systems throughout the organisation this would be the 

recommended approach. WebCROP (described in Chapter 7) or similar software, could be 

used to generate the product material composition. 
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One additional complexity exists, however, because the supplier of components that form a 

given product varies over time and per batch of products, any accurate product material 

profile generator would need to identify the suppliers of components for a particular final 

product and use the appropriate data. The current product data management system at 
Nortel Networks does not currently track the specific suppliers of components that form a 

product. Alternatively, average and/or "best or worst" case scenarios could be used. 

A further requirement for any component material content data capture and product 

material profile system is the availability of trusted data of an acceptable quality. The 

research has shown that the availability of data is generally poor and that which is available 
has been generated using a range of methods. There is a need for organisations such as 
Nortel Networks (or a collaborative programme) to make the provision of data mandatory 

and for validation checks to be made to check for quality, consistency and method of 
capture, as these greatly impact the accuracy and comparability of the data. Until this 
happens the provision of data will remain varied and will primarily be from a group of 

proactive suppliers. 

Finally, the data capture system needs to be technically "state-of-the-art". It cannot be 
future proof but it can be consistent with current and planned systems technology. As the 

electronics industry and commercial organisations in general move towards Internet and 
intranet-enabled applications and data management systems, it is imperative that any 
materials declaration data capture and supplier environmental performance data 

management systems are also internet-enabled. The recommendation is therefore, for an 
online intranet system. 

As well as creating product material profiles the objective of capturing component material 
composition data and supplier environmental management information is to provide more 
information on which to base decision-making for supplier selection. 

Component and mechanical part "eco-selection" assumes that eco-performance can provide 
differentiation between components with the same functionality, from different suppliers. 
That is, in addition to factors such as cost, reliability and supplier company performance 
issues. The contribution that the eco-performance of the component will have on the 
decision to select it will depend on the individual company's degree of commitment to 
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ecodesign or improving environmental performance. Eco-performance has to compete 

particularly with quality, reliability, technology and cost. The consideration of full life 

cycle cost is becoming increasingly important. Components with less hazardous materials 

and improved recyclability or re-use potential could have cost benefits at end-of-first-life. 
These benefits could offset any "up-front" higher purchase costs for components with 
improved environmental performance. 

Three core groups of decision-makers for component selection can be identified: 

" Designers; 

" Component Engineering Qualification Groups; and 

" Manufacturing supply management groups (purchasers). 

Discussions with design groups within Nortel Networks have revealed that because of the 

time to market pressures regarding new product introduction, designers would prefer that 

any form of component eco-evaluation be made before components are made available for 

use in design. Hardware (electrical) designers focus primarily on functionality. Components 

are selected from a database of components that have been pre-approved from preferred 

suppliers according to a range of criteria by the component engineering group. Components 

not available in the database are recommended by the designer and are subsequently 

subjected to the approval process. Designers do not have the time to evaluate the eco- 

performance of components and to consider possible alternatives. 

The component engineering qualification group does have an opportunity to consider the 

eco-performance of components during the qualification process, particularly for new 
technologies, and to capture "eco-evaluations" and document them by posting the 

evaluations as a feature of the component attribute dataset in the component database. 
Currently the component engineering group within Nortel Networks uses supplier 
environmental assessment information obtained through the supply management function 

to screen a supplier's environmental performance. This research has yielded methods that 

go beyond simple compliance declarations and on to a comprehensive supply chain 
materials management approach. 

200 



Manufacturing supply management groups also have an opportunity to make component 

"eco-selections" in the selection of components to complete a bill of materials for a 

production run. Components are multi-sourced from different approved suppliers. It is 

suggested that it is possible to differentiate between suppliers of components on an 

environmental performance level (company and product) as most preferred suppliers would 

meet minimum requirements on quality, delivery, service, cost, business risk, and 

technology. 

A four level hierarchy evaluation methodology is proposed as an innovative method for 

incorporating supplier environmental performance in supplier selection decision-making. 

This method can be applied by both component/supplier qualifiers and supply management 

groups. Toxicity and resource depletion were selected as being priority indicators of 

environmental performance using material composition data. 

Level 1 eco-evaluations focus on hazardous material compliance. This involves a simple 

declaration from the supplier of what is not present in the component. This type of 

declaration is dependent on the evaluating organisation specifying a list of substances that 

must not be present in the component. The list consists of those substances that are 

generally banned by legislation, that are targeted for banning and/or are specified by 

customers for elimination. Hazardous material compliance is a common approach used 

throughout the electronics industry. 

Level 2 eco-evaluations focus on the intrinsic hazardous nature of the materials within a 

component. Human toxicity and ecotoxicity potentials are combined with the material 

masses contained in the component. A comprehensive discussion of the reasoning and 

uncertainties associated with Level 2 toxicity evaluations is provided in Chapter 7. 

Level 3 eco-evaluations consider both toxicity potential and resource depletion. The 

potential for recycling of certain materials is also considered when calculating the resource 
depletion score. The Level 3 eco-evaluation is finally calculated using multi-criteria 
decision-making techniques that consider both criteria. 

Level 4 eco-evaluations consider toxicity potential, resource depletion and also the 

supplier's commitment to product environmental performance improvement through the 
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quantitative score generated from completion of a questionnaire. Again, multi-criteria 

decision-making is used to arrive at a final evaluation. 

In terms of simplicity and feasibility in electronics component eco-selection, a declaration 

of what is definitely not in a component is preferable (Level 1 eco-evaluation). This should 

ensure regulatory compliance as long as the appropriate lists of banned or restricted 

materials is maintained. However, to support advanced product life cycle management 

decision-making, particularly in terms of component or product eco-performance and life 

cycle costing, a more comprehensive eco-evaluation is required such as those proposed in 

methods 2 through 4. 

The eco-evaluation hierarchy is designed to be flexible in its application. Organisations can 

choose which level to use. The higher the level of eco-evaluation used the greater the 

integrity of the supplier selection process. 

The objective of the application of comprehensive supplier eco-evaluation is to initiate and 

influence the drive towards product environmental performance improvement throughout 

the supply chain. This can be actualised through benchmarking and communication to 

preferred suppliers and encouragement to improve. It can also be actualised through 

competitive selection. How it is used will depend on the supply chain management strategy 

adopted by the organisation and also the commodities (components and products) being 

evaluated. 

The type of supplier eco-evaluation that an organisation chooses to implement directly 

influences the type of data that needs to be captured from the supply chain. This is also true 

for the generation of product environmental profiles and continual improvement initiatives. 

Negative hazardous material declarations for components from suppliers only enable 

organisations to generate negative materials declarations for products and limit the 

opportunity for continual improvement initiatives. The more comprehensive the data 

captured from suppliers the greater the scope for organisations to produce detailed product 

environmental profiles and effect improvement. 

A further step would be to incorporate production environmental burden data or life cycle 

analysis data into the eco-evaluation process. This is an important consideration but the 
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probability of obtaining detailed production process environmental burden data for each 

supplier is low. Suppliers generally consider such data as commercially sensitive, 

particularly yield data. This is despite the fact that many component suppliers suggest that 

component production technology is common across the industry. Variations in production 

techniques are likely to exist but identifying them is particularly difficult. Numerous LCA 

studies in the literature have cited problems with data capture. 

Another advancement for supplier and product evaluation would be to widen the scope to 

include social issues as well as environmental in a move towards sustainability performance 

evaluation. This would require a more comprehensive supplier evaluation questionnaire 

that would consider a supplier's sustainability management and product development 

initiatives. 

One aim of conducting component and supplier evaluations is too identify components 
from specific suppliers with the current "best" environmental performance and to identify 

what improvement initiatives the supplier has planned. The proactive organisation 

committed to achieving sustainability will also consider options for sustainable product and 

service design and drive innovation throughout the supply chain. Technology and materials 
innovation may be the key to achieving sustainability in products and services. It is clear 

that dematerialisation and the reduction in hazardous substance use are fundamental first 

steps. 

The structure of supply chains in the electronics industry has changed radically in the last 

five years from predominantly in-house design and manufacture to increasing volumes of 

out-sourced manufacture and component sourcing. This change may not only result in the 

majority of electronics products being manufactured by a small number of multinational 

electronics module manufacturers but also the majority of the components being sourced 
from a small number of global suppliers because of economies of scale. With this model, 
innovations in product environmental and sustainable performance will be reliant on end- 

to-end technology road mapping within an integrated production system. This could 

potentially stifle innovation as fewer organisations will be participating in the market. 

However, the formation of very strong relationships between organisations in the supply 

chain could still result in environmental product improvements as solutions are developed 
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effectively through collaboration and partnership. It is suggested that building partnerships, 

sharing information and ideas and focussing on continual performance improvement in all 

areas will yield the best results. 

Within this discussion it is important to consider both the timing of the research and it's 

value to the academic and business community. 

As the research programme progressed over the four-year period there were significant 

developments in the legislative arena, particularly with the ongoing refinements of the 

WEEE and RoHS Directives in Europe. In addition, the interest in environmental supply 

chain management initiatives within both the academic community (product environmental 

management) and the electronics industry has grown considerably in the last four years. 

Several companies and Universities have conducted research in this area (see Chapter 4). 

In terms of timing, the research has been conducted at a prime time in terms of the results 

and findings being of interest and making a contribution to decisions on environmental 
initiatives to be implemented by organisations. 

The work conducted in the research project is considered to be innovative. It was conducted 
in an extremely dynamic environment and industry sector in a field that is increasingly 

becoming more significant and influential on the manner in which organisations conduct 
business. The research has revealed significant issues in the industry regarding supplier and 

customer relationships and the need for improved communication and sharing of 
information. The work has resulted in a method for eco-evaluation of components for 

improved decision-making in terms of component selection and ongoing continual 

environmental performance improvement for Nortel Networks and suppliers. The timing of 
innovative work is crucial if the findings are to be of practical use. It has been concluded 

that the recommendations from this research cannot be implemented immediately because 

it is evident that the electronics industry is not is a position to capture or provide the 

required product data. Thus, the timing of the work could be considered to be optimal. 

The electronics industry is dynamic and in a state of flux given the impending 

environmental legislation from the EU. Over the next four to six years, organisations in the 

industry will be looking to manage the environmental impacts associated with 
telecommunications products. They will need to work closely with, or encourage, 
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component suppliers to improve product environmental performances and in particular 

focus on researching new technologies for materials substitution. 

In terms of contribution to knowledge the claims from the research are secure. This is 

strengthened by the current interest in environmental supply chain management in the 

academic community and even more so within the telecommunications industry. The field 

of ecodesign has evolved rapidly over the four years of the research and the number of 

studies and publications has continued to increase, reflecting the growing interest in the 

subject and the application of ecodesign methodologies and thinking. This research 

contributes to this ever-growing knowledge base. 

Over the coming years it is conceivable that the findings and recommendations from this 

research project will be implemented by organisations in the telecommunications industry. 

It is likely that a collaborative industry group component materials declaration scheme will 

materialise eventually and environmental and social performance considerations will play 

an increasingly significant part in the supplier selection process. 
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Chapter 9 Conclusions and Further Work 

The objectives of this chapter are to: 

" Summarise the research project; 

" State the research findings and contributions to knowledge; and 

" Provide recommendations for further research. 

9.1 Introduction 
The research undertaken in this Doctorate project focused on product data capture and 

product material profile systems and methodologies for advancing environmental supply 

chain management for product life cycle management decision-making. 

Key findings show that it is possible to integrate supplier product and company 

environmental data into the ecodesign and Product Life Cycle Management systems of 

Nortel Networks. A methodology has been developed for supplier selection using 

component material content data and supplier environmental management performance. A 

component material composition data capture system has been developed and tested. To 

meet the requirements of legislation, the requirements of customers of telecommunications 

equipment manufacturers and ISO 14001 continual improvement through ecodesign 

practices necessitates the capture of component-specific supplier-specific data. 

It is recommended that an internet-enabled component data capture system is implemented 

along with a system for aggregating product material composition to enable the production 

of product material profiles. The component eco-evaluation methodology should be 

integrated into the supplier selection process. If these recommendations are implemented 

the organisation would be in a position to meet the requirements of product legislation and 

customer requests for product information and foster the continual improvement of the 

environmental performance of products. 

9.2 Hypothesis Testing 
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9.2.1 Hypothesis 

Supplier product and company environmental data can be integrated into the 

Ecodesign and Product Life Cycle Management systems of Nortel Networks or any 

telecommunications network solutions company. 

Through the answering of the three research questions that each relate to a programme of 

work in the research project the research hypothesis has been proved. 

9.2.1.1 Research Question 1 

What information needs to be obtained from suppliers to meet the requirements of 

ecodesign, legislation, customer requests and ISO 14001? 

It has been shown that there are four areas within a product life cycle management 

approach for telecommunications equipment that have requirements for, or would benefit 

from, a range of product material or environmental data from the supply chain. 

Customers are increasingly requesting hazardous material declarations and even complete 

material profiles of products. Both the volume and detail of requests for information are 
increasing. Only by capturing detailed product material composition data from suppliers 

can accurate and comprehensive product material profiles be generated for the customers of 
Nortel Networks. 

The consideration of component and material eco-performance during product development 

or ecodesign requires accurate information on component material composition and the 

availability of life cycle inventory data could result in even more informed decisions. 

Detailed product material composition data from suppliers can be used in component 

selection and in environmental performance evaluations of designs. 

To ensure continued compliance with existing, pending and new legislation, particularly on 

material bans, for electronic products requires knowledge of the hazardous materials 

present in the components and materials procured. 

The provision of product material data and a commitment to substituting hazardous 

materials and improving product eco-performance by suppliers are regarded as factors that 

could be integrated into a continual improvement cycle for ISO 14001. 
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9.2.1.2 Research Question 2 

What methods can be used to obtain the information from suppliers? 

Programme 2 of the research project was designed to identify how product environmental 

performance data could be captured from the supply chain. The research has resulted in a 

process for assessing the environmental performance of electronics components suppliers 

and a template for providing product materials data. 

The preferred means of data transfer is online via the Internet. A web-based tool for 

supplier environmental assessment and product data capture has been developed in this 

work. It is feasible for the system for data collection to be integrated with current Nortel 

Networks component databases although further modification of existing systems would be 

required. 

Methods for product material data validation have been investigated but further work is 

required in this area. 

Perhaps the most manageable and cost-effective solution for product material data capture 
from the supply chain is an industry collaborative approach. Three such approaches are 

currently undergoing development and the research detailed in this thesis has contributed to 

the EICTA supply chain management materials declaration template. 

9.2.1.3 Research Question 3 

How can the supplier information be used by the Nortel Networks design community, 
purchasing function, ISO 14001 systems and sales functions? 

A methodology for the eco-evaluation of components from specific suppliers has been 

presented and discussed. The methodology is hierarchical and flexible depending on data 

availability and the required depth of evaluation. It can be used as part of the component 

qualification and supplier selection processes. The objective is to provide an environmental 

performance element to component and supplier selection decision-making. 

The feasibility of generating telecommunications product material profiles from component 

supplier data is assessed. Product material profiles would provide customers with the 

information that is commonly requested and would also provide companies such as Nortel 

Networks with detailed information regarding the propensity of the product to be re-used or 
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recycled. Theoretically the collation of component material declarations with reference to a 

product bill of materials can be achieved. However, the volume of data would be huge for 

complex telecommunications products that may contain tens of thousands of components. 
It may not be feasible to generate detailed material profiles for telecommunications 

equipment at this point in time. 

The hierarchical eco-evaluation methodology would provide a means of checking 

compliance to relevant product-focused legislation and of measuring component 

environmental continual improvement. 

Fundamental to any of the uses of product material composition data is the provision of 

these data by suppliers. It is evident that at the present time suppliers are not in a position to 

be able to provide such data for a wide range of components. In addition, no evidence exists 

that any telecommunications equipment manufacturers are currently capturing complete 

material composition data for all components supplied. 

9.3 MSc and PhD Conclusions 

9.3.1 MSc Research on Validation Techniques for Material Composition 

The validation of material composition data provided by suppliers and the development of 

standardised measurement techniques for components suppliers to use are considered 
important elements of any product material declaration system. An MSc research project 

was designed by the research engineer to investigate the various analytical techniques 

available. 

The conclusions of the research were: 

"Validation of quantitative data can only accurately be carried out if the exact method of 
initial analysis is known and replicable. Different methods of analysis will yield different 

results due to the techniques used, the different sensitivities that each method may have and 
the interference associated with each technique" (Widdowson, 2000). 

Taking into consideration the difficulties associated with the development of a quantitative 

method the methods recommended are: 

" Particle size reduction by grinding to ensure an homogenous powder; 
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" Scanning Electron Microscope/Energy Dispersive X-ray for initial analysis to 

determine the material composition and for the semi-quantitative analysis of 

bromine; 

" Use of a combination of plasma techniques (Inductively Coupled Plasma /Sector 

Mass Spectrometry, Inductively Coupled Plasma/Atomic Emission Spectroscopy) 

to determine quantitatively the elemental composition. 

" Pre-treat the sample by acid/caustic leaching to enable organic compounds to then 

be determined by either High Performance Liquid Chromotography/Mass 

Spectrometry or Gas Chromotography/Mass Spectrometry. 

Further research in this area is required and suggestions provided in section 9.4. 

9.3.2 PhD Research on the Economic Feasibility of Remanufacturing 
An electronics remanufacturing (refurbishment) methodology developed in a PhD research 

project conducted in collaboration with Nortel Networks and this research project yielded 

some interesting results. 

Conclusions from an analysis of the Nortel Networks M7310 business telephone suggest 

that it is economically feasible to remanufacture this type of telephone as opposed to 

demanufacture and recycling. These conclusions support the decision by Nortel Networks 

to remanufacture this product. 

The remanufacturing methodology could be applied to more complex products but would 

be dependant on the provision of product material composition data from the supply chain 

as advocated in this research. 

9.4 Contributions to Knowledge 
The research conducted for this Doctorate has contributed to knowledge in the field of 

Product Life Cycle Management, and particularly Environmental Supply Chain 

Management. 

Key contributions include: 

" Identifying the data that need to be captured from suppliers to meet the 

requirements of legislation, customer requests for information, ecodesign of 
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telecommunications products, and ISO 14001 continual improvement of product 

environmental management; 

" The development and testing of a method to capture both management performance 

and product material data from the supply chain; 

" The creation of a tool to evaluate the environmental performance of production 

related suppliers in the telecommunications industry; and 

" The development of an environmental performance evaluation method for 

commodity qualification and purchasing decision-making. 

Each of these contribution advance the field of Product Life Cycle Management and 

provide the telecommunications industry with knowledge and tools that can be used to 

improve environmental performance. 

9.5 Further Work 

9.5.1 Customer Information Requirements 

One of the findings from the research conducted to answer the first research question on the 

information needed to be captured from suppliers to meet customer information requests is 

that detailed product material composition data are required to meet all customer needs. 

However, it still remains questionable how the information is used by customers, 

particularly in terms of decision-making in vendor selection. This area was to be addressed 

in programme one of the research and a customer questionnaire was designed to obtain 

appropriate information. Unfortunately, the research could not be implemented due to 

strategic decisions restricting access to customers within the sponsoring company. 

It is suggested that further research to investigate how information collected in the 

telecommunications industry "request-for-quotation" process is actually used would 

provide a valuable contribution to knowledge in the field of PLCM and supply chain 

environmental management. Of particular interest would be the extent to which supplier 

and product environmental performance play a part in the vendor selection process at the 

present time and whether they and/or Corporate Social Responsibility are anticipated to 
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play a greater role in the future. The research would have to be conducted independently to 

ensure a broad range of companies is included in the study. 

9.5.2 Social or Sustainability Considerations in Supplier Assessment 

The research conducted focussed on the incorporation of environmental considerations in 

supplier and component selection decision-making. An extension of this research would be 

the investigation of how social, ethical or sustainability considerations can be included in 

the process. This would be particularly interesting for product evaluation. It would seem to 

be a natural progression from evaluation methodologies that have emerged from the 

findings of this research to those that include social impacts. Perhaps even LCA could be 

developed along these lines. 

9.5.3 Analytical Techniques for Component Material Composition 
The MSc research project that was supervised as part of this doctorate research yielded 

some interesting findings on suitable methods for analysing component material 

composition for validation purposes. However, it is clear that more research is needed in 

this area to attempt to develop an industry standard method that can be used by both 

organisations creating materials declarations and those validating or auditing them. 

9.5.4 Material Technology Developments 
Fundamental to improvements in environmental performance of products and processes 

within a manufacturing product-based environment is step change improvements in 

materials technology. The use of less hazardous substances along with recycled material 

and recyclable material contributes to the improved environmental performance of 

products. A considerable volume of research has, and is, being conducted on advancements 

in materials technology and this needs to continue. Interesting research areas include the 

development of shape-memory alloys and bio-degradable/edible product packaging. 
Currently of vital importance to the electronics industry is the identification and 
implementation of suitable replacements for lead-based solder and halogenated flame 

retardants. It is likely that environmental regulation (particularly substance bans) will 

continue to drive developments in new materials. 
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9.5.5 Product Environmental Profiles 
It has been concluded that the creation of product material profiles for complex 

telecommunications products is not a simple process and requires the creator to establish 

certain rules that may limit the accuracy of the profile. Further research is required on how 

material profiles can be created for large volumes of products in an organisation and how 

the information can be best presented to a customer as part of a Product Environmental 

Profile. 
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Appendix I. 

Ecodesign Checklists 



Appendix I Ecodesign Checklists 

GENERAL ECO-DESIGN CHECKLIST (Clark and Charter, 1999) 

For each issue or life cycle stage consider appropriate design objectives or attributes, and whether 
these have been met or adequately considered. 

No Design considerations Y N N/A Comments 
A ENVIRONMENTAL CONCERNS/ISSUES 
1 Are the environmental aspects/impacts of the 

component/assembly or design judged to be 
significant (ie of actual/potential concern) by 
virtue of 
a) Regulatory requirements (eg draft WEEE 

Directive see A. 2 below) 
b) Customer requirements 
c) Environmental load (eg quantity, toxicity, 

energy consumption) 
d) Other 

Considering 
i) Materials sourcing 
ii) Manufacture and distribution 
iii) Use 
iv) 'End of life' 

2 Is the WEEE Directive potentially relevant? 
(see Checklists 4.3and 5.3) 
a) Relevant appliance applications 
b) Relevant hazardous substances 
c) Plastic parts weigh more than 25grams? 

(require materials coding) 
d) The componentlassembly creates other 

problems for 'end of life' disassembly, 
recovery, recycling or disposal? 

(Is disassemly easy? Are materials recyclable) 

B SYSTEM DESIGN 
Have the following been considered? 
Design for simplicity 

reduced complexity of enclosures and 
assemblies 

- fewer parts 
- multifunctional parts eg single 

fastener 

- using common parts in different 
designs 

2 Design of multifunctional products 
- parallel (several purposes 

for same product) 
- sequential (product retired to 

secondary use) 
3 Design for source reduction 

(reduced mass) 



- reduction of physical 
dimension 

- lighter weight materials 
thinner enclosures 

- reduced mass of key components 
- reduced weight or complexity of 

packaging 
- electronic documentation 

4 Design for longevity 
is longevity feasible? 

- does durability mean denser 
materials and compromise 
disassembly and recovery? 

C MATERIALS SOURCING 
1 Are recycled materials specified 

where possible? 
- for product materials 
- for packaging 
Is this economically and technically 
feasible? 

2 Are scarce resources avoided? 
3 Are materials form environmentally 

responsible raw material conversion, 
manufacturing processes or 
suppliers? 

4 Are hazardous materials 
minimised/avoided? 

D MANUFACTURING AND 
DISTRIBUTION 

1 Is the component/assembly designed 
for energy conservation 

in manufacture 
in distribution logistics 

2 Is the component/assembly designed 
for 
waste minimisation in manufacture 
Are usable containers used? 

3 Is the component/assembly designed 
to minimise the following in the 
manufacturing process 
- air and water pollution 
- water use 
- materials use 



other environmental effects 

E USE 
Is the product designed for 

1 Minimum power consumption in use? 
2 Minimum packaging? 
3 Minimum consumable use? 
3 Minimum waste consumables in use (eg 

batteries)? 
4 Serviceability (replacement of parts without 

disposing of whole assembly or 
equipment) 

5 Longevity ? 
6 Durability ? 

Does durability mean denser 
materials and compromise 
disassembly and recovery 

7 Accident prevention 
F `END OF LIFE': Design for re-use, 

disassembly and recycling 
1 Is component recovery feasible? 

Is there a market? 
If so, has design for disassembly and 
component recovery been considered, 
including 

a) Design for non-destructive 
removal 

b) Design for speedy diagnosis and 
refurbishment 

c) Design for closed loop 
manufacturing 

d) Design for use in secondary 
applications 

2 Is material recovery feasible or 
required? 
- Is there a market for the material? 
- Is there separation and recycling 
technology and infrastructure? 

- Is there any other requirement for 
material separation (eg removal of 
hazardous materials before 
disposal)? 
If so has design for disassembly, 
separability and material recovery 
been considered, wherever possible 
and without compromising safety 
and performance? 



Consider the following 
3 Have the following been specified or 

achieved? 

a) Materials 

- Material combinations compatible for 

recycling 
- Use of recyclable materials (or at least 

60% of the total) 
- Grouping hazardous or non recyclable 

components 
- Aluminium in preference to steel 
- 'Commonly used' rather than 'exotic' 

materials 
- Thermoplastics in preference to 

thermosetting materials (eg rubber, GRP, 
CF composites) 

- Use of compatible polymers (eg PC and ABS) 
- use of integral finishes and labels 

b) Assembly/ disassembly methods 
Is the component/ assembly designed for ease of 
assembly and for separability? 
- Simple component mechanisms and 

orientation 

- Provision for grasping parts 
- Use of screws in preference to rivets 
- 'Snap fit' or spring clips in preference to 

threaded fasteners where possible 
- Common fasteners 
- Fastening points accessible, visible and 

clearly marked 
- Use of standard screwheads 
- Screws which are in contact with 

mouldings easy to get at 
- Use of alternative bonding 
methods 
- Use of detachable leads and push in plugs 

rather than solder 
- Value parts easily accessible? 
- Moulded-in inserts made of compatible 

materials 
- Where incompatible materials have been 

used, inserts easily broken off? 
- Assemblies and components removable 

with a standard tool? 
- 'Break out' points been designed into 

mouldings? 
c) Information 

- Material coding symbols moulded into 
plastic parts in accordance with ISO 
11469 

- Type and grade of cast materials moulded 
or stamped on items as appropriate, and 
located 



such that subsequently not machined off? 
- Non-toxic substances in preference to 

toxic 
- Toxic substances labelled 

- Integral finishes and labels 

- Stamping, engraving, moulding, etc in 
preference to labelling 

- Instructions/ information to customers, 
equipment producers, recyclers on 
dismantling 

4 Have the following been minimised? 
- Component count 
- Material mass 
- Number of different materials 
- Non-recycable materials 
- Number of connection points 
- Number of fasteners 

- Number of fastener variations 
- Fasteners of materials compatible 
with 

parts connected 
- Screw connections? 
- Numbers and types of screws 

- Adhesives and welds between 
components which may be 

separated or 
between incompatible materials 

5 Have the following been avoided ? 

- Mechanisms which complicate 
assembly/disassembly 

- Moulded-in metal inserts/parts in 
plastics 
- Nuts and bolts 

- Deep access holes for screws 
- Dissimilar metal inserts in 
aluminium 
- Adhesives incompatible with the parts 

being joined 

- Thermosetting materials 
- Painted parts 
- Use of labels on recyclable items 
- Adhesive-backed foams 



PRe Consultants - Qualitative Guidelines for Designers 

1. Do not design products 
Do not design "green" products but design environmentally sound product life cycles. 
That is to take into account all processes that occur during the life cycle, from cradle to 
grave, or better, from cradle to cradle. 
A simple way to document your findings is the MET matrix (MET= Materials, Energy, 
Toxicity). Just write down some of the most important facts in a matrix as indicated 
below. 

The MET Matrix Materials Energy Toxicity 
Production ......... Use ......... Disposal ......... 

2. Natural materials are not always better 
It is commonly believed that "natural" materials are preferred above "artificial" or man 
made materials. Of course the production of 1 kg of wood causes less emissions than the 
production of 1 kg of plastic. But have you thought about the paint, the sawing losses? 
In some products you would need about ten times as much wood as plastic. Plastic can be 
recycled, wood cannot. Can you really compare on a kilogram basis? 

3. Energy consumption: underestimated 
Many designers focus their attention on material selection. This is not always justified. If 
a product consumes energy in the use phase, there is a ten to one chance that energy 
consumption is dominant. People normally underestimate the environmental impacts of 
energy. 
Perhaps these simple examples may help you: 

10 kWh electricity uses 2 kg of oil 
1 kg of plastic uses 1,5 to 2,5 kg of oil 
A coffee machine uses 300 kWh electricity during its lifetime, equal to 60 kg of oil. 
During production only 2 kg of plastic is used. 

4. Increase product life time 
A designer can influence the product life time in several ways. Make it more durable 
from a technical point of view, make it upgradeable (allowing to place the latest chip in a 
computer or washing machine). 
More important, try to design the product in such a way people will feel attached to it. 
Many products are not thrown away because they are broken, but because people got 
bored with them. 

5. Do not design products but services 
People do not always want a product. They want a solution for a certain problem. 
Sometimes a service can be a good solution, like the launderette, instead of many 



individual washing machines. A good example is also the various car sharing systems 
currently setup in the Netherlands. 

6. Use a minimum of material 
This may seem obvious, but it is more complex than you think. Often it is possible to 
reduce the amount of material by critically looking at dimensions, required strength and 
production techniques. 
It can even be beneficial to use materials that have a high environmental load per 
kilogram, if you can save weight. This is particularly true in transport equipment, where 
less weight means less fuel consumption. The Eco-indicator method is well suited to 
make such assessments. 

7. Use recycled materials 
Do not only make your product recyclable, but use recycled material. If every designer 
only makes products recyclable, there will never be a demand for recycled materials in 
the future. If there is a demand for recycled materials the supply will follow certainly. 

8. Make your product recyclable 
Most products could be recycled, but only few will. Only products that are disassembled 
easily and have a high enough yield will be chosen for recycling. A designer can 
increase the chance that the product is recycled by optimizing its design. 
The steel part of a car is recycled; the plastic parts are normally not recycled as various 
plastics are used. However the Volvo's made in Holland have a bumper that is made of 
one type of PP without a lacquer. It is very beneficial to recycle these parts when taken 
from a car in a few seconds. 

TV's can be recycled. It is even economical to recycle the plastic housing since is 
contains a high grade and therefore expensive plastic. Philips is recycling the glass of TV 
screens. 

There are a few simple rules to keep in mind. 

If you want to recycle thermoplastics: 
-Do not use a lacquer 

-Do not paste paper stickers on the plastic 
-Do not combine different plastics. Particularly do not mix PVC and nylon in other 
plastics. 

If you want to recycle steel parts, be careful not to get to much copper in the melt. 

If you want to recycle thermo-sets or textile, think twice. It has no use. It is better to burn 
them and reclaim the energy. 

9. Ask stupid questions! 



Very often decisions are based on common practice: "we have always done it this way 
and it worked well". We made huge improvements in the environmental performance of 
products, by simply asking the very obvious. We use the stupid question as a tool. 
A company used 3 kg of raw material to make 1 kg polyester. After asking the same 
stupid question ("why") again and again, it was discovered it could be done in another 
way, wasting just less than 500 gram. 
A company makes a packaging that should keep the contents fresh for 18 months. After 
some critical questions it was discovered that their products were consumed within 3 
months. This gave way for completely different solutions. 
Rainwater piping traditionally has a diameter of 80 mm in the Netherlands. After 
studying building regulations and a simple optimization of the hydraulic properties of the 
water inlet, we found 30 mm was sufficient. 
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Appendix II Nortel Networks Customer Environmental Questionnaire 

Category 1- The Objectives of your Requests for Environmental Information 

Office Use Only 
Q. 1. What are your drivers for obtaining environmental information from 
Nortel? 

Q ISO 14001AI 
Q PolicyA2 
Q Legislation" 
Q StewardshipAR 
Q Marketing/Customer requirementsA16 
Q Other ( please specify below) ... A32 

Q. 2. Does your company consider company or product environmental 
performance as a competitive issue? 

Company Product 

Q YesBI Q YesB4 
Q NOB2 Q Noss 

Category 2- Your Supplier Questionnaire 

Office Use Only 
Q. 1. Are metrics in place to assess Nortel's environmental performance 
from the answers provided in your questionnaire? 

Q Yesc' 
Q Noc' 

Q. 2. Are the questions in your questionnaire weighted in any way? 

Q Yes (go to Q. 3. )DI 
Q No (go to Q. 5)°ß 

Q. 3. How are the weightings derived? e1(Please continue over leaf) 



Q. 4. Is there a minimum score for bid approval? 

Q YesF1 (Please specify ) 
Q NoF2 

Q. 5. If metrics are not used, what aspects of environmental management 
are considered most important? (please circle) 

»»>Increasing importance »»> 
Company Policy 1234 5G1 

Environmental Management System 1234 5G2 
Product (Design for Environment) 1234 504 
Product Take-back (end-of-life) 1234 5G8 
Site performance 1234 5016 

Category 3- Use of Your Supplier Questionnaire Results 

Office Use Only 
Q. 1. How does environmental performance compare in importance to 
other selection criteria in the bid process? (please circle) 

»»>Increasing importance »»> 
Cost 1234 5H' 
Quality 1234 5H2 
Company stability 1234 5H4 
Technology 1234 5H8 

Service 1234 5H16 
Reliability 1234 5H32 
Warrantee 1234 5H64 
Environmental performance 1234 5H129 



Q. 2. Does the company envisage environmental performance becoming 
increasingly significant in the supplier selection process? 

Q Yes" Go to Q. 3 
Q No12 Go to Q. 4 

Q. 3. Can you specify when environmental performance is likely to be 
significant in the supplier selection process? 

Q lYear" 
Q 1- 2 YearsJ2 
Q 2-3 Years" 
Q3-4 Years" 
Q Never" 

Q. 4. Do you envisage a point in time when ISO 14001 accreditation will 
be considered a satisfactory indicator of supplier environmental 
performance/commitment? 

Q Yes'" Go to Q. S. 
QNo12 Go to Q. 6. 

Q. S. Would your company then consider product specific environmental 
performance as a specific differentiator between products on the market. 

Q Yes'-' 
Q No'-2 

Q. 6. Would you consider a voluntary declaration or eco-label sufficient for 
product environmental imformation (e. g. ECMA, SITO, Blue Angel, 
Nordic Swan etc.. )? 

Q YesTM' (Please specify below) 
Q NoTM2 

Thank you for completing the questionnaire. Please return it to Carl Mead, 
Environmental Research Engineer, Materials and Design Technology, Nortel 
Technology, Harlow, Essex, CM17 9NA, UK. 
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BELL CANADA ENVIRONMENT QUESTIONNAIRE 
SUPPLY SERVICES SV 1216E - ISSUE 1/ 1996-07 

Impact on the environment 

Bell Canada is committed to environmental protection. As part of its environmental program, the 
company is asking its supplier community to participate in the spirit of this commitment. As 
such, the company will seek out suppliers who can demonstrate that they have made serious and 
sustained efforts to minimize the environmental impacts of their operations, products and 
services. The questionnaire allows potential suppliers to demonstrate to Bell Canada the extent of 
their commitment to environmental protection. 

Part A of the questionnaire focuses on the overall approach to structuring an environmental 
program. This includes establishment of policy, resource allocation and identification and 
management of environmental issues; in short, the state of evolution of the company's 
Environmental Management System. In this respect, companies are encouraged to avail 
themselves of existing guidelines for the establishment of Environmental Management Systems 
(such as those available from the Canadian Standards Association), and to ultimately align their 
systems with the ISO 14000 series of EMS documents, scheduled for publication in 1996. 

Part B of the questionnaire measures whether a supplier has accepted Product Stewardship 
responsibilities. Bell Canada supports the concept of Product Stewardship. This may be briefly 
stated as the expectation that those who bring a product or service to market (typically the 
manufacturer) will bear a share of the responsibility for minimizing the environmental impacts at 
all stages of the product life cycle from manufacturing through to final disposal. 

Please note that each question is worth a certain number of points, with a possible maximum 
score of 100. 

Potential suppliers should recognize that their score will be one consideration in the supplier 
selection process, along with price, delivery time, performance, quality and other factors. This 
questionnaire reinforces our position that suppliers can gain a competitive advantage by 
demonstrating the superior environmental performance of their operations, and their products and 
services. 

Confidential when filled, keep this document as quality record Page 1 of 6 



ENVIRONMENT QUESTIONNAIRE BELL CANADA 
SV 1216E - ISSUE 1/ 1996-07 SUPPLY SERVICES 

PART A: ENVIRONMENTAL PROGRAM 

To complete this questionnaire simply enter the appropriate score for your answer in the right 
hand box. 

Score 

1. Has a written preparatory environmental review of your company been 
carried out ? Yes (8) No (0) 

2. Have you a written environmental policy statement signed at Company 
Director level ? Yes (4) No (0) 

3. Is overall responsibility for environmental issues at Company Director 
level ? Yes (2) No (0) 

4. Have you allocated responsibilities to implement the policy ? Yes (2) No (0) 

5. Have you allocated resources to implement the policy ? Yes (2) No (0) 

6. Do environmental issues form part of the training program for all staff ? 
Yes (3) No (0) 

7. Is there a mechanism in place within the company to deal with public 
inquiries and concerns with respect to environmental matters ? Yes (2) No (0) 

8. Have you identified and documented: 

a) Legislation relevant to the environment aspects of your company's 
operations ? Yes (2) No (0) 

b) The significant environmental aspects and impacts, associated with 
your company's activities, products and services ? Yes (2) No (0) 

I 

II 

I 

II 

II 

I 

ý 

ý 

II 

9. Have you set yourselves quantified objectives and targets for environmental improvement ? 

Yes (7) No (0) 
C 

10. Do you have you a plan for implementing these objectives and targets with set 
time frames ? Yes (5) No (0) 
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BELL CANADA ENVIRONMENT QUESTIONNAIRE 
SUPPLY SERVICES SV 1216E - ISSUE 1/ 1996-07 

11. Do you make the following available to the public: 

a) Your Environmental Policy Statement ? Yes (2) No (0 ) 

b) Your objectives, targets and progress on achievements ? Yes (2) No (0 ) 

c) Your company's listing of environmental aspects 
and impacts ? Yes (2) No (0 ) 

12. Do you have a written, formal, environmental management system ? 
Yes (3) No (0) 

13. Does your management system include the environmental appraisal 
of suppliers and sub-contractors, including waste disposal contractors ? 

Yes (4) No (0) 

14. Has the management system been implemented on : 
a) site basis (1) or 
b) a national basis (2) or 
c) a company-wide basis (3) ? 

Companies with only one site, answer c) 

15. Has an on-going environmental audit and review program been 
implemented ? Yes (5) No (0) 

Potential suppliers are asked to respond to the following question, for which no points are 
awarded. 

16. Has your company been convicted of an environment related offense, 
or does it have any pending environment related notices of infraction 
or litigation ? Yes No 

If yes, provide brief details below. 

Score Part A (Maximum 60 ) 

Score 

II 

II 
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ENVIRONMENT QUESTIONNAIRE BELL CANADA 
SV 1216E - ISSUE 1/ 1996-07 SUPPLY SERVICES 

PART B: PRODUCT STEWARDSHIP 

To complete this questionnaire simply enter the appropriate score for your answer in the right 
hand box. 

Score 

1. Has a full cycle environmental evaluation been carried out on the 
product or service you are offering: 
a) Identifying Life Cycle stages ? Yes (1) No (0) 
b) Identifying environmental effects ? Yes (3) No (0) 
c) Including measurement of significant environmental effects ? 

Yes (3) No (0) 

2. Is the product labeled to inform the user of any relevant environmental 
information such as disposal information ? Yes (2) No (0) 

3. Have your packaging designers used the "Canadian Code of Preferred Packaging 
Practices" guideline, or equivalent (Specify ), in designing 
the packaging ? Yes (2) No (0) 

4. Is the packaging for the item: 

a) The minimum necessary for protection ? 
b) Of recycled material ? 

c) Capable of being recycled ? 
d) Re-usable ? 

5. Has the product been produced from recycled materials ? 

6. Is the item designed for disassembly and recycling ? 

Yes (2) No (0) 
Yes (1) No (0) 
Yes (1) No (0) 
Yes (2) No (0) 

I 

II 

I 

e Yes (4) No (0) 

Yes (4) No (0) 

7. To what extent can the product be recycled ? 
(This should be both practically and economically feasible) 
Extent by weight is greater than or equal to: 

a) 20% (1) or b) 40% (2) or c) 60% (3) or 
d) 80% (4) or e) 100% (5) 

8. Is there a return loop in place - an existing logistical route to return 
the item to the supplier or its agent for: 

a) Responsible disposal? Yes (4) No (0) 
b) Recycling? Yes (6) No (0) 

II 

II 
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BELL CANADA ENVIRONMENT QUESTIONNAIRE 
SUPPLY SERVICES SV 1216E - ISSUE 1/ 1996-07 

Suppliers are asked to answer to the following questions, for which no points are awarded. 

9. Is the product or service you wish to supply free from any emissions to air or water 
which have an adverse environmental effect when in use or during maintenance, such 
as emissions of solvents: CFCs, NOx, Sox, CO, ozone, particulate, carcinogens, 
hydrocarbons and so on? Yes No 

If no, please supply details for individual assessment by Bell Canada 

10. Does the product contain any substances or material, that, at the end of its useful life would 
be classified as hazardous waste in the Canadian provinces of Quebec and Ontario? 

Yes No 

If yes, please supply details separately for individual assessment by Bell Canada 

Score Part B (Maximum 40) 

+ Score Part A (Maximum 60) 

= Overall Score (Maximum 100) 

I 

I 

I 

I 
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ENVIRONMENT QUESTIONNAIRE BELL CANADA 
SV 1216E - ISSUE 1/ 1996-07 SUPPLY SERVICES 

CERTIFICATION OF ABOVE DATA 

The information contained in this questionnaire is certified to be complete and accurate. 
Name & Title: 
Telephone/Fax numbers: 
Attachments provided (Specify) 
Signature and Date : 

RESERVED FOR BELL CANADA 

Questionnaire sent by/date: 

Received by/date: 

Additional information needed, See SV 1220 

Specify: 

Further action: 

Remarks: 
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Request For Quotation 

Point-to-Multipoint 

Broadband Fixed Wireless Access 

- General Safety and Environmental requirements for 
equipment and materials - 

July 20,1998 

Department of infrastructure 

Unisource Belgium 

2. Requirements relating to the use of toxic substances 

1. Unisource Belgium states that products and/or preparations in which the substances 
and preparations referred to in § 8.2.2.5 occur 

(such as, for example, PCBs) shall not be used unless expressly required by 
Unisource Belgium and the use of the substances and 

preparations referred to is not subject to a ban (for that particular application). 
2. If use is permitted, these substances shall be embedded in such a way in the 

equipment that they do not present any problem in 
normal use (including maintenance) of the product in the worst conceivable case. 

These and possibly other substances as well, 
may, however, present problems if a fault occurs in the equipment or if the products 

enter the waste stage. A simple and safe 
procedure to be adopted in such a case shall be specified at the time of delivery. 

3. The supplier has a duty to submit and carry out a reliable replacement and removal 
procedure for products and equipment - or 

components thereof - which have been delivered to Unisource Belgium by the 
supplier and which contain substances which are 

not, or are no longer, permitted by the regulations of the EEC or by national 
regulations for reasons of health or environmental risk. 

If the termination of the permission for "reasons of health or environmental risk" is 
based exclusively on rules imposed by 

Unisource Belgium itself, Unisource Belgium may agree a reliable replacement and 
removal procedure with the supplier. A 

reliable performance of this procedure by or on behalf of Unisource Belgium does not 
affect any guarantee procedure. 
4. These regulations are applicable for the agreed service life. 



5. Substances which shall not be incorporated in operational and control equipment to 
be used by Unisource Belgium are, for 

example: 

- beryllium and beryllium compounds (including heat-conducting paste based on 
beryllium oxide); 

- toluene diisocyanate (2-methyl-1,4-phenylene diisocyanate); 

- formaldehyde; 

- asbestos and asbestos-containing products; 

- epichlorohydrine; 

- polycyclic aromatic hydrocarbons; 

- benzidine; 

- prohibited pesticides; 

- chlorinated paraffins; 

- PCB; 

- PCP; 

- PCPL; 

- CFCs and their equivalents causing the greenhouse effect and depleting the ozone 
layer; 

- substances causing lasting corrosion. 

6. Substances of which limited use may be made in consultation with Unisource 
Belgium and subject to the prevailing legal 

requirements are: 

- PVC and PVDC, particularly in products with a long life (10 years or more); 

- mercury and mercury compounds 

- adhesive joints between parts which have to be separated in the recycling process; 

pigments based on heavy metals; 
substances releasing harmful gases when burnt (for example chlorine). 



1. Production of harmful substances and/or products 

If products are delivered which produce harmful substances, for example gases, during 
normal use, the manufacturer shall inform 
Unisource Belgium of this prior to delivery. 



Swedish Railways Environmental Questionnaire 

1) The tenderer shall, in the tender, specify standards, prestandards 
and European directives, concerning environmental matters, the 
equipment offered supports. 

*Question TRd0457: The tenderer shall, in the tender, specify 
standards used in the construction, showing what standard has been used 
for different parts of the equipment, from single component types to 
assembled units. 

*Question TR0460: A description of the suggested material including 
adequate information on its properties shall be provided. 

*Question TR0461: The contractor shall provide an environmental 
recycling diagram of all parts included in the delivered products. 

*Question TR0462: Any parts, delivered by the contractor, to be 
recycled, hazardous to environment, shall by guarantee be taken care of 
by the contractor. 

*Question TR0463: No substances, chemical or other additives, forbidden 
by Swedish or European law may exist in the manufacturing of the 
product or in the product. 

*Question TR0464: Units containing components with substances hazardous 
to health or environment must be marked with a warning label (black 
text on yellow background). 
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Division, name 

NORMAL ECO-DECLARATION 

Date 

1997-04-04 
Reference 

Within Telia AB there is in full progress a development towards an increased 
environmental consciousness both with regard to the products which are 
marketed, and to the products which are used within the company. Telia AB 
has adopted an environmental program which among other things implies that 
ecological aspects in the buying activities shall be taken into consideration. 
Our objective is only to cooperate with contractors which in a serious and 
targeted way are working at minimizing environmental stress from their 
activities. As a part in this endeavour we collect the following information, 

which will constitute a part of the data on which a decision is based at selection of contractor. 
Sections marked with a cross in the table of contents shall be answered! 

TABLE OF CONTENTS 
QA ECO-MANAGEMENT SYSTEM ............... 3 EVALUATION OF THE COMPANY 
QB ECO-LABELLING ....................................... 6 EVALUATION OF THE PRODUCT 

C MANUFACTURING .................................... 7 -"- 
D USE ................................................................. 9 -"- 

E WASTE PRODUCTS 9 -"- ................................... 
F MATERIALS/SUBSTANCES ...................... 9 "- 

G PACKING ..................................................... 9 

HERE THE GENERAL QUESTIONS CEASE. 
THE DETAILED. QUESTIONS BELOW 
SHALL BE ANSWERED IF NECESSARY. 

QH ELECTRONIC CONSTRUCTION ............ 9 EVALUATION OF TILE PRODUCT, DETAIL 
QI BATTERIES ................................................... 9 QUESTIONS 

QJ RACKS/CA BINETS/MECHANICAL 
STRUCTURE UMASTS ..................................... 9 "- 

QK PAPER PRODUCTS .................................... 9 "- 
QL MACHINE CONTRACTORS ..................... 9 

General information about the company: 

Name of the company Organization number Date 

Address Postal address Telephone 

Contact Position Telephone 

Fax 

Tax 

Reponsible for given information Position Telephone Fax 

Signature Clarification of signature 

Registered office: Stockholm Reg. No. xxxxxx-xx 
Telia AB (publ) Postadress Telefon Fax 

Nat 08-713 xx xx 08-713 xx xx 
S-123 86 Farsta Inat +468 713 xx xx 
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Date 

1997-04-04 

The Eco-declaration shall cover the products which are included in the offer. Please, specify these 
below: 
No. Products (or groups of Products) Designation 

i 
z 
3 
4 
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Date 

1997-04-04 

DIRECTIONS 

Immediately after each question there follows two or more answer alternatives of the type No, Yes 
or the like. These shall he marked with an X in respective square. For columns there are sometimes 
certain answer alternatives given within brackets. A (%) indicates that the answer shall be given in 
per cent, and (YIN/? ) indicates that the answer shall be given with Y for Yes, N for No, or ? for 
Don't know. 

For filling in the inquiry applies that part A shall only he answered once per company. As from part 
B the questions shall he answered per product (incl. subproducts), i. e. if you offer a number of pro- 
ducts, the questionnaire shall he filled in for each product as from point B. 

The answers to the questions shall be written directly in the Word document and be saved on 
diskette. All answers shall be given directly in the space. for the answers just below respective 
question. The space for answers will extend automatically and give more space if one proceeds 
writing when one has reached the end of the line. 

If more lines are wanted, this can be achieved by placing the cursor to the right of the bottom line 
and pressing Enter. Lines can be deleted by marking these and select "Cut" in the Edit-menu. 

A ECO-MANAGEMENT SYSTEM 

A. l Have you introduced any Eco-management system ? 
Yes: Specify below: 

No 

Company/Plant Eco-management systenml Certification/Registration No. Introduced, date 

A. l. a If you have introduced an Eco-management system of your own, please describe below 
or enclose information separately. 

Description of the Eco-management system 

A. 2 Have by you utilized contractors introduced any Eco-management system? 
Yes: some contractors, which in total represent 
No 

Contractor/Plant Type of contractor 

17( of bought quantity. Specify below: 

Eco-management system2 Introduced, date 

A. 3 Are there any plans to introduce any Eco-management system? 
Yes: Specify below: 

No: 

Company/Plant Eco-management system 3 

EMAS, ISO 14001,13S 7750 or corresponding, and own internal system. 
2 EMAS, ISO 14001,13S 7750 or corresponding. 

Certitication/Registration No. Planned date 

3 EMAS, ISO 14001,13S 7750 or corresponding and internal system. 
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A. 4 Has your company any written Eco-policy? 
Yes: Specify Eco-policy below: 

No: But we will have introduced a written Eco-policy: 

No 

Environ policy 

A. 5 Has your company any written Eco-goals ? 
Yes: specify the most important (max 10) below: 

No: but we will have introduced written Eco-goals 

No 

No Eco- goals 
i 

z 
3 
4 
5 

Date ° 

A. 6 Has your company any written action programs to achieve the Eco-goals? 
Yes: specify briefly below your action programs to achieve the Eco-goals under A5: 
No: but we will have introduced written action programs to achieve the Eco-goals under A5: 

No 

No. Brief account of your Eco-programs 
I 
ý 

3 
4 
5 

A. 7 Do you report on the Eco-work in public? 
Yes: specify below, and enclose the latest issues: 
No: but we will report on the Eco-work in public as from: 
No 

Introduced date: 

(date). 

(date). 

Issue where the Eco-work is reported` Date of the issue Related to period 

A. 8 Are there any employees6 appointed to work with Eco-questions? 
Yes: specify below: 
No 

Name Telephone Position 

Date 

1997-04-04 

(date). 

Field of responsibility 

(date). 

Date when the environmental goals are expected to have been fulfilled. 
5 In the annual report, separate report or other issue. 
6 Head of environmental section, environmental coordinator or the like. 
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Date 

1997-04-04 

A. 9 Have the employees of the company had any Eco-training? 
Yes: specify below: 
No 

Position Number of Number Year 7 Type of Eco-training 
persons of days 

A. 10 Are Eco-revisions performed at your company? 
Yes: regularly with 
Yes: not regularly. Specify below: 
No 

Ars intervall. Ange nedan: 

Performed by (Name and Company) Telephone Internal/External Date, latest revision 

A. 11 Do you make Eco-demands on your most important contractors, beyond demands 
from laws and authorities? 

Yes: specify below: 
No 

Contractor Eco-demands 

B 

Please, specify information of present year and two years back. 
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ECO-DECLARATION Page. 
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Date 

1997-04-04 

As from now on (section B), the questions shall be answered per product (incl. subproducts), i. e. if 
you offer a number of products, the questionnaire shall be filled in. for each product as from point 
B. 

If you offer a number of products, please copy the original Word file so that each product gets a 
separate Word file of its own. Do give the files names which can be associated with the product in 
question. 

Specify product 

B. 1 Is the product marked with any voluntary Eco-labelling R? 
Yes: specify below voluntary Eco-labelling: 
No: no voluntary Eco-labelling exists for the product group. 
No 

Products/Components Eco-labelling Registration No. Introduced date 

C 

For instance SIS Eco-labelling (the Swan), the EU-flower, Blauer Umweltengel (The blue angel), TCO 95, Energy Star 
(E*) etc. 
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1997-04-04 

MANUFACTURING 

C. 1 Does your activity require permission or other duty to notify according to Eco- 

protection legislation? 9 
No 
Yes: Duty to notify. 
Yes: Permission. Specify permission below and enclose latest environmental report: 

Decision-making Date of Name of the plant The permission relates to Type of per- 
authority decision mission 10 

C. 2 Do there, at the manufacturing of the product, exist any substances listed by the 
Swedish National Chemicals Inspectorate in the List of restricted chemical substances 
in Sweden, the latest updating? 

No 
Don't know 
Yes: specify substances and emissions, if any, and answer question C. 3: 

Chemical Substance 
Symbol 

Emission to Emission to Emission to 
air (Y/N/? ) water(Y/N/? ) earth (Y/N/? ) 

C. 3 Are you working at trying to limit the existence of the substances in the manufacturing 
which have been specified under question C. 2? 

Yes: specify measurements for improvement below: 

No 

Chemical Substance Measurements of improvement Date 11 

Symbol 

C. 4 Do you use detergents/degreasing compounds at manufacturing of the offered 
product? 

No 
Not relevant 
Yes: specify the detergents below: 

Detergent/degreas- Product Concentration 
ing compound 
(active substance) 

Used volume (estimated) 

9 It may be doubtful to compare companies according to permission/duty to notify. Different rules are for instance in 
force in different countries, which may result in diffrent evaluation for the same environmental stress. The question 
therefore only shall be answered by Swedish companies. 

10 Permission class A or B according to the directions of the National Swedish Environment Protection Board. 
11 Date when the measurements of improvement are expected to have been introduced. 
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Date 
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USE 

D. 1 Can there, at use of the product, occur emissions of any substances listed by the 
Swedish National Chemicals Inspectorate in the List of restricted chemical substances 
in Sweden, the latest updating? 

No 
Don't know 
Yes: specify emissions of these substances to air, water and earth: 

Chemical Substance Emission to Emission to Emission to 
Symbol air (Y/N/? ) water (Y/N/? ) earth (Y/N/? ) 

D. 2 Can use and maintenance of the product/subproduct cause known environmental and 
health hazards12? 

No 
Yes: specify below: 

Environmental-/health hazard 

E 

Operating conditions, Comments Product/subproduct 

12 For instance normal use, abnormal operating conditions, accident, repair/maintenance, fire etc. 
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WASTE PRODUCTS 

Date 

1997-04-04 

E. 1 Is the company connected to a system for re-use or recycling of material of the 
product? 

Yes: `% of the product is included. Specify below: 

No 

System Description Product/subproduct 

E. 2 Has there, at the construction of the product, any measures been taken to facilitate 
recycling"? 

Yes: for % of the product such measures have been taken at the construction. Specify below. 

No 

Construction measures to facilitate recycling 

E. 3 Is there any informationla available to facilitate recycling15? 
Yes: for `% of the product such information is available. Specify below. 

No 

Information to facilitate recycling Source of information, Language 

E. 4 Are all plastic parts marked according to ISO 11469? 
Yes 
Not relevant 
No If no, specify part, type of plastic and reasons: 

Part Type of plastic 

E. 5 The marking of the product, how is it made? 
Marking in cast 
Laser 
Ink jet 
Warm-pressing 
Other Indicate below: 

Part Other marking (type) 

Product/subproduct 

Product/subproduct 

Statement of reasons 

13 For instance easiness to separate (not glueing and welding) different types of materials, no special tools are necessary 
for dismounting etc. 

14 For instance in the directions for use, separate document etc. 
15 For instance directions for dismounting, declaration of contents etc. 

Statement of reasons 
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Date 

1997-04-04 

E. 6 Can you in the present situation, or are you planning to, take used products back for 

material recycling if Telia so desires? 

R Yes: % of the product we can take back in the present situation. 
No: but we will be able to take % of the products back in year: 
No 

F 
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MATERIALS/SUBSTANCES 

Date 

1997-04-04 

F. 1 Does the product contain any substance listed by the Swedish National Chemicals In- 
spectorate in the List of restricted chemical substances in Sweden, the latest updating? 

No 
Don't know 
Yes: specify substances below: 

Chemical symbol Substance Statement of reasons Product/subproduct 

F. 2 Is flame retarding agent used in any form in the product? 
No 
Yes If yes, specify product, flame retarding agent (substance) and Reason 

Part Flame retarding agent/substance Statement of reasons 

F. 3 Are alloys of metals used in the product? 

Ye Yes: If yes, specify part and reason 

Part Statement of reasons 

F. 3. a If alloyed metals are used, specify which metal alloys that are used, where they can be 
found (in the product), and the total weight. 

Alloy of metals Part Weight (kg) 

F. 4 Does PVC constitute a part in the product (and in cable)? 
No 
Yes If yes, answer remaining questions under F. 4 

F. 4. a If PVC is used, specify in which part it constitutes a part, type of material and reason ! 

Part Type (cable, socket etc. ) Statement of reasons 

F. 4. b Does PVC contain chloro alkanes C10_13, or organic tin compounds? 
No 
Yes 

F. 4. c Specify below which softening agents and stabilizers that constitute parts in the used 
PVC-product. 

Part Type (cable, socket etc. ) Stabilizer (chemical symbol etc) 
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Date 

1997-04-04 

Part Type (cable, socket etc. ) Softening agent (chemical symbol etc) 

Page. 
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F. 5 Specify per product in respective category16 up to 98 % of total weigth and volume the 
materials/combination of materials which constitutes the largest part. 
Racks/Mechanics and Packings are specified under respective point. 

Category Included materials / combination 

of materials (chemical symbol or 
the like) 

Weight 

% 

Weight 

(kg) 

Volume Made of 

recycled 

material? 
Yes (x) 

Can be recycled with 

today's technology 

Yes (x) 

Total >98%0 >98% 

Total >98% >98% 

Total >98% >98% 

Total >98% >9811/, 

G 

16 Suggestions for suitable classification can for instance for an electronic product be as follows: Case/chassis, circuit 
cards/electronic components, cables and contacts/connections. 
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Date 

1997-04-04 

G. 1 Is the company connected to a system for re-use or recycling of material of the 
packing? 

Yes: the company is connected to a system for recycling of material. Specify below: 
Yes: the company is connected to a system for re-use. Specify below: 
Yes: the company is connected to the REPA-register. 
No: no packing is used. 
No 

System Description Product 

G. 2 Specify the included materials/combinations of materials per resp. category. 
Category Included materials/ combination of 

materials. 

Weight 

% 

Weight 

(kg) 

Made of 

recycled 

material? 
Yes (x) 

Can be recycled with 
today's technology 

Yes (x) 

Transport packing 

Filling up packing 

Customer packing 

Filling up packing 

H 
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Date 

1997-04-04 

ELECTRONIC CONSTRUCTION 

Design 

H. 1 Are the components mounted on both sides of the printed board assembly ? 
(This in order to reduce volume and power consumption). 

Yes 
No If no, specify part and reason 

Part Statement of reasons 

H. 2 Which wiring technology is used for the components (in the construction)? 
Flip-chip, wirebonding or TAB 
Surface mounting 
Hole mounting 
Other Specify below: 

Wiring technology Description 

H. 3 Is the equipment (if it is possible with regard to the technical demands, access times 
etc) constructed with automatic power reduction, so called "power down"? 

Yes 
Not relevant 
No If no, specify product and reason 

Part Statement of reasons 

H. 3. a Specify the energy consumption (nominal/reduced). 
Part Criterion for change Energy consumption Energy consumption 

(nominal) (reduced) 

H. 4 If cooling is used (fans, separate cooling systems etc), is it temperature/thermostat 
controlled? 

Not relevant No cooling or passive cooling is used. 
Yes 
No If no, specify part and reason 

Part Statement of reasons 

H. 5 If voltage transformation is needed, is it made with so called switched voltage 
transformation, alternatively even more efficient transformation technology? 

Yes 

1 No If no, specify part and reason: 
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Date 

1997-04-04 

Part Statement of reasons 

H. 6 Are batteries, in addition to the normal power supply, mounted on or in direct connec- 
tion to the printed board assembly ? 
(Here is related to batteries with mercury, silver oxide or such batteries which have 
been mounted on the printed board assembly or in direct connection to it. The aim 
with these batteries often is to back up the memory at a power failure or the like. ) 

No 
Yes If yes, please answer H. 6. a. 

H. 6. a If separate batteries as above are utilized, specify location, type of battery and, if 
possible, reason for using the solution with printed board mounted batteries. 

Part Statement of reasons /type of battery 

H. 7 Is the mounting easy to separate at dismounting ? 

F-I 

(For instance easiness to separate different types of materials, no special tools are 
needed for dismounting, cables between the cards can be separated without using 
cutting nippers etc). 

Yes: for %/c of the product such measures have been taken at construction. Specify measure below 

Part Measure 

E No for %% of the product such measures have NOT been taken at construction. Specify reason below 

Part Statement of reasons 

H. 8 Is glueing/welding of different materials used in the product? 
No 
Yes If yes, specify part and reason: 

Part Statement of reasons 

H. 9 Is the product built up of smaller modules which easily can be separated from each 
other ? 

Yes 
No If no, specify part and reason 

Part Statement of reasons 

H. 10 Does the product contain paper phenol cards? 



U mm 

No 
Yes If yes, specify part and reason 

Part Reason 

ECO-DECLARATION 

Date 

1997-04-04 

H. 11 Are components which may need to be changed mounted in sockets? 
Yes 
Partially If partially, specify part and reason 
No If no, specify part and reason : 

Part Statement of reasons 

H. 12 Are the printed board assemblies laquered/varnished? 
n No 

Ijýi Yes If yes, specify pat t and reason 

Part Statement of reasons 

H. 13 Are plastic parts covered with colour or metallized? 
No 
Partially If partially, specify part and reason 
Yes If yes, specify part and reason: 

Part Statement of reasons 

H. 14 Are metal parts, cables or printed board assemblies moulded in plastic? 
No 
Partially If partially, specify part and reason 
Yes If yes, specify part and reason 

Part Statement of reasons 

I 
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BATTERIES 

I. 1 Does the product contain batteries? 
No 
Yes: If yes, answer questions 1.2-1.4 below. 

Date 

1997-04-04 

1.2 Are the batteries in the product harmful'7 to the environment? 
No 
Yes: 

1.3 Are there disposable batteries in the product? 
No 
Yes: If yes, specify. 

Type of battery (e. g Alkaline) 

1.4 Are there rechargeable batteries in the product ? 
No 
Yes: If yes, specify below. 

Statement of reasons 

Type of battery (button cell etc) Substance (e. g NiCd) Statement of reasons 

J 

7 Batteries are classified as harmful to the environment if they contain more than 0.025% of mercury and cadmium, or 
more than 0,4% lead. 
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RACKS/CABINETS/MECHANICAL STRUCTURE/MASTS 
The field shall be accounted for product by product; rack mechanics, station mechanics and 
masts. For each product, declaration shall be made separately. 

Racks/mechanics: 

With rack mechanics is related to the protection equipment (rack, cabinet or cover) which 
makes it possible to mount the technical equipment in this unit. As rack mechanics are also 
regarded different equipment for connection- and distribution fields. Electronics, 
cables, and/or connection devices being part of rack mechanics shall he related to respective 
subject field. 

Station mechanics: 

With station mechanics is related to the mechanics which holds the station 's common cables 
and electronics, such as troughs with accessories, beams of different kinds with accessories 
etc. 

Masts: 

J. 1 

With masts is related to the mechanical equipment which is needed to hold antennas, radio 
links (outdoor mounting). Here also are included stay wires and concrete bases, if any. 

Does there exist any kind of coating, paint, corrosion preventing agent or the like? 
No 
Yes If yes, specify parUcoating and motive. 

Part Substance (chemical symbol) Statement of reasons 

J. 2 Do there exist fastening parts for the product, such as screws, nuts, washers, clips, 
bands, holders, glue or the like? 

No 

Yes: If yes, specify material and amount, and 
motive for included fastening parts. 

Fastening part Material (chemical symbol) Total weight Statement of reasons 

J. 3 Specify per product in respective category'8 up to 98% of the total weigth and volume 
of respective category the materials/combinations of materials constituting totally the 
most part: 

Category Included Materials / combination 

of materials 
(chemcial symbol or the like) 

Weight 

% 

Weight 

(kg) 

Volume Made of 

recycled 

material? 
Yes (x) 

Can be recycled with 

today's technology 

Yes (x) 

>98% >98% 

Suggestions for suitable classification can for mechanics be for instance the following: Cover, cabinet, rack, station 
mechanics and masts. To that additions can be made for fastening parts, screws or the like. 
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K 

Date 

1997-04-04 

PAPER PRODUCTS 
Printed matter: Start at question K. 1. 
Other paper products: Start at question K. 2. 

K. 1 Is the printing office licensed for Eco-labelling of printed matter? 
Yes: specify below voluntary Eco-labelling`': 
No but application for a license has been handed in/is under preparation. 

Specify planned date of application below and answer questions K. 2-K. 6. 
No Answer questions K. 2-K. 6. 

Eco-labelling Registration number 

K. 2 Is the product Eco-labelled with any voluntary Eco-labelling? 

R 
Yes: Specify below voluntary Eco-labelling `0. 

No Answer questions K. 3-K. 6. 

Product related to Eco-labelling 

K. 3 Is the product made of chlorine bleached pulp? 
No The product is not bleached 

No Chlorine free (TCF) bleaching agent has been used 
Yes: If yes, specify method of treatment 

Method of treatment, chlorine bleached paper 

K. 4 Does the paper product contain recycled fibres? 

R Yes If yes, sec below 

No 

Specify type of recycled fibres/ respective its part in % 

Date 

Registration number Intr. date 

K. 5 Is the product printed with colours which contain heavy metals? 
No 
Yes: Specify below 

Type of colour Specification 

K. 6 Which colours are used at the printing of the product? 
Water based colours. 
Colours based on vegetable oils. 
Colours based on other oil. 

19 For instance SIS Eco-labelling (the Swan), the EU-tlower, Blauer Umweltengel, Bra miljöval etc. 
20 For instance SIS Eco-labelling (the Swan), the EU-flower, Blauer Umweltengel, Bra miljöval etc. 
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Type of colour Specification 
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MACHINE CONTRACTORS 

Date 

1997-04-04 

L. 1 Which Eco-class for diesel fuel does exist within your company? 
Eco-class I 
Eco-class 2 
Eco-class 3 

L. 2 Which Eco-class for petrol does exist within your company ? 
Eco-class I 
Eco-class 2 
Eco-class 3 

L. 3 Which Eco-class for vehicles > 3,5 tons does exist within your company? 
Eco-class 2 
Eco-class 3 

L. 4 Which Eco-class for working machines does exist within your company? 
Eco-class I 
Eco-class 2 

L. 5 Do there exist vehicles/working machines within your company which are adapted to 
alternative, renewable fuels? 

Yes Specify below 
No 

Type of working machine Fuel Use (in %) 

L. 6 Do there exist within your company electrically powered engines (alternative to fossil 
powered) intended to be used in densely populated areas? 

Yes Specify below 
No 

Type of working machine Type of battery Use (in %) 

L. 7 Are Eco-labelled tyres used within your company? 
Yes Specify below 

No 

Type of tyre Eco-labelling Use (in %) Type of vehicle 

L. 8 Are Eco-labelled lubricating oils, hydraulic oils or the like used within your company? 
Yes Specify below 

No 

Type of lubricating oil Eco-labelling Use (in %) Type of vehicle 
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L. 9 Will harmful waste products arise within your activity, and do you have routines to 
manage this? 

F1 Yes Specify below 
No 

Type of waste products Routine 



Bell South Environmental Questionnaire 

ý 

of 

5. TM a CIMCLA Reportable Quantity (RQ) applicable to the product? if 
so, please provide. No 

thirty (30) days of the Change to the product? Yý 
3. Will you agree to ssad any amended M8Ds within thirty (30) days 

any such aInendmea: s9 GS 

4, Does the product contain any axtremsly Ra$ardaus Substances as 
defined in SARA Title 2121 If so, please list. ýo 

RPQ No. 95.0016-A1D1 
Bags 9 09 63 

i. IS a MOakia1 94rety Data Shee; (1' DS) required for your 
product(s)? 

If 'yes', please submit a copy of all applicable P DSe. 

2. If the tbewer is 'no' and you are selected as an approved 
BellSouth 9ýtppli"r, will you agree that, if you make any 
eubeequent ehangse to your product which would require an MSDS, 
you will supply the appropriate MUDS(e) to the 8"ll9outh within 

S. Whit: (if any) envirormentally sensitive ch are used inýy ur 
cranutaCturing process? jvproptl Alloho1 

i, 

1ecaidimmr 
t,, + 

7. what (if any) environmentally sensitive emissions are used in your 
manufacturing process? JZS 

8. What if any) environmentally sensitive waste is generated in your 
"`. _ 

Qý CjrVi manufacturing process? J /IM*hd a A. 4 

9. will niozmal use of the product result in generation of a v"t: e 
stream? Please explain. k 

ýnrý ýý IýGP. 
10. What is the shelf life of the product? Thffe z 40 4 

do 

11. Will the product be a hazardous waste, as defined in 40 CM 2$1, 
when/if disposed, p? It&. ifikrdf, 4orPA'roUOds MookEre-x-0 '-K 

49. Prrrd rrruil8wrd: Corrar Jrýmcf4ýe , nclG(Sr[llon, #k., fL1re nc+ei (4Prrda. hat 1rdow &0 . 
12. List the 3PA hazardous waste codes which would apply if the unused 

or expired product were disposed of: (example: D008, U226) 

13. 
A 

the EPA hazardous waste codes which would apply it the spent 
product were disposed of: (examples 0008, F001). N)A. 

14, Will the waste be subject to land ban restrietioiie? J/A_ 

: 5. Are there other special disposal requirements or precaueions? 

16. Is the waste recyclable? Y 
17. Can you offer recommendations for disposal/recycling, opýtiýo}nýs for 

z'a[urh co lyPFligz7 .--,, _, y-FYGr, 4SW, 'Y . _Sr 
M4h1«'. iia(mdLýrt[' 

+f6Sý1171y}', 14:. c 
P3. is the orodutt a DOT hazardous material? )C 
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iT nv+wnmnpoucy, raats� ttlRTlTSatemslLWIU Iit yoL., confldef, tb 0d the " 
mainiýffv, ftf of yöur XompainY3 iftivtties örf ttie-TrfVlionrtl(anL and how thew effecn 
are being 46445ge4. 

"Detsilt o. f. wr, men proGeöurys In opciatio+IM/khtri; yöprýllýiPany. to contºo{. iny of 
tnefollowinij: 

\6(ý 

.. Y 

ý 

_I 

0 Pollution incidents, spillages or Mks 
labelling, storage and disposal of -special wastes" 
use of materlsls.. e g. paper 
use of ". sources, e. g. energy consumption, 

1.5 'The names and professional gw&ifi tlorss"of emplvyeva p constihants who advise 
you on health, safety; and snvirgnment Maters. 

i i. . Data"ont p numbertif"SIt "FV. Mil+f InJi+ie Andps iqk-fh. ih 
res U nQ of1J IKiiddi librtYtoyd/ARC{+p; ýevv laýl "n clot for 

yry 
' 

iV(h'oý`, týälac[thit e? 

1.7 Details of Ir pr R t; nfo(4enteeltbr iasr}o}ias3t+blrngwvrwt#t 
health: sllfetyor envlydrime it Issue . vvhIch ha 606 Uftltla2ed lgainstyour 
company 1n Me to td reeýisarý"anäalsobf>fnjr. {emedibl attion,. rhich his bean 
tekei ýf a xesutt:, rr; ` 

"" s: 8 "" Detallsof your ßroalitlreý >ýs& phi 1 e31ýYtý. 'ýfirglltrYq"crtwrofteh4el 
.: 

" standards ofýio(iiowis ktrýa"II +'a4ti podsehq cd1(n , udlYigýny 
Cuestionngrf4svvýjcfrarlJ lnlfýlseproce uses z' 

1.9 Evidence to detnonstrrft the capability of your products to meet relevant health, 
safety and environmental standards. and of any research or testing carried out in 
developing this capability. 

1 10 Details of your safety training programme for holders of specialist jobs which 
involve particular risks. general employees, supervisors and managers. 

1.11 Evidence of your capability to prepare risk assessments, safety plans and method 
statements. as appropriate to your business aetivIty, specifically Including 

Procedures for these tasks and for their alio(ation to competent advisers. with 
relevant er. arnples of such woik. 

Y. 12 The r esuks of the most recent health, safety and. en'ironmentaI audits carried out 
on your Organisation within the last three years. 

V; 

End of Part 4 



Mitsubishi Electric Co Ltd 

Environmental Survey Dan. 
Ju,, 

4- 
177 /q K 

Question Answer (circle) 

(SO 

certifiaesio 
1. Has our Company obta ed ISO 14001 V! rtiýCation? 1 

ir1# r I nU 
-6 

( 
(1) Yee (2) No 

n C fia ý rýºCi to -^A i TtUº 

If yes. please write your tale number: Dote: 910 _ ý7 

If you answered Yes above, the s, urey is complete. If No. please continue with the following 
questions. 

General 2. Have you funned any envircomental tnaoagentent l) Yes (2) No 
erg aisations such as a str gy eomminse7 

3. Has your eonrpony been officially cautloed or lard over (1) Yes (2) No 
the past five ytars? (ik 

leaves 
etc. eiv't np4l i 

4. Do you educate your employ imet, bi*enend protection ) ss (2) No 
mtetas? 

Cou, orviad 
"MW 

5. Du you carry out meuattre to promote aacrv saving? FED (2) No 

If yes. please describe the act'iyitiýa dotal aQn rc es Tt ft 

, heat if 'W Coo F Coth(ufe a cen+vz, l(eJ * 4i /eoo(iru ý 
Wtbvl-0w ! 1107-1º Pair- ravie. 9 eo reri'komfArry , prom fs. tt c(cre 

Preventing 6. Doan your oontprgy ttaictly obtarve the restºictlatt lm 1) Yes (2) No 
polkrtioo by etty oent-gritted laws? v*ry by jv rii e 

Check (v) the applicable laws and iedican the mdn rj 
`ý`{ý snsýýA4ly t'ot L k5 S 1 ft%44S on Ct: ' VAv polItttiau laws ( of +opc. s, V&. c , tt. '6(s ) 

, V Water quality protection laws (& tme- 0. S otbou tCa. i r) 
V Anti-OOiae laws (n of t! l. *J(y 

'r f rs ve wt , our' ape rs! a i? Ls ) 

Noxiousodorlaws(no d4 'stKh e. odor freper / boaiJ4ry] 

V SoiiPollution laws (r, 4JUMP tti+ of NA60%JV-W, i 
or 

te&Lye 
dfl 

s ýN ýt {ýS 
vit i i 'ýo 

( 

` rnt ction laws on rera 

Ground subsidence laws () 

O( ] 

Disposing of 7. Does your company take arrive measures to reduce wastes and (1) Yes 
` 

(2) No 

wages to tecycte tesourccs? 

I/ 

ý ýý 

"b 
Wwn fe. 

?f rtich 
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6.8.3 Describe the possibilit es of recycling materiels from 
scrapped equipment. 

6.8.4 The supplier sbould be ablot to take back the equipment 
quoted for reuse, recycling, or scrapping in an environmentally 
acceptable way, during a penod of at least 10 years after procurement. 
Describe the terms for such obligations and whether they will be 
implemented by the supplier himself, by a subcontractor, or in another 
way. 

6.9 Analog standard telephones 

6.9.1 The supplier should offer analog standard telephonoe that 
are approved by PTS according to SS 63 63 41. 

6.10 
, 

System telephones 

6.10.1 Doseribe the technology, functions and other 
characteristics of the system unique telephones (system telephones) 
that are offered together with the PBX. 

&10.2 Describe especially the requirements made on the 
premises network when connecting op the system telephones. It 
mould be possible to locate the system telephones at a cable length of 
at least l km from the PBX, assuming that the premises network 
complies with Swedish standard SS 6.163 50. 

610 3 The system telephones should be powered in all parts 
from a central power supply. 

6.11 ISDN tdcphona 

6.11.1 The supplier abould offer approved ISDN telephones 
(intended for [So interface). 

6.11.2 Describe the ebstacteristics of the ISDN telephones 
quoted, as regards teehnolo", functions and other characteristics. 

6.11.3 The ISDN telephones should be powered in all parts by a 
central power supply. 

6.12 Cordless tclephones 

6.12.1 An a complement to the PBX, the suppLsr I At should I B: 
dull I C: shall I be able to offer a cellular system for cordleab 
telephony. 
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Standardizing Information and Communication 
Systems 

5 Information to customers 
The following information should be included in a suppliers declaration, as far as these are relevant 
to the specific product categories. 

5.1 Product information/description 
The following should be provided where applicable. This list should include, but not be limited 
to: 

" type of product; 
" brand name; 
" model number; 
" supplier/manufacturer; 
" weight and dimensional characteristics (kg and cm); 
" statement that mechanical plastic parts heavier than 25 g (50 g? ) are marked according to ISO 

11469. 

5.2 Upgradability/Extendibility 
The design considerations of the basic unit, which allow the product features and product 
capability/profile to be enhanced, should be listed. 

The service warranty/policy offered by the manufacturer should be listed. 

5.3 Extension of product lifetime 
The following items should be declared: 

" availability of spare parts for the product from the time of purchase in years 
" availability of service for the product from the time of purchase in years 
If spare part and service availability is restricted, restrictions should be listed. 

5.4 Energy Consumption 

All relevant products and equipment should list the energy consumption in watts appropriate to 
the product type. 

Some examples are: 

TVs Monitors Computers Copiers Printers 
On Operational Sleep Operational Stand by 
Standby passive Standby Off Standby Off 
Off Off Off 

Measurement should be performed using the procedure specified by the EPA Energy Star 
program for appropriate products, including the methods for operational modes. For TV sets 
publication IEC 107-1 should be used. 
If a product allows multiple levels of energy saving modes, these should be listed in the product 
declaration. 

Products following any other guidelines can list this information with the appropriate 
measurement in the appropriate section(s) of the product declaration (annex A). The measurement 
protocols associated with these guidelines should be followed. 

Phone: +41 22 849.60.00 - Fax: +41 22 849.60.01 - URL: http: //www. ecma. ch - 
Internet: helpdesk@ecma. ch 
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5.5 Electromagnetic emissions 
5.5.1 ELF/VLF electromagnetic emissions 

Public perception and increased requests from customers related to magnetic field emissions, 
which emanate from monitors have led to the Swedish guideline MPR II - 1990: 8 for Band I 
and II ranges in both electric and magnetic fields. Alternatively, the Swedish standard SS 436 
14 90 (so called MR III) may be adopted. 
A declaration should be made as appropriate to the relevant standard and referenced in annex 
A. 

5.5.2 Radio frequency emissions 
The international standard for radio frequency emissions from information technology 
equipment respectively consumer electronics equipment will be met as follows, taking into 
account special marked requirements and conditions: 
Information and communication technology: 
CISPR22 (EN 55022) 
CISPR24 (EN 55024) 

Consumer electronics equipment: 
CISPR13 (EN 55013) 
CISPR20 (EN 55020) 

Both Groups: 
IEC61000-3-2 (EN61000-3-2) 
IEC61000-3-3 (EN61000-3-3) 

the mentioned EN standards are effectively legal requirements in the European Union. 

The legislation and relevant standards, shall be recorded in the suppliers declaration as 
referenced in annex A. 

5.6 Physical emission 
5.6.1 Acoustical Noise 

Noise emission information for relevant products should be provided as declared sound 
power levels LwAd and sound pressure levels LpAm for the operational and power saving 
modes. 
Measurements should be made according to standards ECMA-74 (ISO 7779: 1988) and 
ECMA-109 (ISO 9296: 1988). 

If the product (e. g. Monitors or TV-Sets) is emitting high frequency noise, which is not 
covered by ISO 7779 and ISO 9296, additional information should be reported regarding the 
high frequency noise. 
The measurements of the high frequency noise should be performed, according to ECMA-108 
(ISO 9295: 1988). The High Frequency sound power level Lw in dB and the frequency f of 
the tone in Hz should be reported for the operational mode and the applicable power saving 
modes. 

5.7 Chemical emissions 
5.7.1 Ozone 

The concentration that a user is exposed to in the breathing zone should be below the 
Threshold Limit Values set by IEC 950 (EN 60950). 
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Value is to be determined in full operation of the product. Measurement in terms of mg/m3 is 
to be conducted according to procedures outlined in ASTM D5116/90. 

5.7.2 Dust 
Values should be determined for full operation of the product. Measurement in terms of mg/m3 
is to be conducted according to procedures outlined for copiers in RAL-UZ 62. 

5.7.3 Styrene 
Measurement in terms of mg/m3 is to be conducted according to procedures outlined for 
copiers in RAL-UZ 62. 

5.8 Materials 
A declaration should be made for at least the following substances (covered by legislation and/or 
voluntary initiatives) that they are not present in concentrations exceeding the natural background 
levels: 

" asbestos; 
" cadmium (in plastic materials, packaging and inks); 
" CFC and/or HCFC; 
" chloroparaffins with chain length 10-13 C atoms, chlorination greater than 50% contained in 

mechanical plastic parts heavier than 25 g; 
" lead contained in mechanical plastic parts heavier than 25g; 

" mercury; 
" PCB or PCT; 
" polybrominated biphenyls, their oxides and their ethers contained in mechanical plastic parts 

heavier than 25 g. 
The presence of the listed substances which do exceed natural background levels should be 
declared. 

Determination of the material composition should be conducted in accordance with accepted 
industry practices. 

5.8.1 Additional information 
To meet the requirements of users who wish to ensure that products can be easily dealt with at 
end of life the following disassembly information should be included: 

5.8.1.1 Product information/description 
Technical specifications regarding the product may be provided. In addition, the following 
information should also be included: 

" type of product 
" brand name 
" model number 
" identification/serial number, year of production or any other point of identification. 

Information on battery disposal should also be included. 

5.8.1.2 Materials contained in the product 
Information should be included on the major material items that are included within the 
product, e. g., 

" casings and covers are manufactured from ABS plastic; 
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" fan and motor contain aluminium; 
" cables are enclosed in PVC; 
" type of solder used in the printed circuit boards; 
" keyboards are manufactured from ...; 
" overall number and type of plastics included in the product. 
This information will ensure that the supply chain (including the distributors) has a cleared 
picture of what material streams will result from recycling. 

5.8.1.3 Ease of disassembly 
The manufacturer and/or systems integrator should list any actions/initiatives that have been 
included in the design of the product to make disassembly and upgradability easier at end of 
life. Take-back information should also be included. 

For example: 

" outline of re-manufacturing process (if one has been established) 
" principle disassembly process 
" inclusion of snap-fit assembly 
" number of screws used 
" recyclability of major materials, e. g., the ABS plastics and the ferrous metals in this 

product are recyclable and there is a market for the resulting recyclate. 
This information will help both end users and third parties in the supply chain decide upon 
the environmental performance indicators concerning there-use, disassembly and recycling 
of the product at end of life. 

5.9 Batteries 
The following items should be declared: 

" the type of battery (e. g. nickel-cadmium) used; 
" batteries used in the product are in conformance with the EU Directive 91/157/EEC 

('hazardous substances') and EU Directive 93/861EEC ('marking requirements'); 
" instructional information concerning the handling of the batteries in the product including 

proper installation replacement and disposal is given in the product documentation 

5.10 Packaging 
Type and weight of packaging materials should be declared. 

Marking of packaging should be declared. 

Details of any packaging audit/reduction should be declared. 

Any manufacturer' initiated take-back schemes for used packaging should also be detailed. 

National guidelines and/or regulations apply. These may include disposal and/or recycling 
instructions, types of materials permitted, materials identification, etc. Local ordinances may also 
apply. 

5.11 Documentation (user manuals) 
Post-consumer recycled content and paper bleaching method should be declared. 
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Code Question 

A Eco-Management system 
A101 Eco-management system (standard accredited) 
A102 Own management system 
A103 Contractors EMS y/n 
Al 04 Plans for EMS system 
A105 Does EMS concentrate on hazard prevention with documentation 

on processes, products, packaging 
A106 Details of written procedures to control: pollution incidents, 

label labelling/storage of special wastes/ material usa, resource use 

B Policy 
B101 Any written eco-policy 
B102 Any written eco-goals 
B103 Written action programmes to achieve goals 
B104 Public reporting 
B105 Dedicated employees for eco-questions 
B106 Eco-training for employees 
B107 Eco-revisions? 
B108 Eco-demands on contractors beyond demands of regulation 
B109 Is your policy supported by an Environmental Impacts or Risk 

Assessment with respect to your company's activities. 
B110 Senior manager with direct responsibility? 

C Product 
C1 Eco-labelling 
C102 Marked with voluntary eco-label 

C2 
C202 

Manufacturing''-, ": ' 
Does activity require regulatory permission/licensing 

C203 Any substances used in manufacture listed in a specified list of 
restricted chemical substances 

C204 Working to limit the existence of these substances 
C205 Working to limit the existence of substances such as effluents, 

solvents etc 
C206 Are detergents/degreasing compounds used in manufacture 
C207 Member of staff responsible for chemicals on site 
C208 Corporate/site plans for emergencies 
C209 Does company use ozone depleting substances (plans to 

eliminate) 
C210 Adequate controls to prevent catastrophic releases inc 



fires/explosions? 
C21 1 Storage tanks on site? Describe. 
C212 Evidence of past on-site contamination? 
C213 Test/monitoring programme on environmental control? 
C214 Public complaints filed? 
C215 Environmentally sensitive wastes from manufacturing 
C216 List five most significant environmental burdens and reasons why 
C217 A register of environmental legislation and /or effects 
C218 A formal system to monitor environmental non-compliance with 

legislation and corporate environmental policy 

C3 Use 
C301 Emissions of any substance listed in a specified list of chemical 

substances 
C302 Use and maintenance cause known env and health hazards 
C303 Is product less polluting during its use than competing products 
C304 Is product easy to maintain 
C305 Is product easy to repair (disassemble, modular etc.. ) 
C306 Can the product be easily upgraded 
C307 Can the material data sheet be supplied with the product 
C308 Flammability rating 
C309 Specified limits stated for certain physical and chemical emissions 
C310 Specify energy consumption 
C31 1 Specify limits for electromagnetic emissions 

C4 
C401 

Waste products',. 
Company connected to a re-use/recycling system 

C402 Any measures taken to facilitate recycling at construction 
C403 Any info available to facilitate recycling 
C404 Plastic parts marked according to ISO 11469 
C405 How is marking of product made 
C406 Is product takeback available or being considered 
C407 Targets for waste production? (policy) 
C408 Waste policy Prioritise prevention and minimisation? 
C409 Are all waste streams measured - quantities of waste? 
C410 % of site hazardous waste sent to landfill, incineration, recycling, 

treatment 
C412 If product is disposed of in sewage treatment system will it 

biodegrade 
C413 Provision of a recycling diagram for all parts 
C414 Takeback guaranteed 
C415 Units containing components with substances hazardous to health 

or environment must be marked 
C416 Describe the possibilities of recycling materials from scrapped 

equipment 
C417 Will the product be a hazardous waste when/if disposed of? 

(qualified) 



C418 Is the product a DOT hazardous material 

C419 Does the polymer liberate toxic substances when heated 

C5 
C501 

Materials ý BONN 
Contain any substances listed in a specified list of chemical 
substances 

C502 Flame retardent 
C503 Metal alloys (what, where, weight) 
C504 PVC (product and cable, which parts, why) 
C506 Does PVC contain chloro alkanes or organic tin compounds 
C507 State softening agents and stabilizers used in PVC 
C508 Specify by weight and volume the materials / combination of 

materials which form the product 
C509 Does the product contain lead (solder) where, considered 

substitutes? 
C510 Does the product contain berylium oxide, where, considered 

substitutes? 
C51 1 Does the product contain bromine, where, considered substitutes? 
C512 Use and storage of the following: lead, chromium, mercury, 

manganese, Halon fire ext system, PCBs, ODS. 
C513 Highlight discolored soil/vegetation, waste water discharge to 

trenches/ditches etc, correct storage of chemicals/hazardous 
substances 

C514 Does maintenance and up-keep entail the use of substances listed 
in a specified list of chemical substances 

C515 Does the product contain post-consumer recycled materials? 
C516 Is an MSDS sheet required for the product 
C517 Does the product contain ozone depleting substances 
C518 Specify substances to avoid / recyclable value 
C519 Sign a declaration 
C520 Are specific precautions required at normal handling of the product 

and/or packaging. 
C521 Are toxicological data available about the basic polymer(s) and/or 

its monomer(s). 

C6 
C601 

Packaging r:, 
. .. lCompany connected to a system for re-use / recycling of packaging 

C602 Specify materials in all packaging by weight/percentage 
C603 Company use or handle >50 tonnes of packaging? 
C604 Tar ets for reduction / minimisation 
C605 Employee responsibility? 
C606 Programme for proper labelling/packaging, shipment of hazardous 

materials? 
C607 Does the packaging material have post-consumer recycled 

content? 



C608 Package details - recyclable, toxic, degradable, disposal method 

C7 
C701 

Electronic construction 
Components mounted on both sides of PCB (space/p- 
consum tion 

_______ 

C702 Specify the wiring technology for components (surface/hole etc) 
C703 Can equipment "power down" if possible 
C704 Specify energy consumption - different modes 
C705 Cooling systems - are they temp / thermostat controlled 
C706 Voltage transformation if needed - switched or alternative? 
C707 Are batteries mounted on or connected to PCB - location, type, 

reason 
C708 Is the PCB assembly easy to disassemble 
C709 Is luein weldin of materials used in the product 
C71 0 Is the product built up of modules - easy to separate 
C71 1 Does product contain paper phenol cards 
C712 Are changeable components mounted in sockets 
C713 Are PCBs laquered/varnished 
C714 Are plastic parts painted or metallised 
C715 Are metal parts, cables or printed board assemblies encased in 

plastic. 

C8 . ri Batteries 
C801 Does the product contain batteries 
C802 Are they harmful to the environment (contain 0.025% mercury and 

cadmium or >0.4% lead 
C803 Are there disposable batteries in product 
C804 Are there rechargeable batteries in product 
C805 Batteries conform to EU regulations and instructions for 

hand Ii ng/replacement/disposal 

C9 
C901 

Mechanical structure 
Coating, paint, corrosion preventing agent - specify 

C902 State material and amount of fastening parts - screws, nuts, 
washers, clips, bands, holders, glues etc 

C903 Specify by weight and volume the materials / combination of 
materials which form the product 

C10 Desl n uideline 
C1001 Are environmental considerations formally included in the design 

phase 
C1002 Is product designed to minimise mass/volume, use consistent 

materials? 
C1003 Is product re-usable or does it include re-usable parts 



D 
D101 

Paper products 
Is printing office licensed for eco-labelling of printed matter 

D102 Is paper product eco-labelled 
D103 Is product made of chlorine bleached pulp 
D104 Does the paper product contain recycled fibres 
D105 Is product printed with colours which contain heavy metals 
D106 Which colours are used at the printing of the product (water-based, 

oil based etc.. 

E : 777,7'47, r```` Machine contractors 
E101 Which eco-class for diesel fuel exists in the company 
E102 Which eco-class for petrol fuel exists in the company 
E103 Which eco-class for vehicles > 3.5 tons exists within the company 
E104 Which eco-class for working machines exists within the company 
El 05 Are there any vehicles/machines adapted to alternative, renewable 

fuels 
E106 Are there electrically powered engines in the company designed for 

use in densely populated areas 
E107 Are eco-labelled tyres used in the company 
E108 Are eco-labelled lubricating oils, hydraulic oils used within the 

company 

F 
F101 

Supplier assessement 
Does company assess its larger component suppliers/ intending to 

F102 How are assessements carried out 
F103 Raising awareness amongst suppliers? 

G Site Survey 
G101 Survey questions - activities, topography, nearby water, pro ert 

H Regulatory complianc 
H101 Has your company had any action taken against it by any 

environmental regulatory agency? 
H102 The tenderer shall specify standards, pre-standards and EU 

Directives concerning environmental matters which the equipment 
supports 

H103 Does company observe restrictions imposed by regulations 
environment 
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Appendix VII Nortel Environmental Toolkit Questionnaire 

" Expected Return Date of questionnaire 

" Company Name 

" Address (Head Office) 

" Main products supplied to Nortel 

" Name of Respondent 

" Position within the Company 

" Internet E-mail address (optional) 

" Telephone number 

" Facsimile number 

" Signature 

Issue 1 

A. Environmental Management System 

1. Does the Company have a Corporate environmental policy statement? 

{yes} {no} 

2. Do all the production site's have a formal environmental management system? 

{yes} {no} 

3. Have all the production site environmental management systems been accredited with a 
national or international standard? 

{yes} if yes then go to A5 {no} 



4. If no, then are there plans to move towards an accredited scheme for all production sites 
before 2000? 

{yes} {no} {n/a} 

5. Is there a Board member with direct responsibility for environmental issues/legislative 
compliance? 

{yes} {no} 

Indicate which elements are present and operational within the company environmental 
management system: 

Element Response 
6. A Corporate commitment to continuous environmental {yes} {no} 
improvement 
7. Corporate quantitative targets and objectives for {yes} {no} 
environmental improvement e. g. waste reduction, energy 
efficiency, water use 
8. A formal system to monitor environmental non-compliance {yes} {no} 
with environmental legislation and Corporate environmental 
policy, 
9. A register of environmental legislation and/or effects, es no 
10. A regular Corporate review of the company's {yes} {no} 
environmental performance 

11. Does the company undertake regular environmental audits of all it's manufacturing 
sites? 

{yes} {no} 

B. Hazardous Materials 

1. Does any of the production sites use or store chemicals that could cause business 
interruption e. g. high pressured gases, toxic chemicals, flammable chemicals? 

{yes} {no}, if no then go to B3 

2. Is their a member of staff responsible for storage, handling and use of these chemicals' 
on each Production site e. g. an EHS or Environmental Site Manager? 

{yes} {no} {n/a} 



3. Are there site plans or Corporate level instructions/regulations for emergency situations 
where chemicals may be in danger of causing environmental damage and/or business 
interruption? 

{yes} {no} 

4. Does the company use ozone depleting substances in any of it's production processes? 

{yes} {no}, if no then go to B6 

5. Are there plans or Corporate objectives to eliminate the use of these chemicals within 
the processes? 

{yes} {no} {n/a} 

6. Does the company use any chemicals which are scheduled for restricted use e. g. methyl 
bromide and HCFC's 

{yes} {no}, if no then go to C1 

7. And if so are there Corporate plans for their removal from the production process? 

{yes} {no} {n/a} 

C. Environmental Supplier Assessment 

1. Has the company undertaken an environmental assessment of it's larger component 
suppliers in the last two years? 

{yes} {no}, if no then go to C3 

2. If there is no supplier assessment system in place, then is the company intending to 
introduce a supplier assessment procedure before 2000? 

{yes} {no} {n/a} 

How are these supplier assessments undertaken at present: 

Elements Response 
3. Environmental audits es {no} 
4. Quality audits including environmental 
considerations 

{yes} {no} 

5. Environmental questionnaires es no 



6. Is the company involved in raising environmental awareness among suppliers e. g. the 
organisation of seminars, distribution of information?. 

{yes} {no} 

D. Packaging 

1. Does the company use or handle over 50 tonnes of packaging per annum ? 

{yes} {no}, if n then go to El 

2. Do you have targets and objectives in position for the reduction and/or minimisation of 
packaging use? 

{yes} {no} {n/a} 

3. Do certain employees within the company have specific responsibilities to meet these 
targets and objectives? 

{yes} {no} {n/a} 

E. Waste control 

1. Does the company's environmental policy include targets for waste reduction? 

{yes} {no} 

2. Does the company's waste policy prioritise waste prevention and minimisation over 
recycling and disposal? 

{yes} {no} 

3. Are there specific targets on all sites for the reduction and recycling of different types of 
waste e. g. energy, water and general waste. 

{yes} {no} 

4. Does the Company measure the quantities of waste being produced by all production 
lines and office units? 

{yes} {no} 

F. Product and product development 



1. Is the company able to supply product composition information to Nortel to facilitate 
recycling of the product? e. g. what type/how much plastic is used in the product? 

{yes} {no} 

2. Is the company able of supplying information about the hazardous material content (e. g. 
lead, cadmium) in the product/component to Nortel? 

{yes} {no} 

2. Are environmental considerations such as disassembly features, reduction of hazardous 
materials in the product, formally included within the design phase? (e. g. through Corporate 
standards/instructions). 

{yes} {no} {n/a, no designs undertaken} 

THANK YOU FOR COMPLETING THIS QUESTIONNAIRE. 

Please return the completed item to: 

Nortel Supply Management 
Northern Telecom Plc., 
London Road, 
Harlow, 
Essex. CM17 9NA 
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Harlow Laboratories Tel: +44 (0) 1279 429531 
London Road Fax: +44 (0) 1279 403009 
Harlow 
Essex CM17 9NA 
United Kingdom 

NCRTEL 
NETWORKS' 

How the world shares ideas. 

12 October 1998 

Dear Sir/Madam, 

As part of Nortel's environmental performance improvement program research is continuously being 
conducted on a variety of environmental management tools and techniques. Within the Ecodesign 
and Technology department we are currently investigating how supply chain environmental data can 
be utilised within the corporation in terms of ISO 14001 compliance and continual improvement 
programmes. We are also looking to see how we can meet customer needs for company and product 
environmental information as well as improving our ecodesign processes. 

We are running a program with Nortel key suppliers to trial three versions of a new supplier 
environmental appraisal and information request questionnaire. 

The trial has two objectives: 

" To evaluate the questionnaires in terms of ease of completion and understanding by the 
supplier; and 

" to provide an assessment of the level of product environmental information suppliers can 
provide. 

Each questionnaire includes a form (Form Al) which allows product specific information to be 
entered into a spreadsheet. Ultimately, a complete material composition list by percentage weight for 
each component supplied to Nortel will be required. Of prime importance, however, is a declaration 
of the presence of certain specified hazardous substances in each component, the use of specified 
substances in the manufacturing process, and the emission of the specified hazardous substances 
during use. 

It is recognised that many components with individual part numbers are manufactured using the same 
techniques, raw materials and energy and the same waste streams are generated. Therefore material 
composition data on one component can be used for an entire "family" if deemed representative and 
could cover a multitude of supplier part numbers. The supplier is asked to specify which supplier part 
numbers the information they supply covers. 

The questionnaires are provided in electronic format as Excel spreadsheets. Form Al is included as a 
second sheet in each questionnaire Excel work file. For the purposes of the trial, only one of the Al 
Forms need be completed in any one of the questionnaire files. Completion instructions are provided 
on each questionnaire and on Form Al. 

In addition to the data requested in the questionnaire, the supplier is asked to: 

" Comment on the ease of completion of the questionnaire in terms of an understanding of what 
was being asked and layout; 

" rank the three versions from 1 (best) to 3 (worst); and 



" comment on the ability of the supplier to provide environmental data on all products supplied to 
Nortel. 

Nortel Networks is committed to working with suppliers in a combined effort to develop products 
with improving environmental performance. Your co-operation in this trial will contribute to this 
effort and another step towards sustainability. 

Please e-mail the completed questionnaires and Al Forms to: 

cmead@nortel. com 

or place on a floppy disk and post to: 

Carl Mead 
Environmental Research Engineer 

Ecodesign and Technology 

at the above postal address by 

1 December 1998. 

If you have any questions concerning the questionnaires do not hesitate in contacting me (direct 
telephone: +44 (0) 1279 405 213. 

Yours faithfully, 

Carl Mead. 



New Nortel Networks Supplier Environmental Assessment 
Questionnaire Version 1 

Contideotiallty of Suppliers Information The information requested and obtained from 

t he supplier in support of this questionnaire and Mitch is Identified by the supplier as 
b eing of a sensitive or proprietary nature, shall remain confidential and shall not be 
d isclosed to any party outside of Nortel and Its Subsidiaries. Where a Non-Disclosure 
Agreement exists between the supplier and None), than the terms of that agreement 
s hall also apply. 

Nam 
Su eo 
Add-oss 

Pls ese answer Sr. loliowi g questions with yes or no answers, by placing a crow in the 
r espective owl Eppemtiors can be briefly stated In the comments column If necessary with brief 

evidence to support the answer. Planes change the size of the answer area It necessary Form 
At Ia a acpamte anew (ab Form At) 

21 Does your company have an EMS That Is accralila) to ISO 14001'1 

II the errewar to question 2.1 Is yes go to Part B. If the eruwer In no plesw answer question e 2.2 
210 

22 Does your comlinny have an FMS? 

23 Is your company seeking ISO 14001 accreditation? 
Does the management system track developments in environmental regulations and relevant 

24 loyisla -1 
25 Does the EMS include a waste maragmenl plan'! 

Over the EMS include a systematic approach to environmental improvement including the use of 
26 

performance indicators? 
Does the company have a system in place for assessing the environmental performance of 

27 
suppliers of products? 
One. the company have a system in place for assessing the environmental performance of 

28 
suppliers of services? 
Does the company consider environmental impacts eseocialed with its transport function, ie 

29 
delivery of products? 
Has the company been prosecuted for environmental regulatory noncompliance? Detaile 

210 

tit 
Is Iho h'a duct markal wilh any voluntary oco-labolllngI 

21 Do the activities of your ompeny require regulatory licensing? 

Are hazardous merials as haled in Form At used in the manufacturing of your protluote? at 
22 Please complete a ppropriate section of Form At 

Are you attempting to limit the use of the materials listed in Form At in the manufacturing of your 
23 

products? Complete appropriate section of Form Al 

During the use of the product are any of the materials listed in Form At omitted? Complete 
3I 

appropriate section of Form At 

Nave any of the following e: o. nosign strategies been used in the design process of the pralucl? 
41 

Hazandous material avoidance s section 5 2), n component structure coatings 
R. -usatudil 
Markin of Mastics 
Rec led material content 
Ree clabilit 
Thermal con- ion reduction 

Pncka, mý m cation 
Trans , orlation ncka a lake-hack u 
Trans donation , ncka clal material conlenl 
Avoidance of Imest donation t aokn' in oalin s net bleaches 
Dose the company rave or Inlorv l to have a lormnli sod na c ursign troy ra mo that is pan of the 

42 
product dwolol, mont process 

T1 
!! 

L 

1 loue rnntonala 

content in Iho product? Hazardous materiels arc conederel by Nortel to be [was on the hsl in 
52 

Fenn Al (Please complete the hazardous malarial declaration in Form At for each component) 

Can the supplier provide Life Cycle Inventory data on any of the products supplied to Nortel? 

(Specify the products and provide the data in electronic lormal if available ) 

53 

Cen the supplier provide guiding information on endof-file options for the supplied products? 
54 



New Nortel Networks Supplier Environmental 
Assessment Questionnaire Version 2 
Confidentiality of Supplier's Information: The information requested and 
obtained from the supplier in support of this questionnaire and which is 
i dentified by the supplier as being of a sensitive or proprietary nature, shall 
r emain confidential and shall not be disclosed to any party outside of Nortal 

and its Subsidiaries. Where a Non-Disclosure Agreement exists between the 
supplier and Nortel then the terms of that agreement shall also apply. 

Name of 
Supplier 

Avl. lrccs 

answer the following questions with yea or to answers plaiting e crow in the 
r espective sen. Explanations can be briefly stated in the comments column it 
necessary with brief evidence to support the answer. Please change the elze of the 
answer area If necessary. Form At is supplied as a separate document (leb Form Al 
below). 

Part A- Company Environmental Performance 

Llos the ywn cu, npany hevv an onv , nn�un. d puhry supportwl by sonlot 
t1 

management 

21 Does your company have an EMS that is accredited to iSO 140011 

It the answer to question 2.1 Is yes go to Part B, U the answer Is no please answer 
questions 2.2 - 2.9 

22 Does your company have an EMS? 

23 Is your company seeking ISO 14001 accreditation? 
Does the management system track developments in environmental regulations and 24 
relevant legislation? 

as Does the EMS Include a waste managment plan? 
Does the EMS include a systematic approach to environmental improvement 

2,6 
including the use of performance indicators? 
Does the company have a system in place for assessing the environmental 27 
performance of suppliers? 
Does the company consider environmental impacts associated with its transport 

29 
unation, i. e, delivery of products? 

Has the company been prosecuted for environmental regulatory non- 
compliance? Details 

29 

Pert B Product Environmental Performance 

...... antis 

Th p}W{ ig the follow0ig qusiUun{ IndicsUOn e { 
f the suppliers curgmllmant to Improving IM "0 menteI tfetlneflos 4f glelf 

'- 
; ýr. 

i '3 hy 
I product; - + t. 

( 

fa formal DFE programme is not in place have any of the following strategies been 
1.2 used in the design process? 

Hazardous material avoidance see section 2) in component structure coatings. 
Re-usability 
Recycled material content 
Recyclability 
Thermal convection reduction 
Dlsesaembl 
Packs in mlrnmisetion 
Trans nation ce a in re-use take-beck 
Trans rtation acke in recycled material content 
Avoidance of transportation packaging coatinip and bleaches 

13 
Arc hazardý, os suhsi i i--, used in any of the product manufacturing processes? 
Please com lase relevant aechon of Form Al. 

14 Are hazardous substances (see Section 2, Question 2.2 for definition in this case) 
present in the product? 

15 Does the company plan to Irnplement a DFE program-9 

The a swere tote fo(lewtng questions will Proved; Nortoi putt en pd ceggp : ̀ ' r {. 
tall Tý e+l,, ý the supplier's Willy to provide Nerlel with detailed product enelron7nphtN 6 Hw y, e ,y 

perlomiance, data. 11 the supptlor answer{ yea to any of the quest ins, Nnuel ' Fi tl n t: 
" requests hast troy Ptovidq lhf epproprifW stay! In alpkonle tp(frlat II pq{t11p1{ #, }yJ tt 

'.. . 
y, Ya. ti' 

pl d--1 II Al I.,, "'po-J) 

Is the supplier prepared to sign a declaration of hazardous materials content In the 

22 product? Hazardous materials are considered by Nortal to be those specified in Form 
A1. (Please complete the hazardous material section of Form At for each component 
e tied 
Can the supplier provide Life Cycle Inventory data on any of the products supplied to 
Nortel? (Specify the products and provide the data in electronic formal it available) 

23 

Can the supplier provide guiding information on end-of-lila options for supplied L 
24 

products? 



Questionnaire 

New Nortel Networks Supplier Environmental Assessment Questionnaire Version 3 
Confidentiality of Supplier's Information: The information requested and obtained from the supplier In support of this 
questionnaire and which Is identified by the supplier as being of a sensitive or proprietary nature, shall remain 
confidential and shall not be disclosed to any party outside of Nortel and Its Subsidiaries. Where a Non-Disclosure 
Agreement exists between the supplier and Nortel, then the terms of that agreement shall also apply. 

Name of Supplier: 

Address 

Completion Guidelines: Each of the five categories must be completed. The first question in each category is in column two. Tit 
supplier can respond either yes or no (indicated column 30and places an x in the supplier response column. The next question is i, 
the column to the right of the previous answer. The supplier needs to continue answering questions until they reach the bottom of 
the question tree for the respective category. The first question of the next category starts in column two. Form At is supplied as .I 
separate document (tab Form Al below). 

Supplier supplier supplier Supplier 
Response Response Response Response 

Category Question 
Company L tle.., i t ry y_I�nru, l v.., Y y.,. 
environmental policy have a documented t: wýrrü conlmlal ; I. I.. ýnanl - 

corporate improvornent in pollution v. nlable to the 

environmental prevention and does t p, r, hc w, 
policy reflecting specify certain company . 
senior Hemel goals and 
managements obloot 0 ", 

rmnment to this 
nvlnonmenl7 

Illa .. r' 

ý" ý fir' r 
} 

". 1 3 "t ýi :i } 

no Is the company y. s 

coneidehng 
including targets 

and obiectrves"+ 

no Is the company seeking to yes 
aVa± id w .1t. ` v "4 lri generate an envronmental ,t ., 

policy, 

J 
ir b T7.1 r, T 74 ý 

t F 

iýJJypýých 
JI ty 'Ä s w i. t}a, 

v' 
q 

4f i rt.. f 

EnNronmeMal Can the supplier yes Has a major public safety 
regulation demonstrate ern ronm ertal pollution i, 

through appropriate r dent encored at any of 
documentation that the suppliets sit.. or has 
procedures are in the suppler been charged 
place to ensure that wIn rnn-compliance in the 
each site meets all past' 
the requirements of 
relevant national 
and international 

environmental 
protection 

regulations' 

. e:. u ýs be. i V 

rhan m reduce 
the r, kto an 

. ptabl. level of 

Lti,, an incident 
,. using gam7 
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Product Does the cornpalry yes KLII 

have a Design for 
Environment (DFF) 
programme in 

place that is a 
f orrnsl pan of the 

product 
devebpment 

process and 
IoclWes a process 
for communicalirg 

product 
etweonmental 
Inl orrnallon to the 

customer' 

Ai.. 

pmdu: l devebpment 

process and to 
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and therefore 
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1.0 Introduction 
The second pilot study was conducted as a part of a broader research programme within 
the Advanced Design Technologies group on integrating supplier environmental data 
into the product development process and Product Life Cycle Management (PLCM) 
activities. The second pilot study was an extension of the first pilot study which focused 
on the trial of three versions of the new supplier environmental appraisal questionnaire. 
The aims of the second pilot study were to appraise 27 selected suppliers' 
environmental performance using the approved test questionnaire from the first study - 
the Nortel Networks Supplier Environmental Appraisal Procedure (SEAP) 
questionnaire. The suppliers were selected to represent a broad range of commodity 
suppliers. The questionnaire is designed to evaluate suppliers in terms of their 
environmental performance and to provide a means of providing product specific 
environmental data. 

The objective of this report is to provide feedback to the supplier organisations that 
participated in the trial. The report is available to each participating organisation but the 
identity of the other participating organisations will not be revealed. 

Meeting the requirements of customers, product-focused environmental legislation, ISO 
14001 accreditation and generally advancing the practice of ecodesign, requires the 
transfer of detailed product environmental information throughout the life cycle. 
Research conducted at Nortel Networks aims to assess the feasibility of such product 
data transfer and to develop appropriate methods with the supply chain. The Eco- 
Appraisal is considered a first step in a meaningful open dialogue on product and 
company environmental performance between Nortel Networks and the supplier. 

2.0 Method 

2.1 The SEAP Questionnaire 

The SEAP questionnaire is a product of extensive research and feedback from the first 
pilot study. The Nortel Networks Supplier Eco-Appraisal Procedure (SEAP) has been 
designed to capture environmental information from the supply base that will be used 
to: 

" support Nortel Networks ISO 14001 accreditation; 
" provide information for customers of Nortel Networks; 
" provide information for purchasers; 
" provide information for product designers; and 
" provide information for WEEE Directive Compliance. 

Layout 
The questionnaire consists of three core sections: 

Section I: Company Environmental Performance (Part A) 
Section 2: Product Environmental Performance (Part B) 
Section 3: Form Al (product information) 

Carl Mead - Advanced Design Technologies 23 July 1999 
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Media 
The questionnaire is available electronically in Excel and Lotus 123 formats. It is very 
difficult to complete the questionnaire in hard copy format. Suppliers are encouraged to 
complete the questionnaire electronically and to return it to Nortel Networks by e-mail 
or on disk. Options for an Internet version are being investigated. 

2.2 Contact Identification in Supplier Organisation 

A first contact in each supplier organisation was identified through the Nortel Networks 
commodity portfolio managers. Further contacts were then identified, such as 
environmental personnel, by the supplier as required. 

2.3 Questionnaire Completion 

Each participating supplier was sent the SEAP questionnaire in electronic format (Excel 
spreadsheet) and was asked to complete it in electronic format. A time frame was given 
for completion of the questionnaire. In many cases the deadline had to be extended. 

3.0 Results 

3.1 Supplier Appraisal 
Each of the questions in the questionnaire has a score associated with its answer. This 
enables a quantitative appraisal to be conducted for the purposes of ISO 14001 
compliance and continual improvement. The scores for each participating supplier in 
the study are provided in Appendix I. Only the identity of the one respective supplier is 
revealed but the results of the others are provided for comparative purposes. The score 
allocation for each answer is provided in Appendix H. The range of scores attainable for 
each section and in total are provided in Table 1 as well as the first target scores. 

Questionnaire Section Range of Scores Attainable 1` Target Scores 

EMS 0-110 110 
Eco-Labelling and Product 

Takeback 
0-10 0 

Manufacturing -20 - 25 0 
Use -20 - 20 20 

Ecodesign 0-105 55 
Product data provision 0-130 30 

Total -40 - 400 215 
Table 1. Scores for each section. 

Appendix I contains the comparative scores of the suppliers for each section of the 
questionnaire and the total scores in graphical form. The graphs also show two target 
scores for each section and a total that should be aimed for -a first target and a 
preferred target. 

* Important note: Supplier A is supplier number 14 in the 
results. 

Carl Mead - Advanced Design Technologies 23 July 1999 
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3.2 Supplier-Specific Feedback and Suggested Next Steps 

Supplier A has an excellent overall score - scoring 325 out of a possible 400. The first 
target score is 215. 

The score for policy and EMS is the maximum. 

The scores for eco-labelling and takeback, manufacturing and use are reasonable and 
consistent with other suppliers and meets the first target scores for these sections. 

The score for ecodesign is very good. 

For product data provision the score is excellent and well above the first target score 
because of the ability to provide total product material composition data. 

Suggested next steps: 

Supplier A continue their excellent work on environmental performance and continue 
providing product material content data as and when it is available. Further 
investigations on suitable alternatives to hazardous materials used in manufacture and 
present in the final product which satisfy the functionality and reliability for Nortel 
Networks applications is encouraged. This can involve working with Nortel Networks 
in addition to industry-wide groups in collaborative efforts. 

5.0 Further Work 

The next steps of the research programme are: 

1. to continue open dialogue with suppliers. This will include: 
" encouraging the provision of product data on product part numbers 

currently being supplied to Nortel Networks; 
" encouraging open dialogue between customer and supplier to enable 

the development of ideas to improve the environmental performance 
of the suppliers' products and Nortel Networks products in terms of 
design and manufacture; 

2. to standardise SEAP within Nortel Networks therefore making it the standard 
procedure for assessing the environmental performance of suppliers and capturing 
data; 

3. to extend the application of SEAP to all production engineering suppliers 
4. to develop and implement web-based methods of questionnaire completion and data 

transfer; 
5. to continually add supplier product data to the Nortel Networks component 

database; and 
6. to develop an automated system for the transfer of product environmental data 

through Nortel Networks product data management systems. 
7. in addition, work continues on a formal environmental procurement policy and 

procedure at Nortel Networks which is due to be implemented soon. 

Carl Mead - Advanced Design Technologies 23 July 1999 
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Appendix I 
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Nortel Networks Supplier Environmental Appraisal Procedure Questionnaire 

------------------------------------------ Confidentiality of Supplier's Information: The information requested and obtained :. " 
from the supplier In support of this questionnaire and which is Identified by the . 
supplier as being of a sensitive or proprietary nature, shall remain confidential and 
shall not be disclosed to any party outside of Nortel Networks and Its Subsidiaries. 
Where a Non-Disclosure Agreement exists between the supplier and Nortel 
Networks, then the terms of that agreement shall also apply. 

------------------------------------------ ........ :` 

Date , 

Address: 

E Tel. 
Name and 
position 

I 
Part A- Company Environmental Performance 
E i P i 

Yes No 

1.1 

2 

nv ronmental ol cy 
Does your company have an environmental policy supported by senior management? 

E i lM 

Yes No Comments 
10 0 

2.1 
nv ronmenta anagement System (EMS) 

Does our company have an EMS that is accredited to ISO 14001? 
Yes No Comments 

100 0 
If the answer to question 2.1 Is yes go to Part B, if the answer is no please answer 
questions 2.2.2.10 

22 Does your company have an EMS? 5 0 
2.3 Is your compaseeking ISO 14001 accreditation? 5 0 
2.4 Does the management system track developments in environmental regulations and 5 0 

relevant le islation? 
2.5 Does the EMS include a waste management plan? 5 0 
2.6 Does the EMS include a systematic approach to environmental improvement including the 5 0 

use of performance indicators? 
2.7 Does the company have a system in place for assessing the environmental performance of 5 0 

suppliers of products? 
2.8 Does the company have a system in place for assessing the environmental performance of 5 0 

suppliers of services? 

2.9 Does the company consider environmental impacts associated with its transport function, 5 0 
ie elivery of products? 

210 Has the company been prosecuted for environmental regulatory non-compllance? Details -10 10 
Part B Product Environmental Performance for all roducts 
S i 

1.1 
ect on 

Is the product marked with any voluntary eco-labelling (if applicable)? 5 0 

1.2 Does the company have a produc p rogramme in place or is one being 5 0 

2 

=, 
develo ed leases ecif in comon 
S ti 2M f ec on anu acturing 
Do the activities of your company require regulatory licensing? 0 5 

2.2 Are hazardous materials as listed in Form Al (tab below) used in the manufacturing of -20 20 
your products? 

2.3 Are you attempting to limit the use of the materials listed in Form Al in the manufacturing 20 0 
of your products? It you answered no to 2.2 above just answer no to this question. 
S ti 3 

3.1 
ec on Use 

Dunn the use of the roduct are any of the materials listed in Form At emitted'? -20 20 

4.1 Have any of the following eco-design strategies been used in the design process of the 
product? 
Hazardous material avoidance (see section 52) in component structure, coatings. 5 0 
Re-usability 5 0 
Marking of plastics 5 0 
Recycled material content 5 0 
Recyclability 5 0 
Thermal convection reduction 5 0 
Disassembly 5 0 
Packaging minimisation 5 0 
Transportation packaging re-use (take-back) 5 0 
Transportation packaging recycled material content 5 0 
Avoidance of coatin s and bleaches in transportation packaging 5 0 

4.2 Does the company have or intend to have a formalised eco-design programme that is part 50 0 
of the rod, u'I rl, "vtiopnuant v. nrss^ 

porlionnence dab. V On supplier, wainvere yes to any of the qmIllone, they am 

inerfulteclIttatift Process land fartillealons during was. LCA date Shoultill be providiell In 

5.1 Can te" 
'j, ' 1, it Ill. llt ýi. rl L IIIIent-s by' Ilý/t ,I lt, lbe Wrlyhl ýý II1,1 70 0 

product'> (Please complete component materials declaration in Form Al) 

5.2 If 5.1 is not possible, is the supplier prepared to sign a declaration of hazardous materials 30 0 
content in the product? Hazardous materials are presently considered by Nortel Networks 
to be those on the list in Form Al. (Please complete the hazardous material declaration in 
Form Al for each component) 

5.3 Can the supplier provide Life Cycle Inventory data on any of the products supplied to 20 0 
Nortel Networks? (Specify the products and provide the data in electronic format if 
available: ) 

5.4 1 Can the supplier provide guiding information on end-of-life management for the supplied 10 0 
products? 
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Appendix X. 

Web-Seap Files 



SEAP Development 

Welcome to Carls SEAP Development Site 

Page 1 of 1 

This site contains a prototype of a Supplier Eco-Appraisal Procedure questionnaire and 
eco product data capture tool. 

This page is very bare but if you click on the appropriate links below - the tool pages 
will come to life. 

If you are a supplier, click here. This link takes you to the supplier appraisal and information capture 
tool. 

If you are a Nortel Employee, click here. This link takes you to the data already provided by over 20 
suppliers that were involved in a pilot project. It includes the suppliers' questionnaire answers, scores 
and product eco-data. 
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BEST COPY 
AVAILABLE 

Variable print 
quality 



ERM Nortel Employee Menu 

W. ýý 

L. i 

a.. ý-- 

Page 1 of 1 

Welcome to the Supplier Eco-Appraisal Procedure 
Data Presentation Site. 

Here you can view the environmental performance information 
on production suppliers of Nortel Networks and also commodity 
specific material composition data. 

ý/ý 

'ý 

ý 

mm 

If you are looking for 

material composition data on 
a particular part, click here to 
see a list of the parts in the 
database, listed by CPC 

code. 

It you would like to search 
for the SEAP performance 
scores on a particular 
supplier, click on this link to 
select from a list of the 
companies in the database. 
Click here to see all the 
SEAP questionnaire answers 
from each of the companies 
that have completed the 
questionnaire. 
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New Nortel Networks Supplier Environmental Assessment Questionnaire 

Supplier Eco-Appraisal Procedure 

Page 1 of 1 

Welcome to the Nortel Networks Supplier Eco- 
Appraisal Procedure 

r 
.. 

r. 
y 

Guidelines for 
questionnaire 
completion are provided 
and should be read first. 
Download. pdf version 
Complete the SEAP 
questionnaire and 
submit the information 
on-line. 
Submit product material 
composition data on 
your company's 
products. 

""ý 

N1 1= 
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New Nortel Networks Supplier Environmental Assessment Questionnaire 

Supplier Eco-Appraisal Procedure 

New Nortel Networks Supplier Environmental 
Assessment Questionnaire 

Confidentiality of Supplier's Information: 

The information requested and obtained from the supplier 
in support of this questionnaire and which is identified by 
the supplier as being of a sensitive or proprietary nature, 
shall remain confidential and shall not be disclosed to any 
party outside of Nortel Networks and its Subsidiaries. 
Where a Non-Disclosure Agreement exists between the 
supplier and Nortel Networks, then the terms of that 
agreement shall also apply. 

1= m 

Page 1 of 1 
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Questionnaire Guidelines 

SEAP Questionnaire Guidelines 

Supplier Guidelines for the Completion of the Nortel Networks Supplier 
Eco-Appraisal Procedure (SEAP '99) 
lii', n,, furýin 

The Nortel Networks Supplier Eco-Appraisal Procedure (SEA P '99) 
has been designed to capture environmental information from the 
supply base that will be used to: 

support Nortel Networks ISO 14001 accreditation; 
provide information for customers of Nortel Networks; 

provide information for purchasers; 
provide information for product designers; and 
provide information for WEEE Directive Compliance. 

1x, -ui 

The questionnaire consists of three core sections: 

Section 1: Company Environmental Performance (Part A) 

Section 2: Product Environmental Performance (PartB) 
Section 3: Form Al (product information) 

(' nnpiciio n oi'thc Qtw', 601111, tirc 

Information can be freely added to the specified fields. 

Instructions 

1. Please enter the name and address of the supplier, the name of the 
person completing the questionnaire, contact details and the date the 
questionnaire is completed. 

2. For Parts A and B please answer the questions with yes or no answers 
by selecting the appropriate radio button. Explanations can be briefly 
stated in the comments field if necessary with brief evidence to support 
the answer. Form Al is a separate form. 

3. For questions 2.2,2.3,3.1,5.1 and 5.2, Form Al is provided which 
lists the "hazardous" materials of concern and enables the provision of 
product material content information (5.1 and 5.2). Instructions are 
provided on Form Al. 

3.1 The name and address of the supplier should be inserted. 

3.2. For an answer of yes to question 5.1 the Form should be completed 
for each part number or range of part numbers and additional "non- 
hazardous" materials should be added to complete the one hundred 

percent material composition. 

3.3 The part number (s) and a description of the part should be entered. 

3.4 The percentage weight of each hazardous material should be entered 
in the appropriate boxes. 

3.5 The percentage weight of each "non hazardous" material should be 

Page 1 of 2 
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Questionnaire Guidelines Page 2 of 2 

entered also. 

3.6 The actual total weight of the component should be entered in the 
appropriate box in grams. 

3.7 The total sum of the percentage weights for each material must 
equal one hundred. 

3.8 The additional boxes for each part number are used to indicate: 
" whether the substance is used in manufacture of the product (if it is 
listed as in the component it must be used in manufacture ; 
" whether it is being phased out of the manufacturing process where 
applicable; and 
" whether the substance is emitted during normal use of the product. 

3.9 A form should be used for each part or family of parts supplied to 
Nortel Networks. 

3.10 If the supplier can only provide a hazardous material declaration as 
asked in question 5.2, the estimated weight percentage of each material 
present should be entered in each of the appropriate boxes. 

3.11 It is acknowledged that certain substances present in the product 
could be trace contaminants and that a threshold limit for declaration of 
0.0 1% by weight should be used. 

Requirements and Dchnilwii. s 
Click on the links below to view the requirements that the supplier 
should meet to qualify the answers provided for. 

Part A 
Part B 

I iri, iI t'( uiuncnk 
The questionnaire should be completed according to the instructions 
provided. If the supplier has any questions regarding the questionnaire 
they should be directed to their usual point of contact at Nortel Networks 
who will forward queries to the appropriate Nortel Networks member of 
staff. 

A score will be allocated to each question for the purposes of ISO 14001 
continual improvement. The supplier's score will be given back to the 
supplier so that areas where improvements can be made may be 
identified. Open dialogue between suppliers and Nortel Networks is 
encouraged to facilitate the development of improvements in the 
environmental performance of products. 

ý 
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SEAP Questionnaire Part A Requirements 

Part A Requirements 

Question 
1.1 Does your company have an 
environmental policy supported by 
senior management'? 
2.1 Does your company have an 
EMS that is accredited to ISO 
14001? 

2.2 Does your company have an 
EMS? 

2.3 Is your company seeking ISO 
14001 accreditation? 

2.4 Does the management system 
track developments in environmental 
regulations and relevant legislation'? 
2.5 Does the EMS include a waste 
management plan'? 
2.6 Does the EMS include a 
systematic approach to 
environmental improvement 
including the use of performance 
indicators? 
2.7 Does the company have a system 
in place for assessing the 
environmental performance of 
suppliers of products'? 
2.8 Does the company have a system 
in place for assessing the 
environmental performance of 
suppliers of services'? 
2.9 Does the company consider 
environmental impacts associated 
with its transport function, i. e. 
delivery of products? 
2.10 Has the company been 
prosecuted for environmental 
regulatory non-compliance? 

SEAP Questionnaire Guidelines 

Requirement 

The supplier should be able to provide Nortel 
Networks with the policy if requested. 

The ISO 14001 accreditation certificate should be 
available for inspection by Nortel Networks. 

Documentary evidence such as an EMS manual 
should be available for inspection by Nortel 
Networks. 
Documentary evidence such as a company plan for 
gaining ISO 14001 in the next three years should be 
available for inspection by Nortel Networks staff. 
This should be able to be demonstrated through 
appropriate EMS documentation that should be 
available for inspection by Nortel Networks. 
The plan should be available for inspection by Nortel 
Networks. 
This should be able to be demonstrated through 
appropriate EMS documentation that should be 
available for inspection by Nortel Networks. 

This should be able to be demonstrated through 
appropriate EMS documentation that should be 
available for inspection by Nortel Networks. 

This should be able to be demonstrated through 
appropriate EMS documentation that should be 
available for inspection by Nortel Networks. 

This should be able to be demonstrated through 
appropriate EMS documentation that should be 
available for inspection by Nortel Networks. 

The supplier is expected to provide brief details of any 
significant environmental regulatory non-compliance 
events that have taken place that have resulted in 
conviction in a court of by a regulatory agency. 

ý 
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file: //W: ACarl%20Mead\EngD%202%2OFinal\Absolutely%2OFinal%20Documents%20... 1/31/2004 



SEAP Questionnaire Part B Requirements 

Part B Requirements 

Question 
1.1 Is the product marked with 
any voluntary eco-labelling (if 
applicable)'? 

1.2 Does the company have a 
product takeback programme in 
place or is one being developed'? 
2.1 Do the activities of your 
company require regulatory 
licensing'? 

2.2 Are hazardous materials as 
listed in Form Al (tab below) 
used in the manufacturing of your 
products? 
2.3 Are you attempting to limit 
the use of the materials listed in 
Form Al in the manufacturing of 
your products'? 

3.1 During the use of the product 
are any of the materials listed in 
Form Al emitted? 

4.1 Have any of the following 
eco-design strategies been used 
in the design process of the 
product (the strategies are listed 
in the questionnaire) 

SEAP Questionnaire Guidelines 

Requirement 
Eco-labels or declarations are available such as the Blue 
Angel, Nordic Swan or ECMA Product Declaration for 
certain products. If the product has such a label, details 
should be provided in the comments section of the 
questionnaire. 
A documented process for take-back of products or a plan 
of implementation should be available for inspection by 
Nortel Networks. 
Regulatory licensing is defined as a licence to operate 
that is issued by an environmental regulator or 
government agency because of the nature of the activities 
conducted by the company. An example is IPC 
authorisation in the UK. 
This is a declaration that the materials listed as hazardous 
in Form Al are used in the manufacturing of the product 
specified by the supplier by part number in Form Al. See 
section 3.10. 
If any of the hazardous materials listed in Form Al are 
used during manufacture of the product, but measures are 
being taken to phase out their use, this should be 
indicated in the appropriate yellow cells in Form Al. 
Documented evidence such as a phase-out plan, including 
the investigation of alternatives should be available for 
inspection. 
If, during the normal use of the product, any of the 
materials listed as hazardous in Form Al are emitted this 
should be indicated in the appropriate yellow cells in 
Form Al. 
The supplier may be asked to verify any answers of "yes" 
to this question and should be able to provide evidence of 
a strategy being applied to a specified product if 

requested by Nortel Networks. Strategy Definitions: 
1. Hazardous material avoidance is defined as deliberate 
actions taken to avoid the use of the materials listed as 
hazardous in Form Al in the product. 
2. Re-usability is defined as designing the product, or 
elements of it, for a secondary or even tertiary. 
3. Marking of plastics is defined as marking plastics with 
their type to facilitate recycling. This should be in line 

with ISO guidelines where appropriate. 
4. Recycled material content is defined as the active 
incorporation of recycled feedstock into the raw material 
used in the product. 
5. Recyclability is defined as optimising the ability of the 
product or raw materials to be recycled at end of life. 
6. Thermal convection reduction is defined as the 
minimisation and management of heat transfer from a 
component to the surrounding environment using passive 
cooling technology. 
7. Disassembly is defined as the simplification of product 
disassembly to assist the recovery of materials. 
8. Packaging minimisation is defined as using the 
minimum volume of packaging required to protect the 
product in transit. 

Page 1 of 2 
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SEAP Questionnaire Part B Requirements 

4.2 Does the company have or 
intend to have a formalised eco- 
design programme that is part of 
the product development 
process? 

5.1 Can the supplier provide a list 
of material contents by 
percentage weight of the total 
product? (Please complete 
component materials declaration 
in Form Al) 

5.2 If 5.1 is not possible, is the 

9. Transportation packaging re-use (takeback) is defined 

as maximising the capability of packaging to be re-used. 
10. Transportation packaging recycled material content is 
defined as maximising the use of recycled feedstock in 
the packaging without reducing functionality below an 
acceptable level. 
11. Avoidance of coatings and bleaches in transportation 
packaging is defined as designing and manufacturing 
packaging without using bleaches or unnecessary 
coatings. 
Documentary evidence of a systematic approach or a plan 
to introduce environmental criteria into the development 
of products with the specific aim of minimising the 
environmental impacts associated with the products' 
manufacture, use or disposal should be available for 
inspection by Nortel Networks. 
An answer of "yes" to this question means that the 
supplier is in a position to be able to provide the material 
content by percentage weight of all products currently 
supplied to Nortel Networks. The information should be 
entered with the part numbers in Form Al. Please see 
instructions in section 3.2 and in Form Al. If information 
is only available on some parts this should be stated in 
the comments column of the questionnaire. 
An answer of "yes" to this question means that the 

supplier prepared to sign a supplier is willing to declare the existence of all of the 
declaration of hazardous materials materials listed as hazardous in Form Al. The weight 
content in the product? percentage in each part must be declared for each part 
Hazardous materials are presently number in Form Al. Please see instructions above. If 
considered by Nortel Networks information is only available on some parts this should be 
to be those on the list in Form Al. stated in the comments column of the questionnaire. 
5.3 Can the supplier provide Life An answer of "yes" to this question means that the 
Cycle Inventory data on any of supplier can provide life cycle inventory (environmental 
the products supplied to Nortel burden quantification stage of life cycle assessment) data 
Networks? (Specify the products on specified products supplied to Nortel Networks. The 
and provide the data in electronic supplier should specify which products and provide the 
format if available: data if available. 
5.4 Can the supplier provide An answer of yes to this question means that the supplier 
guiding information on end-of- can provide information to facilitate end-of-life options 
life management for the supplied for the products supplied to Nortel Networks. The 
products`? information must be provided and the products specified. 

If information is only available on some parts this should 
be stated in the comments column of the questionnaire. 

ý 
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Add Supplier Information Page I of 2 

Part A 

Name of Supplier 

Address 

Contact Name 

and Position 

Contact Tel 

Date Completed 

1. Environmental Policy 

1.1 Does your company have any 
environmental policy supported by the 
senior management? 
Comments: 

2. Environmental Management System (EMS) 
2.1 Does your company have an EMS that is 
accredited to ISO 14001? 
Comments: 

ýýýýYesýNo 

Yes 

l/tlic ctnvrccr trý Ili (, stii ýu 2.1 is ýrýc ,, o to Part R. i/tlrc cau. sirrr is no plcn. w misi-rcr i'Iucstiolllý. 

_'. 

2.2 Does your company have an EMS? 

Comments: 

Go to Part B 

; Yes `_'-No 

2.3 Is your company seeking ISO 14001 
accreditation? 

ý_ ' Yes 

Comments: 

2.4 Does the management system track 
developments in environmental regulations 
and relevant legislation? 
Comments: 

l! Yes No 

2.5 Does the EMS include a waste 
management plan`? 

ý) Yes No 
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Add Supplier Information Page 2 of 2 

Comments: 

2.6 Does the EMS include a systematic 
approach to environmental improvement 
including the use of performance indicators? 
Comments: 

Yes 

2.7 Does the company have a system in place 
for assessing the environmental performance 
of suppliers of products? 
Comments: 

2.8 Does the company have a system in place 
for assessing the environmental performance 
of suppliers of services'? 
Comments: 

2.9 Does the company consider 
environmental impacts associated with its 
transport function, i. e. delivery of products`? 
Comments: 

2.10 Has the company been prosecuted for 
environmental regulatory non-compliance? 
Details: 

Yes 'I_ No 

'Yes ` 

l Yes 

! Yes 

Go to Part B 
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Add Supplier Information - Part B 

-I 

Part B 

Name of Supplier 

Address 

Contact Name 

and Position 

Contact Tel 

Date Completed 

Section A Score 

I 

C i 

1. I' colahling and Product '1'akcback 

1.1 Is the product marked with any voluntary eco-labelling (if applicable)? 
Comments: 

1.2 Does the company have a product takeback programme in place or is 
one being developed (please specify in comments section). 
Comments: 

2.1lanufacturing 

2.1 Do the activities of your company require regulatory licensing? 

Comments: 

2.2 Are hazardous materials as listed in the used in the manufacturing of 

your products? 
Comments: 

Hazardous Materials List 

2.3 Are you attempting to limit the use of the materials listed in Form Al 
in the manufacturing of your products? If you answered no to 2.2 above 
just answer no to this question. 
Comments: 

3. [se 

3.1 During the use of the product are any of the materials listed in Form Al 
emitted? 
Comments: 

4. Eco-Design 

. 
ýý Yes ý ýýý; No 

Yes No 

Yes 

Yes 'No 

Yes : .' No 

iYes )No 

4.1 Have any of the following eco-design strategies been used in the design process of the product? 

Page 1 of 3 
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Add Supplier Information - Part B 

Check all that apply. 
Hazardous material avoidance (see section 5.2) in component structure, 
coatings 
Re-usability 

Marking of plastics 

Recycled material content 

Recyclability 

Thermal convection reduction 

Disassembly 

Packaging minimisation 

Transportation packaging re-use (take-back) 

Transportation packaging recycled material content 

Avoidance of coatings and bleachings in transportation packaging 

Comments: 

4.2 Does the company have or intend to have a formalised eco-design 
programme that is part of the product development process? 
Comments: 

`Yes No 

5. Product Environmental Information 
The a,, vers to the fnlluuvnl; questions trill pre>vid" Nortel : V, 'Iu arks with im inelicolion of tlic 
supplier's ability to prot, ide detailed product enrirotuucntul pcrlorntunce data. lilhc supplier 
an. crrcrs yes t0 any of the elne. stiom, they are reque. cled to ioe Form Al fir the proeisiou of 'product 

material composition (Iota, the indication a% the use and phasing out of hazardous tnuterials in the 
inamffaenuinc pruceNs and c'ntissions dru'im" usc. l, ('-1 (111tnr. chrndd be, provided in clecuonicfot'ntot 
if uruiloblc. 
5.1 Can the supplier provide a list of material contents by percentage 
weight of the total product? (Please complete component materials Yes (., No 
declaration in Form Al) 
Comments: 

5.2 If 5.1 is not possible, is the supplier prepared to sign a declaration of 
hazardous materials content in the product'? Hazardous materials are 
presently considered by Nortel Networks to be those on the list in Form 
A1. (Please complete the hazardous material declaration in Form Al for 
each component) 
Comments: 

5.3 Can the supplier provide Life Cycle Inventory data on any of the 
products supplied to Nortel Networks'? 
Specify the products and provide the data in electronic format if available: 

5.4 Can the supplier provide guiding information on end-of-life options for 

Yes 

'Yes , No 

Yes No 
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Add Supplier Information - Part B Page 3 of 3 

the supplied products'? 
Comments: 

Next 
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Supplier Information Response Page 1 of 1 

Component Materials Declaration 
Please enter a new CPC code in the text box below. Alternatively if you 
would like to edit an existing component please select one from the list. 

CPC code: 
Description: 

Proceed to Form Al 

Existing CPC Codes 

ý 
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Supplier Information Response Page 1 of I 

J 

Thank you for entering information on . 

Your score for Section A was 0 out of 110. 

Your score for Section B was 0 out of 290. 

This gives you a total score of 0 out of 400. 
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Supplier Information Response 

Component Materials Declaration 

Supplier: Aromat_Corporation CPC: A0376555 Total Weight: 2g 
Description: 

Material Percentage of 
Total Weight 

Page 1 of I 

Used in Phase Out of Emitted 
Manufacturing Use During 

Process? Planned? Use? 

Hazardous Metals 

Arsenic and compounds 0 

Beryllium and compounds 0.16% 

Cadmium and compounds 0 

Chromium (VI) and 0 
compounds 

Lead and compounds 0.22% 

Mercury and compounds 0 

Nickle and compounds 0.01% 

Hazardous Organics 

Halogenated/Brominated 5.8% 
Flame Retardents 

Ozone Depleting Substances 0 
(HCFCs etc) 

PVC 

Polychlorinated biphenyls 
(PCB) 

Polybrominated biphenyls 
(PBB) 

Polybrominated diphenyl 
ethers (PBDE) 

Chlorinated Hydrocarbons 
(Chloroparrafins, others) 

Nonylphenol etoxylates 
(NPE) 

Other 

No NA 

Yes No 

No NA 

No NA 

Yes No 

No NA 

Yes No 

Yes No 

No NA 

No 

No 

No 

No 

No 

No 

No 

No 

No 

0 No NA No 

0 No NA No 

0 No NA No 

0 No NA No 

0 No NA No 

0 No NA No 

ý 
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ERM Part List 

Component Materials Declaration 
Click on a CPC code to view the material composition of the component. 

t I, c 
A0376555 
A0615254 
A0627370 
A0608995 
A0323848 

Name Of Suppliers who prOV i(Ie Nortcl with this part 
(click for contact information) 

. Aromat_Corporation 

A0628191 
A0329249 

" AVX_Cor p oration A0293769 
A0312156 
Tin Lead PWB_V 1 Tin 

---- Tin Lead PWB_V2 
" Hadco_Corporation 

Tin PWB_V3 
Organic_Coat_P_W B 

39CMCOI OIOABT 
A0680667 
39CMC03004ABX 
HM6264FP 

. Hitachi HM628128FP 
HM62256FP 
A0649732 
A0617524 
SOIC_8 
SOIC_14 
SOIC_16 
SOIC 2OW 
PLC C_44 
PD1P_8 
PDIP_14 
PDIP_16 
PD I P_20 
PDIP 24N " Motorola_SPS 

PDIP_24W 
PLCC_20 
TSSOP 14 
QFP64 _- 

QFP44 
QFP80 
PQFP 132 
LQFP 100 
AII_M, agnetics Pulse-Engineering 
PWB_Estimate " Sanmina_Corporation 
A0385122 
A0742915 
A0368228 " ST_Microelect-ronics 

-- -- - A0383429 
A0383931 

Page 1 of 2 
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ERM Part List Page 2 of 2 

All-plastic-parts 
All-ceramic-parts . Texas Instruments Inc 
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ERM Supplier List 

Supplier List: Click on the name of a supplier to view their answers to the SEAP questionnaire. 
Supplier 

Amp-Inc 

Aromat_Corporation 

Astec Power Solutions 

AVX_Corporation 

Bourns 

CMAC 
CP Clare 
Delta Electronics 
FCI 
Hadco_Corporation 
Hitachi 
JPM 
Mitsubishi-Electric-Corporation 
Motorola SPS 
Nichicon 

Pulse-Engineering 

Sanmina_Corporation 

Solectron 

ST Microelectronics 
Texas Instruments Inc 

Page 1 of 1 

Section A Scorc Section li Scor(, Total Score 

0/ 110 70 / 290 70 / 400 

0/ 110 0/ 290 0/ 400 

0/ 110 0/290 0/400 

0/ 110 0/ 290 0/ 400 

0/ 110 0/290 0/400 

110/110 230 / 290 340 / 400 

110/110 205/290 315/400 

110/ 110 30/290 140/400 

50/ 110 125/290 175/400 

50 / 110 165 / 290 215 / 400 

35 / 110 70 / 290 105 / 400 

40/ 110 20/290 60/400 

110/110 155 / 290 265 / 400 

35 / 110 185 / 290 220 / 400 

35 / 110 140 / 290 175 / 400 

110/110 230/290 340/400 

30 / 110 80 / 290 110 / 400 

110/ 110 115/290 225/400 

110/110 215/290 325/400 

110/110 155 / 290 265 / 400 

55 / 110 150 / 290 205 / 400 

55 / 110 215 / 290 270 / 400 

60/ 110 40 / 290 100 / 400 

110/110 220 / 290 330 / 400 

1 10 /1 10 135 / 290 245 / 400 

ý 
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ERM Supplier List 

Component Materials Declaration 

Page 1 of 1 

Please select your company from the list below to add a new / or edit an existing part. If you do not see your companys n, 
codes and materials data of supplied parts. 

Name of Supplier List of CPC Codes of Parts Supplied 

Amp Inc 
Aromat Corporation 

Astec Power Solutions 

AVX Corporation 

Bourns 

CMAC 
CP Clare 
Delta Electronics 
FCI 
Hadco Corporation 

A0376555 A0615254 A0627370 A0608995 A0323848 

A0628191 A0329249 A0293769 A0312156 

Tin_Lead_PWB_V1 Tin_Lead_PWB_V2 Tin_PWB_V3 Organic_Coat_PWB 

Hitachi 39CMCO101OABT A0680667 39CMC03004ABX HM6264FP HM628128FP HM622-1 

JPM 
Mitsubishi Electric Corporation 
Motorola SPS 
Nichicon 

SOIC_8 SOIC_14 SOIC_16 SOIC_20W PLCC_44 PDIP_8 PDIP_14 PDIP_16 PDIP_. 

Pulse Engineering All 
Sanmina_Corporation PWB_Estimate 

Solectron 
ST Microelectronics A0385122 

A0742915 A0368228 A0383429 A0383931 

Texas_Instruments_Inc All_plastic_parts All-ceramic-parts 

file: //W: \Carl%20Mead\EngD%202%2OFinal\Absolutely%2OFinal%20Documents%20... 1/31/2004 



Supplier Answers Page 1 of 2 

Company Supplier Performance 

SEAP Data for Amp_Inc. Completed 27/01/99. 

Part A 

1. Environmental Policy Answer Score 
1.1 Does your company have any environmental policy supported by the senior 
management? 
Comments: Translated into 14 languages 

2.1 nN ironmental \Ianag; cnucnt Sv, stcm (E\IS) 

Yes 10 

2.1 Does your company have an EMS that is accredited to ISO 14001? yes 100 

Part B 
1. I': colabling and Product 'Fakeback 
1.1 Is the product marked with any voluntary eco-labelling (if applicable)? No 0 

1.2 Does the company have a product takeback programme in place or is one being 
No 0 developed (please specify in comments section). 

2. Alantilacturing 
2.1 Do the activities of your company require regulatory licensing? Yes 0 

2.2 Are hazardous materials as listed in the used in the manufacturing of your products? Yes -20 
2.3 Are you attempting to limit the use of the materials listed in Form Al in the 
manufacturing of your products? If you answered no to 2.2 above just answer no to this Yes 20 
question. 

3. lsc 

3.1 During the use of the product are any of the materials listed in Form Al emitted'? No 20 

4. Lco-Design 

4.1 Have any of the following eco-design strategies been used in the design process of 50 
the product? The following have been specified. 
Hazardous material avoidance, Re-usability, Marking of plastics, Recycled material 
content, Recyclability, Disassembly, Packaging minimisation, Transportation 
packaging re-use (take-back), Transportation packaging recycled material content, 
Avoidance of coatings and bleachings in transportation packaging. 

4.2 Does the company have or intend to have a formalised eco-design programme that Yes 50 is part of the product development process? 

5. Product FnA ironmental Information 
5.1 Can the supplier provide a list of material contents by percentage weight of the total 
product`? 
Comments: yes 
5.2 If 5.1 is not possible, is the supplier prepared to sign a declaration of hazardous 
materials content in the product? 

5.3 Can the supplier provide Life Cycle Inventory data on any of the products supplied 
to Nortel Networks? 

5.4 Can the supplier provide guiding information on end-of-life options for the supplied 
products`? 

Yes 30 

Yes 20 

Yes 10 

Total SEAP Questionnaire Score 340 
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Appendix XI. 

M7310 Phone Images 



Appendix XI. M7310 Telephone Images 

M7310 Telephone Front View 

M73I0 with Vn>nt ('uvrr 1Zcnuo\cc1 

I 

M7310 All Disassembled Parts 



LCD and Mylar Film Circuit 

Speaker Assembly and PCB 
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Appendix XII. 

M7310 Bill of Materials 
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Appendix XIII. 

i2004 Phone Images 



Appendix XIII. Images of i2004 

i2004 Telephone Front View 

ýd 

i2004 Telephone All Parts 
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i2004 Phone Bill of Materials 
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Appendix XV. 

Ecodesign Proposals for i2004 



Appendix XV Ecodesign Proposals for i2004 Next Generation Design (Hamra and 
Collins, 1999) 

1. Speaker Enclosure 

"Current Design: The speaker enclosure consists of 2 molded pieces of ABS plastic, assembled 
with an elastomeric gasket between them, to assure a tight seal. The two pieces are fastened 
together with 6 Phillips screws. The ABS pieces are 2.5mm in thickness and the speaker 
enclosure weighs 71.4 grams. 

*Proposal 1: Ultrasonically weld the 2 molded ABS pieces together, with the loudspeaker 
mounted inside, to form a sealed but separate speaker enclosure. 

*Environmental Advantage: This change would reduce the component count (eliminating the 
gasket and the 6 screws) and the time for final assembly and disassembly. At recycling the 
assembly could be sliced or crushed to remove the speaker assembly. A preliminary trial of this 
construction was attempted but additional analysis is required. 

"Proposal 2_ Mold the 2 halves of the speaker enclosure as integral parts of the telephone set's 
front and rear case. 

"Environmental Advantage. In this proposal, the gasket is still required but the two separate 
pieces of ABS plastic are eliminated. Some of the original 6 screws may still be required, to apply 
enough pressure to seal the gasket, but these screws would appear in the rear case of the set, 
not internally. In the integrated set, the total weight of ABS plastic should be reduced. Final 
assembly time should also be reduced. 

-Notes: The round audio port in the rear of the speaker enclosure requires a tool which is 
withdrawn from the mold before it is released. The current design with the 2 piece enclosure also 
requires this type of tool. The 2 proposals above should be evaluated by the mechanical design 
team for selection, based on total costs. 

2. Speaker Grill Cover 

"Current Design: The speaker grill is a snap-fit design consisting of an array of perforations 
made in a Delrin (an acetyl resin from Dupont) panel. The grill cover is 1.45mm in thickness. Its 
design is intended to enhance the image of the 12004 Internet Telephone set. No attempt was 
made to use ABS plastic because SPM, (the plastic molders in Calgary contracted for E2 work), 
considered the size of the perforations too small for the flow characteristics of ABS. The cost of 
the double cavity tool for the Delrin grill alone was $110k, whereas the tools for the front and rear 
ABS case for the E2 set was only $60k. There is clearly an opportunity to reduce the cost of the 
set here. 

"Proposal 1: Run tests to see if molding a similar snap-fit grill design in ABS is possible. 

"Environmental Advantage. An ABS grill would reduce the number of types of materials used in 
the set, the number of processing steps and the cost and energy to manufacture the set. Delrin 
costs almost 3 times that of ABS ($2.18/Ib U. S. whereas ABS costs $0.74/lb). Nortel's recycling 
plants only handle ABS at this point in time. Introducing a new material such as Delrin could 
have a negative impact. 

'Proposal 2; Modify the set design, to fully integrate the speaker grill into the molded front case. 



"Environmental Advantage This change would reduce the cost of the product by eliminating the 
expensive mold for a separate Delrin grill. It would also reduce the number of parts for assembly 
and also reduce the number of materials for recycling. 

-Notes: To successfully adopt either proposal above, the set designers should consider 
modifying the specified grill hole diameter and hole pitch, to allow the use of ABS plastic. The 
potential cost and environmental advantages could be realized with little effect on the perception 
of the set's image. 

3. Printed Circuit Board (PCB) 

"Current Design: The E2 set has a single, fine pitch, 6 layer FR-4 PCB, with a gold finish over 
copper tracks. The board is 1.5mm (60 thou) in thickness and measures 14 cm x 18.8 cm. It is 
assembled with single-sided through hole and surface mount components. The secondary side 
of the PCB is bare of components, which provides a smooth flat surface for 38 keypads. This 
strategy requires that the PCB must be as extensive as the length and breadth of user keys, 
across the set. The display connections are heat sealed onto the board. Two mylar circuits are 
connected to the PCB with a pressure connect, to access the hookswitch and speaker phone 
keys. Silver inks were used on the mylars, for high conductivity. 

*Proposal 1: Reduce the FR-4 PCB area by up to one-half, by changing the design to a double 
sided PCB for component mounting and a mylar circuit, for all key contacts. This effectively 
decouples FR-4 PCB area from the distribution of user keys. The large components in the power 
circuit (this set is powered from an AC converter) may restrict the available board area reduction. 

*Environmental Advantage This proposal could result in a reduction in the material and the cost 
to manufacture and to recycle this product. A trade-off analysis is required to determine the best 
strategy for reducing the FR-4 board, while growing the mylar keyboard. 

"Proposal 2: Further reduce the set's FR-4 PCB area and electronic component count by highly 
integrating active components on custom silicon ASICs. The IC selection and integration for the 
next generation internet telephone set is already being investigated by Paul Smeulders of AT22. 
A cost analysis of this option should be guided by his recommendations. 

"Environmental Advantage Same as Proposal 1 above. A cost analysis is required to 
determine the extent of this opportunity. 

Notes: Proposals 1 and 2 above are complimentary and could be initiated one after the other or 
at the same time. 

Liquid Crystal Display (LCD) 

Current Design: The E2 set uses a monochrome STN display cell, attached to the PCB with two 
heat seal connectors. An ABS plastic mechanical support, 2.0 mm in thickness, is located behind 
the display. The drivers and controller for the LCD (PQFP and BGA packages) are resident on 
the PCB. 

"Proposal: Migrating the display driver/controller circuits into Chip-on-glass (COG) or Tape 
automated bonding (TAB) packaging could reduce PCB size--there will be fewer ICs on the PCB 
and the resulting interface with the PCB will be much less real estate intensive than the heat seal 
landing sites. This "thinner" type of interface (i. e. 30 to 50 signals instead of 224) should result in 
lower material and process costs than with heat seal. Interfacing to a display "module" instead of 
to just a cell is also the means to evolve to a display with higher resolution than the current one 
(see "Notes" below). A cost analysis is required to make a recommendation. 



"Environmental Advantage: The packaging alternatives could provide a reduction in the 
number of processing steps, energy, amount of material used and potentially the cost to 
manufacture. 

- Notes: The next generation internet telephone set will likely offer a full graphics display. 
Upscale sets could offer displays as advanced as colour VGA. 



Appendix XVI. 

SNSE Bill of Materials 



} 
' 

} 
} 

} 
} : 

- 
S s g ' ý ýý 

} ý 
} ý 7 

} } ös 
ýý 

yy ý ý 
! 

yy 
? d 99 5 7 o oý >ý Y ýK ý ' 'ýý 

ý 

ý 
6 8d g F5 w i 5 , w ý i t i 

q ý 
ýg 

ýý ýg 
b dýý dý ý y ' g ri ý g 83 

I . a r 
I 

5 .' ýz ý ý ýa aG 

E nM1 r i: 1±i1 ý'f` 
.6 .n 

11 

T 

ýý 
., 

ý w rv 
r r 

ýl ý 

ýý 
? 

....,, 

II 

,., 

I 

a 

1II 

s I 
I ,, a e 

,, 
. ,, 

"Iý 
IyS 

I 
ýa 

j,.: 

l 
ý 

` 

. . 

ý: d 
>I 

11 

tI' 
: "Iý 
. 

I. ý I... 

' 

II 
. I 

IIý 

I. 

I 

I-. 
ý 

I 

: 

ý. 

, 
L; I1 

17 ti 
f'ý' 

t,.. tl 1 

ý I 

ýt 

I 
. ý". _I, ., ý ý 

I 
a?: ý . 

ý.,,; 

,u 



1 ý M H I ] 11 H ] [ ý - -- -- - -- -- - 

ý,: l A 

I 

_'ý 

ý 

. _I 

- 

ý 

]] 
SB 

'. 

_ 

. 
'9 F6 

ý 

ý 

55ýý 
8 

e 

ýA. 

I.. 
Iý 

g 
Rýý 

Y 

. 

a ýM 

Y 

a Aö 

F 

ý8 

sä 

ýý 

ý, 

yy 
6e 

ýa 
3d 

d3 
Yö 

ý 

ý" 

og 

.N 

v ý, 

". 

.T 
ti- 
£3 

R 
I 

'n 

- 
ý< 

a I 
ý 

K 

g 

gi 

ý" 
; 1N 

1 

; 

g 

ý 

'3 

: 
y< 

I 

t, 

F3 
`s 

t1 

C 

z 

5 

gg 
4R 

ý. f 

ý'ý 

'6 

' 

ý 

¬ 

-ý£ 

ý 

A 

ý I 
4 

ý. 

sr 

ý 
ý 

y 

ni 

ý 

ý 

: 

°, 1 
:y 

'ý 
Ät 

,. 

'f 

lý 

g 

P 

ým 

C F ý 

ý 

3ý 

Sý 

ýi 
y -t 

y 

aN 

YTq 

ýA 

? 

I4 

. 

3 

ýt1 

jII 

I 

-- 
: 

Y 

I 

Y 

- 
g 

M 

<Iý 

. 
ý" 

ý 

'f 

Ik1 
`. 

l 

- 

f 

'ý 

k2 
j 

I 

5 IPY 

I 

s 

ý. 3ý 
11 
I 

I 
yl 

. i* 
ý2 

:ý 

{ 

y 

r3 I 

t 

ý"Il 
I 
1 

)ýý 
I 
f 

ýIý 
ý 

}g 

a 

35 

1 

ýý ý 

P 
J 

ýy 

'. 

+ýýý 

"ý'ý" 

] f 
Iý 

ý. 

}` i 

I 

° 

ý 

II 

i 

ý 

ý I2 

.1 I 

ý 

ý I-. 
3 ý I. 

'. 

iii 
l I. 

g 

P' 

II 
tI ý1 

,} 

I 
II 

f 

7 

3ý 

t: 

ý 

ý I_ 

q 

ýý 

ýýý 
ý 

ý. 

ý, 

ýH 

ý`ý I 
ýýte 

ý 
PA ýk 

M"t 

ý 
4 ä$ý 



' II I I I 
ý ý 
11 11 11 11 11 h 1 11 111 11 1 1 11 11 1 1 I N I 11 111 11 1 1 1 H I M 1 11 1 1 11 11 11 11 11 1 1 1 11 1 1 11 11 11 1 11 11 11 11 111 1 11 1 1 11 11 11 1 -- 

ý 3 

S 

ý 

` 

ý 

: 
^R 

pR !s 

" 

"} 

` 

a 
£ 
P 

rý 

, 

ý, 
ý 

F 

, v 

ý 

3 

S" 

4 
ýq 

$ 
ý 

¬, 

". 3 
y. 

- 

3 

ý$ 

b 

3, 

K 

i 
Z 

3? ýw 

ý 

= 

3 ý ýý 
ý 

ge 

;ý 

g 
35 

; 

ýS ý ý ý 
. 

tSl 

, 

ý 

ý 

ýý 

$ 

ý d 
ýý 

i . 

e 
ý 

. 

a 

E 

ý ý 

ýý 

` 

gA 

I 

ý} 

iR 
yycc-R 
Aý" 

yý 

RaRY$ 
?S 

ýR 
ýý 

ý( 

. 

HR 
ýµµ; 

Y 

jý 

ýý 
ý'tl 

ý' 

oý 
,1 

i 

Mt 

ýý 

CN 

. 

YH 

.l 

'f`A 

ý 
ta 

ýý 
W 

Sn K 

F; 

'ý 
ýh 

výý 
ýyý 

ýý 
p4 Ö 11 

XP 

ýRýiýý 

ý^f1, ý ýý . xi 
X 

YS 
W 

rl 

8 

Ný 
4i 

ýl 

Mg 

ýýn 

Y1f 
"4 

A. 
;, a 

R 

,, 

ýi 

, ýý 

rlý 

ý 
ý 1y 

ý 

lý 

ý- ab bý ýk 
ý. 

ý i 1jj7 

i ýY 

I 

', 

\ ýý' 



ý 

; 

',. 

I' 

.. 

a 

Iý 

ý 

ý 

. 

° 

jI 

IIIII 

;. 
t. 

I'. 
I 

t 

ä 

ý". ý 

, 

llhlý 

ý 

, 
. 

l 

. 

.. r 
.. 

ll 

S 

ý 

ý 

.. 

ll 

p 

ý 

. 

h 

L' 

l 

. 
. 

,; 
.: 

H 

P 

7 

K 

t 

.. 
-. 

il 

Fý 

ý5 

Iý 

ý 

l 

I 

. 

}y 

'9 

:.. ý 
... 

K 

,. 
. 

't 

. 

6 

. 

4. 
ý 

.g 

. 
.. 

d 

1, 

0 

ý; ýý 
... 

v 
.. 

l 

t 
. 

S 

. 

IýI 

1 

g 

et 

,,, 
} 

t 

ýI� 

t 

i 

ý^ 

.iI 
... 

[ 

I 

I. 

t 

q 

§ 

} 

IL 

iI 

. 

9i 

"I 

. 

iý 

.. 

ýn 

VI 

.I 

ý 

ý 
1 

. 

1 

I 

96 
°! ý 

: 

"Ii 

.7 

l 
t 

1 

II 

g 
{ 

II 

6 

`I 

a 

ý 

R 

, 1ý 

.. 
ý 

q 

I 

R 

I 

f 

I I2 
1ýI3 

: SI : 1ý 'ý1 ý. 

ý 

; ý"' 

u 

.. 
. 

'yäyp? 

8ý 

I. 

ýa 

}ý 
S 

I 

.. 
'. r, 

M 
pNP 

ý,, 

% 

I:, ' 

'y ' 
ý 

.; 
ý 

N ' 3Y N 'ý 

9ß öA 

y' 

A 

t 

ý4 t x1 
t 

ý 
T t 

1ti4 
9 9\ h 

S Ki ý: W 
./ 

3 

t 
yy 

I 

Atý 

ý1, 

4 
F°NIR 

. n1. 

- 

_ýWN C iý 

I 

VKl 

.. 
K' 

d 

' ; 

ý 
R 

py 

r 

pý 

;? F 
y: 

l lII 

I`` 

T 

1 

: 

ý 

XN J. F. ý ýý 
x ý ýg 

rYý 7ý 7x 

xý 31 

GP 

.4 
r 

'., 

' 

ýý Ka} 



Y Y 

Y Y Y 

Y Y 

Y Y Y Y 
ý ý ä äý ä ä ä ä äý äý äý äý äý 

$$ 

s s 

. 

p 
i 
. 

ý 

ý 

< 
s 
< 

s 
. ý s s " ý ` s " 

s 
` , 

py§E r 

ý ý ý gg 
9 

j ý $ ý ý ý ý ý ý 

ýY 

y p Y C Y 
P S i 5 5 5 5 5 5 

ý 
Y ! ! ! ý 

T F F I I 

H d dä ý- N ý 

ü , & 

a a a z rt ý 
I` ý 

ý 
ý 

^ý ý ý dä , 
ýÄ , F + I `` zi I I p 3 

1 I 

I'll'_. `i, '7 

1II 

. 
Iýý 

I I . It 1 G' R fC 
ý 

R" 
ý 

I I I } 
, 

. ,. , 1" ý:. ,. 
1' 

I 
I 

Iý I. 
ý 

i I 
ýi 

ii . 
ýi tI 

i 
ý ý r ., 

f>.. 
7 " 8 "y p". _ _ _ 

3. 
9 

pg< 
ý 5[p, ýpj . 

ý{ 
ý a) ý7 K} )ý 

a 
f. 

. 
Y> 

; 

)% 
ý Yý: 

ý 

ý ýý 
Y2 6J 

y 
ýY 

Y 
Yý l: ý tj ý R H Y h ý, ̂ , . oR . $ . 

ý 

i _ 
Y[ %# 4C .r v' 1. Rft .p ý' ý. 

S 
c, 

j ; 3$ } 
Sý 

g 
öR 

py 
8 RR 

ýý 
ÄB y 

;ý 
" _ " ' 

9 Pý 



ý M ]ý E w H ý lý ý ý ý ý H ý R I M 

Y Y 

! g 

dY 

ý 
ýY 

$ z 

ý Y 
66 

F ý 

g 

ý F E ý E i i i ý E Y ý 8 

gg pp 
yq gf 5e 

I 
{p 

? - - - - a - - 

1 1 1 1 H I M 

- S b 8 S ý ' 4 

' ¬ 
z 

¬ 
z 

s z 

LL 

c' ; 

ý 

V 

ý 
Y V 

Y ý Y V V V V VV 

I ý 

_ 

t 
- 

1 ý 



I m u 

O E M 

M i l l I 1 1 
, 

H I ý1 ý ý M ýý I 

a 

! ! 1 !ý ! ! 1 ! ! 1ý 1ý 1 ! Iý 1ý ý 
ý 

H I M I 1 1 1 1 11 11 11 11 11 11 11 1 111 11 11 1 111 1 

a 
i 
1 

ýß 
_eý Hg äa &H 3 8 ¬ '3 aý ;; ý 6 

ýý ýb ýý bk '{b ý3 ä ý 
, 3 ä $ wn -� ' # 

x ý < ip u ý ; ý ät 3 a 
a d ý 

ý 
$ r 

_ ý sý d 
ý3 

ý: ý ý i "ý rt iw 3ý F I a 

z 
ý 

l A öµ 
I> I-I I 

}, t 
ý> > r> ý, I{ 

ý 

F 

` 
i 

y s u ý y o L 1 

' 
Y 

ý } 

I 
ýj ! s d r s r yw ýr 

Il 
t r i if i 

{ 
I ý iI r II 1 j 

I 
ý 

I 
_ C _ ý _ 3 

i t Z I, 
I_II I I I3 ý Iý IýI" Iý I 

x ýI: 
II 

II 
II 
IT ; 

17 I 
I 

I>I 
ý i t, ', 

I I 
.. . , 

Iý 
F Ii l. 

' 

I: 

ý 

I I1 

I 

I? 

: 
rI ` I 

f . 
I I 

I I 

S x k ý 
EA 

~ ýP ý'ý .. 'ý t] Y I 
r r Y +i +i 9 

ý 
'i y y r r r r r Y r r r r G r 

4ý ýý Pýýý 
, 7 

Al lýý ; VA; ýjýjý , jý ld; 



H M H fl H H 
FF 

S (p S iý 3 
Y p 

f 
!! 
f Y 

{{ 
ý 

ý ý 
Y [E $Y 

ll 

1 1 

ý 
A I 

I I 8 ä Y d I I I 

ý T ý I iý IjjY ýjjs il l 
lY 

dL 

. u 

pp 
E 
y 

ý 
h 

1I ý P1. 
ý ý Y Y ý 

5gg 5 W ý 
ý a 

ýý ff dss� ý 
C 

5q 

ý ý 

18 
¬ 

j 
5Y 
333 Y 

ýý ý 
f 9ý 3 

p a 
x A ý A - ß x S 

H H L 
I 

I f - t] fl ' H H 
, 

=I s > 

f 
ý 

] 

I 

'ý. 'l-' 

I 
d - V V V V V 

ý"ý : 'ý 

ý 

I I 
ý 

1 

ý 
kt 

` 

' 

j 
ý 

3y 
'" 

- 
ý 
ý 

ý 

1111 

Iý I ý 

I 

ýýý 

ý 

ý 

gj 

8 e 
8 

e 
08 

8 8 Y 

f 

ý 
. 

I 

ý 

I 

t' 
ý - 

V H 
- _ ' 

ýý 
ý 

II I 
.t 

I 

- _ 

I H ] ' ' 
- 

- 1 , 
- _ c 

FF 

g _ 
ý ý .s 

P"ä Cý ý 3 e - ss 

4 R ý ý $ 



T I R N H H H H H H W m T ff fl H ý fl ý 
H M 

- - 
H H H ý M W H I ý - 

H H I ý M 
1 1 H ý ] 1 1 1 1 1 H 
H W W ff l H ý ý 

3 
x 

9 
s 

§ 
x x x 

ý ý ý ý 
" 

ýý ýý 

5 

ý ýe ý 
" 

ý ý ý ýJl ý ý ý ýý' ý ýý ýý ý, 
C 

ýý 
LLý 

ý ýý3 
L 

ý ý ý ý 
tý6 ät 5t 

ý ý ý ý 
F 

ý 

! ! I D 1 I I I If l ! Dý lý lý D 
`` 

Dj Iý 1ý !ý 1 Dý ! !ý Iý Iý 

Y 

gg äý9 Dý 

Y 

ýý 
Y 

ý 

a W 

C 
ý 

aý 
iipYp 
Ap 
aý 

w 

l! pYp dp 
aý 

W 

pYp ýp 
a¢ 

w 

Y ýýa Y ýý g$Y ýd 

11 1 1 1 1 1 di l, H 
il l 

}ppp¢ yppyp 
4E eý 

ý ý ý ý I 

H ý 

(QEP 

ýt g{6g( 
¢ 

Yt 

x 

u 

L 
3 

v v u 

r 

ý 

v 

x 

W 

v 

6 

t 
. 

ý 

i 

R 

' 

ý 

ý 
L ý 

r 

° 

. 

ý"^' 

y 

ý' 

.a 

' 

ýýn 

c 

] 

d ý' 

iýr, p 

- 
ý " 

ý R - - 
ý 7 

_ 
E F ^ k G ; : 

j 
iY ý' 

_ _ _ _ _ _ _ _ _ _ _ _ 
{. " ., 

S 

^ 
r r r yg y r r 9r 

r 

gr r9 
g 
r r r 9r 

R 

r r r r 
n 
r 

d 
y 

. 
Y 

ý 
r r r 

. 
r ý 

g - 

_ _ _ k 
ýI ýI ý 

": 



Ilw 

qq 
3 

ýý 

ll 
I 

fi 

, 

Ä4 
M U 

d 

M 

98 

ý 

Mx 

ý; 
1 

ý 

6 
ý 

3 ý 

w 

i 

jý 

I 

ý 
f. i 5 

a 

F 

¬ 01 
m 

ý 

-; ý 

wý .. 8 
pp 
4 

ýS 

ýý 

s: . gg 
8 
. 

. 

ý 

. 
h 

ji 
' 

xý 
. 

,1 

ý 

X 

M1 

i 

2 

a A 

yy 

1 ý,. 

S 

x ý 

# 

.,; 

rý R 
(( 

.[ 
ýS! 

,ý 

: S 

ý- 
'ý_ { 

i4 

ý, 

ý: ý 

F 

.1 

E 

f 

MT 

3 
t}i 

'}Y liýl44 

AY 

a- 
F ZK 

. ý 

Fs 

Y 
ý,. 

ý 

x 
} 

s.?? 8 

S 
ý 

, 
I_ 

AR 

ýý 

R_, 

ý 

' jä 

\ 

ý 

y 

, ý] 

t 
"' 

ý fl 
a 

! 

.. sl- 
. 

i 

i I: I 

a 

ý 

L 
I 

ýý 

3w 

I. 
I 

x 
t 

ý: 

o 

v 

ýý 

v 

li. ý:. I: I` I"[ I. 

S 

.I 

IhI 
. 

,, 

ý 

a 
ý 

I I 

3 

f 

!r 

ýýý 

-I 3ý 

.h 

ýý 

II 
id 

11 

I} 

X 

,ý S. 

L. I-. 
I 

t' 

I 

. 
¢: 

Iý 

Iý. 

" 

.... I 

KS 

ä ýy 

ý. ý I 

W 
ý 

ý 

.r I. 

C 

1`,. I 
,; i 



I F I F - -- - m 

U II 

. ra 

ý 

e`R .. 

ý 

ý 

i 

.. 

ý' 

ü 

l# 

ý 

i 

s 

3 

r 

sd 

_"ý 

g; 

'ä %° °° 

h 

N 

", 

ý 

"uý 

A1 

ý+ 

.s 

ýý ýýý ýý 

?, 

ýý, 
ý, 

" 
$ý 

'ý 

{, ý 
. 

1ý, ý 

5 

ý, ý 

ý 

ýý 
. 

3 

= 

i 

, 

ýý 
. 

4 

yý 

ý 
ý 

'ý 

. 

, 
++ 

6 

ý 

, 

dý 

ý 

.Y 

$d 

Y 

itdý ýd 

ji 

31 

, 

33 

V 

3; ý4 

S 

iR 

j 

� 

c 
1ý.. 

ý 

ii 

YY 

xi 

ý 

Rý 

S 

ý 

ý 

3d 

. 
"S ý'' 

34 

i'Y 

ý, 

ýtR 

ý° 

ii 

Sa 

ý 

44 

oy 

t 

3ß 

ggyi 

:, 

ýýý 

ýi3 

ýIýl 

AR3 

° 

ýlý 

rt33 

. 
'. 

"iý: 

ný 

ý 

ýi 

ýý 

ý 

i 

,Y 

.:, 
ý 

ý, r, 

ýý. 

v 
ý 

ý 

ý 

r . '. 

, ": 

ý. 
" 

Ye' 

QEE 

ýý 

rý_ 

ýýýý, ý 



1 1 H 

H il l I II I II 
, 

I 1 
11 

11 11 

1 1H ý 2 ý fl 

a8 

ý 

s 

w ý 

äY' 

yY 

5 

il 

r 

`Z 

I 

8 
ý 

FI 

I 
II 

I 

= 

t 

1 

ý S Be 

ýý 
I 

gg 

I 

e 

ýI 

NN 

'. 3 

I; 

B 

ý 

I 

e 

3i 

Y 

8 

ý 

. 
N 
ý 
. 

ä 

N gp$ 

N 

p] }p 

U 
Bk 

'ý 

'ýý 

y3d 

i}N 

qýdj 

, 

3,: 3 

YB 

"ý 
L°% 

; 

g 

$,, 

Nk 

I 

AFt 

" 

Nýr 

}, x 

ý, 

NIt 

. 
p. 

'C 

¬ 

ý 

pX 

' 

ý^ 
" 

pp 

'ý 

pg 

ý 

g; 

ei 

ý 
3 

' 

4tl, {3 

3ytl 

R! 

F 

1, 

F 

p 

ýS 

8 

Y, F"g 

''y1( p 

! 

} 55 yy 
ý T: 

I.; j. 
H I I 

ý 
. 
I 

II 
ý II {I 

kY S": 

' l I. 
I 

. 

II 
I. 

II 
. 

2 

, 

ý 
ý 

l l 



k u l 1 1 1 11 1 1 1 1 1 , Iý H l I I 11 1 1 1 

- " I 
1 ý wý l lý l W H I II II I I - 11 ý1 1'1 11 1 3 1 

ýU 

u'Y 

ýv va i 
ý 

a 

s 

ý 

' 

II 
j, 
Al 

ý 

t, l 

ae 

Aý 

eý 

' 

I 

bb 

I 

G äk HG aE 

,ý 

" 

ý 

, 
f, 

ý 

i5 .J 

4 

S 

. 

Y 

7M 

4 

Mý ý 

ý 

y 

ý 

4 

ý Sv 
1ý 

ý 

ý 

ý 

_ 

)ý 

ji i. + 

n 

fi 

w 

ý: 'y1 1 

ý 

Y 
. 

p 

äý 

m 

Xý 
mb 

'iý 
ýý 

yW 

x 

tid 4p 

ý 

Q 

- 

ýi'ý 

M 

nn 

A 
ll 4f 

. 

{ý 

I 1 I I 

ä 
81 6ý 

ýý 
ýq 

BY 

, ýai 
a 

zli 3ý 

4 

33 eý,, ýýilz ýik :ý 

7 

ý 

1a x 

. 

d 

`ý' 

t 

ý 1 ý`lý lýl` ý1ý ýý 
.. ý 

ý`" 

Ä 

' 

l 

a ,o 

p 

ýo e 
. 

ae ý e, ý, 1 113 

ý 

jaýa 

;. i 

ý31ý 

I 

i 

I 

ieý 

ý 

-ý: 

ý, ý; ý: ýýt 

s 

iali 

I 

ýtl3 
ýx13 

- 

'ýý aý ,v 

ý 

sý 5ä v°ý 3ý = 

$ß 

ý$= 
a. 

yy 
R 

5ý ra ;ý $ý 



1 11 11 11 11 11 1 H i ll 
. I W i ll I H il l 11 1' . 1 H il l 

S, f 

.,,,, 
IF 

wl'SL 

f 

I 

ySI E 

}. 

ýý ý? >> 1 >3 

I 

! 

I 

7 

<3 

ý1t 

I.. 

,; 

II II 

I 

I 

Iý.. 

I 

: Isl 

I III 

I 

lI 

I 

I-I"I. 

II 

Ial I.. 

Ir, 

I. 

ý 

Iý 

I 

. I 

I 

I 

I 

I 

I 

I 

I 

I 

Aý 

II 

I 

I 
I 

I 

I, 
lx 

I 

lI 

. 
-IY 

II 

'. 

I'I 

II 

I 

Iý 

ili 

I 

- 

llll; 

I 

a 

II 

I 
Il 
IýIs 

I 

y'. 

T 
il 

l. l; 

I 

'K 

ý 
ll 

lI 

I 

., i 

lI 

III 

II 

P';; < 

I:. 

fi; 

I 

Ii 

II 

I 

Ik, 

i 
.. 

1s, 

_ 

ý1 

>ý 

l ý, I N 

ýý 

fA 
ý 

,ý 

ý 

ý ý . 

Aý aýa Ak 
k ý; 
. 

'\ 

o 

ý 
AM 

yy 
R^ 

o 

AA 
sý 
ký 
< 

Jj 'P ý 

-P 

ýP 

t 

M1 

Adý 
@{vv kU. 

y 

. -ý ,} 
SS <. eK 

ýlý1 'ýý§ ýI. 
ý. Itý I11 

'1 
ý 

'" 
ýi 

I4 ý 
ý, 

ý 

'ý 



I 
YY gg ýäý 

W 
pp 
5. 

ý 

B 8 

M I ý' 4 7 
ý . 

I I: I E 

s a T I; ýý 

M .i 

ý 
9 

ý 
4 

1, 



S 

p 

p 

"8 ý 

ý ý 

E G3 L3 y 9 ; Y 
. E 

ý O l 1 , ý ý 
4+ ý 

11 
5 Y EY ¬¬ ¬¬ yy h yy 

3 
y 
5 

yy 
SE 

yy ý ý p 
S 

ýS D ý,. 

e 
ý ý 

s 
ý Yt 

.1 

P) 

.7 

P! 
d 

ý J, 1 ý ä ý 3 ý ý 
ý 

1 
i 

S 
3 a 

i ý 

y 
5 p 

l Y Y 
p 
7 . 

. 
1" 

ý 
ý 

:ý . 
ýE 

i, : Sý : 
$ t 

M 
le 11 

Q 
ý ý P 

ý p Y Y Y 
Y 3 ý 

a 

ý 
ý ý ý ý ý ý 

ý 

Lpg 

ý ýý ý¬ ý 
3kfi Y5[ Y Y Y Y `¢i 

RF¢ ý `ý `ý 
¶ 
{Y ý ý 

ý 3 
P 
3 

FP 
ýý 3 3 

pp 
b f 3 8 W 3 ß3Y ßa Y ße ße Y Y Y Y Y ý 

ýý 6 

. 6 
L G 

L 

- 
, / : a ý 

a ä a a ä 
, 

a a ý s ý ä ý i ý ý ý a s ä a a s ý r - v 

3 3 3 3 3 3 S ý e 
k } a 

- 
ý 

C _ _ ý R 
4 8 E 

- - 
_ _ ý - Y a 3 

9 
ý i 

ý; 
q $$ tt C 

yE k C 1 



A H H H 

: a 

E5 Y 7i ý ý ý ; ý 
Y 

p 
W 

1 { 
3 

ý 

ý 5 ý 
ý 

ý ý { ý ý 
ý ý 

ý 
9 

RR 
! 

pp 
i 

gg 
3 gg i gg i 

gg 
3 

ý 4 
" S 

x 

3 { 
d ý 

L il l 
ý 

i i 
99 ii g 

}g i4 

a ? 

; ý F ý 

i =- 

7 
s A 

i " " 

ý ý 
33 

ý 
7 

$! 
¢ 

3 

ý 

tj 
a 

ý b 
a 

Y 

$ M 
- ý 

F 
3 

: g $Q 
Y 

ý@ ý 
@ 

y 

- 

I 
3 - 

8 

N 
rt 

" 
ýi _ 

. 

_ _ _ 

uih 
w 

! d ; 

itý: 

ý ý ý ý ý 



U M H - W H ý H H ý H H ý H H Hý 

9 9 
E L i I I L L I L E 2 2 F 2 L L L I L 

3 
2 

3 
I L L L t L 

3 
2 2 S 

A 
t I I I 

A 
2 2 

A 
L L 

A A A A A A A A A A A A 

Yp 
p 

Yp 
p p Q 

Y Y Ypp Y Yp 
p p 

Yp Yp Y Y 
p 

Y 
p Q 

Y Y 
Q 

Yp Y Y Yp Y 
p 

Y Yp Yp Y Yp Yp Yp Y Y Yp Y Y Yp Yp Yp Yp Y 

p 
Y 

$ 
Y 

g$ 
Y 

ý 
$ 
Y 

p 
Y 

$ 
11 

$ 
Y 

$ 
Y 

ý 
p 
Y 

$ 
Y 

$ 
11 

p 
Y 

$ 
Y 

p 
11 

$ 
Jf 

ý 
$ 
11 

$ 
Y i 

$ 
11 

p 
Y 

q 
M 

ý 
q q 

Y 
g 
Y 

$ 
Y 

p 
Y 

ý 

pQQp 

Y 

pppp 

Y 

pgpp 

9 

M 

ý 

I 
ý 

M 

pq 

Y 

p¢p 

Y 

ý # 

pPPp 

9 

pppo 

Y 

J 

pppo 

Y 

ä 
Wý 

ý 

ý 

ý 

ý I v ý 

Qp 

W 

ä 

ý 

ý 
w 
ä 

p$ 

Y 

1 1 

pg 

Y 

1 11 

pp 
Y 

l 

gp 
Y 

pg 

Y 

ý 
$p 
9 

Y Y Y Y Y Y Y Y Y Y Y k Y Y Y Y C Y Y Y Y Y Y Y Y Y Y k Y Y Y Y Y Y Y 

k Y Y Y Y Y Y C Y Y Y Y Y Y Y Y Y Y Y Y Y Y k Y Y Y Y 

ýý d 
w 
ýý ö 

w 
ýý b 

w 
ýý b 
ti ýý ýi b :ý 8 1c äY ýý b 1ý b ý bJ il d ý l b lý h aý 3 1ý 1ý 1 i l 

ý ý ý ý ý ý ý ý ý ý ý ý ý ¢ A ý 3 ý ¢ ý ¢ 4 Y ý ý ý 
ý ý ý 

a 
q g R R p p , p 1 111k ydY 

1Y 

#Y 1Y iY 
f 

el 
{ 
f 

C 
ýY 

ýY § 
dY 

ýY ý 1Y ýY 
k Y Y 

ýY 
q 
mY 

1Y 
k 1 

1 A ýY ýY 
ýY 

ýY ýY 
ýY 

ýY ýY ýY ýY ýY ýY 
§ 
dY 5 

[ ý 
ýY 

x 

M H M H ý 1 8 

8 
8 9 R 8 

g 8 g 8 8 
8 H H 8 ý A 

6 
ý 6 

a ý 6 6 G L 6 
6 G ý 6 

¢ ý 6 6 6 ¢ E 6 6 ý 
E 

aB 
ý 

k 

y8 
p g 

ý 

. 
ý 6ýH 1, f 

8 
R 8 8 8 8 8 8 ý 8 8 , e ;w 

`, r, ý, Ai 

` ý t E 4a aa aa saa `> 
" q . , 3 - J J1 j3i ý"" HIY ýiIY 

" ' ý 1 I ý ý 

Yx 
} " I 

I 
I 

I 

ý 
ý 

I 
II 

. 
ýý 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , 

i 

ý 

I 

I 
. 1 

I 1 I (( 

II 

[ 
u . . 

_ 
. y 

i ' ' - 
ý y 

' ý 
o o 9 ýli 

ý . " " " _ n _ f m 
ý W ý k ký 

I "? 
ý 

ý üP lýäa 
g p 



ý 

t 
, ý( 

. ý. 

Ad 

ýý 

.ý 

f 

. 

ý 

Y 

YX 
ý, ý' 

: 

x 

Ff 
ýr 

ýq 

kn 

. 

d 
ý 

' 
ý 

s 
} 

ý 
. ýý 

.ý 

fr" 

g$ 

.ý 

, 
ýý, 

ýýr 

$ 

w 

. ý 

L 
9ý 

` 

ý 

, 

ý 

ý 

ý 

n ýt 

ýý 

i 

, 
;ý 

°4 
i 

fw 
.; j 

ý 

tf t 
ý 

" 
ý 
ý, 

, 

` 

4. 

x t 

1 

ý Cý 

: 

0 
, 

ý 
: 

ýj 

', ýy 
, 

ýý ý ýý 

" 

: 
ý 

ý 
9 

I 

k 

l 
. , 

' 
ý 

ý C 
y 

_ 
ý 

ý, 
ý 

' 
:s 

ý , 

° 

: 

ý 

<ý 

ý°. 
"' 

ýi 

wl 

nf 

ý<<ý 
, 

a 

. 

xR 

ý 

ý`ý 
ý 

ýt 

ý , 

i 

ýý 

4 

ý 

ý, ý 

s 
, 

°ý 

ý 

I 

.Y 
I, 

ý, 

ý 
ýý 

,. t 

ý' 

iýs 

ýý 

t 
ý 

ý 

1 

ýI 

,ý ý ý 

. 

ý 

; 
y 

@ 

. ; 

, 
t 

ý 

ht 

ý; 

rý 

: 

. °ý: , , 

d 

al 

I 

ýýý ýý 

- 

ýý 

:ý 
3 

I 

ý ýd 

ý 

v 

ý 

ýý , ýý 

ý 

ý 

4 

, ý, ý 

ý ; 
ý 

ie 
ýr 

r 
. 
ý4 

,: r 

fi 

g 
_ 
ý 

ý 
ýW 

ý 

ý 
, 

ý 
$ 

t 
s 

_ 

b 

ý, 

ý" 
ý{ 

1 

Mý 

ýt ýt' 

,,; 
ý 

yT 

I 

.z 

,ý 
, 

= ý 

9ý 
ý 
qý 

ý 

ý , 

d 
ýa 

I-ý 
i 

ý 

aý ý 

ý# 

II 

I'ýI 

ý. 

1 
ýi 

., 

3 
' ai 

, 
ýý 

; 
.ý 
, ýI 

ý 

1 

I 

ýýý 

ý 
I II 

ý 
ii 

ý ý 

I 
iý 

ý , ýý 

( 

r 
. 
3 

ýk 

s 

,ý ý 

' x 

ýý 
;, 

ý 

ýýý 
t 

ßýý 

I 

ýý 

'W 
ý.? 

ýý. 

. 

ý¬ x 

4g 
a 

hý 
ýx 

.ý 

R -_ 

d^ 
a 

'ý 

iý 

a 

F ý 
ý 

ý 

$' 

ý, 

s 

$ý 
3 
ý 

# 
ý 

EE 

ýý 

? 
. 

, ... 

ft' 

3 
Eý 

d 
ý 

E! 

t 
s. 

iY 

ý 

Y 

Fp 
�ý 

ý . 

ý:. 

ýs 

a 

ý3 

Yn 

6 s 

ý: 

E'f 
is 

, 
= 

ý<a ýý 

Y 

3ý 
, 

,: 

sE 

ký 

e 

#3 

ýý 

ýf 

ý x 

tf 
ýa 
ý 

ý 
9ý 

5'Y 

r a- 

ýr . 

` 

;ý 
# 
ýý 
,ý 
xý 

R ä a 

,ý 

EE" 
ýý 
ý; 

'K ý 
ýý 

ýY 

." 

ý. 

6o 
a 

ý P 

3 
R9 

Yý 

Y' 
ýý 

.ý . 

e 

o6 
ý 

ý 
#ý 
3 

ýý 

ýý 

ý 

3 
5 6 

ý. ý 

Fý 

ý 

i 

. 

-- 

ý 
x 

f Ef 

ý, ý 

t 

ýtl 

-- 

ýý 'vx 
e. 

E## 

$ 
ý; ý 

:, 
x 
ý? 

i 

-- - 
ýý ý 

a; ý 

. 

ý; ý 

ýý 

ý 
;. 

[' 

oý 

ýý 
9ý 

ýý 

9pý ýý 

:: 

. Aý 

Y 
Rý 
ýý 

ä? 
ý, ý., 

ýý. 
ý 

ýa J 
ýý 

Ja 

. 

ýý 

1_ 

aE 
... 

" 

- 

xr 

e 
ýý F. 

Fý 
ý? 

,x 

yy 
t1 
ýý 

y fF 

ýýk 
,ý 

ý xN VM d'V 
Yý 19 1? 

ý 

y 
ý. ýý F.. 

' 

ýýý 
_ý ; 

-'s 

ýa 
15I 

1 
S9 

ý, 
K 

- 

ýj 
. . 
ýýY. 

Lýý 
ý ]. 

ýnl 

ai 

. ., 
.. ý 

: 
ý'ý 

i 

1. 
ýý l 
1 

ý 
1 

ý I 

,ý 
1ý . 

F. I 

ý 
ý. ý 
ý #I 

ý 
rý 

I 

ý$ 
ý 

cK 

ýl 
ý 

yl< ý 

ý 

i 
<I 

j 
i 
II 

r 

. ý. 

I 
ýI. 

I 

ýý 
ýý, 

slý 

. 

ý 

i 
ilý 

ýý 

I 
. 
ýIt 

ýý 
-ý"IýIýi IIýýIý 

iý ý 

; i, , ýýý 

I 
ý I 
ýýý 

ý 

ýý 

"- 
äF 

ý 
ý. 
F'N 

, 
A/: 



11 11 11 11 11 1H l i ll H li H il l I II 1 1 1 1 

, 

z 

C 
ý . ý, 

ý'1 F Ld ý däý 
. 
°' 

ýý ý 
;; 

FF 
BP 

ýý ýý 
dd 

' 

ýM1ý 
ý 

d_ 

.ý 
F 

ýý 
Yý ,5 58 ýö §ý ý 

.. 
.l ý 

a 
( 

II 

''t ýý: 
11 } 

.I 

II 
II 

I 

IýI. 

li 
iý. ý, 

? 

I; I 

I 

111 
I 

II 
III 

I 

I 

I. 

. 
IIý. 

I:. 
'ý 
I. 

I 

/ II 

I I 
Ilý 

ItY 

l: 
ý' 

IR 

Iýil 

ItI2 

IJ 

4IIF 

II 

I 

rI 
:} 

I" 
' 

ý 

IýI 

I' 

IIý 

II 

III 

I 

III 

I 
ýý 

II 
I 

=ýý 
I 
`I ,ý 

II 

I 

I 
j 

I 
I. 

I 

IiI 

II 

I 

I' 

ý 

I.: 
I 

ý 

II I '. I 

ýý 

a 
ý x¬ 

.. 
ý 



I N 1 1 1 11 1 H 11 11 1 . 1 1 

1 1 I N I 
w w wy ya ý, t ay 

- '- '- '- '- -- -- -- -- 

B 
ý u8uyy 

Y, 

8ýýy8yýy8uN 

MMA 
uN 
g 

yy8yy 
D{ 

ýýuY 
dA 

8uY8 

M 

i; 

.. ý. 

E't 

.° 
%' 

ýE 

v 

EE 

I 
1 

IE 

) 
, 

! 

E. f 
ý! 

.' 

if 

f 

t Fl 

i 
I ý 

ý ý 

C 

! 

[I 

"II 

+j 

E. ý IrE 

, 

r 

t'I 
Iý 

. I. 
ý: 
' 

II 

;, p 

.ý 

ý' 

ý 

I f 

I, 

1! 

l 

I 

l; 

lt 

i 

tI 
t� 

II. 
ý,, 

.. It 

I 

M 
ý 

,: I 

aI 

ý 

33 

aß 

n 

li 

ýI 

" 

8 

BB 

ý 
r 

I 

f' 

88 

ý 

ý' 

. 

I° 

ar,, 

Li 

8 

dE 

, 

' 

. ý 

8 

rý 

g 

rr 

I' 

ý 

4ý 

B 

3 

?' \> 

z 
Fý 
ý}2}2 

" 
iý 

,w 
, 

o- 

I 

ýä 
fi, 

ä 

, 

. 

ax 
ý'ý ý 

" 
S 

; 

ar 

> ý 

,` 

i a 

I 

I 

rl 

! 
. ýI 

I 

lo 

. y, ä 

.. 1h } 

., 

t 

C. 

! 
s' 

1 

; 
ý 
ä 

a ý; 

ý 

r 

ýl, 

ý 

L( 

, fi 

mý, 

Si 

,, 

I 

. rl 

4{ 

ap 

rirý 

I 

it. 

f 

ý 

y 

ü" 

,... 

' 

lf 

ý 

ý. 

,. ̀ + 
:I 

IL 

88 

ýý 

3 

I 

I 
II 

II 

8g 

ýý 

j. 

'ä 
i'I 
ý 

3 

ß ' 

ýý 

H° 

ý' 

'. 

', I's 

I 

. 
I 

_ 

d 

a 

R 

." ýI ., ' I 

i 

I'. 
t 

ý4ý. 4 ýi I 

ll 

yy 

ý 

t 

I' 

I 

.. I;, 

I, 

; 

.. " 
; 

ý:. 

r, 

i 

. ̀ ° 

ý 

. ': 

ll 

"j 

.... 

ý. 

i 
I', ýiaiä 

+ý ; 

77 
aa ýx ° s de yý ý" rc r> 

Em 
w 



Il a 

1 1 11 111 1 1 11 1 H i ll I II I Hi ll III H il l 11 1 11 11 11 

8 ý ný 
,u sv uv vv 

ýY fY Y4 YY YY Y4 YY vv Yu vY XY S ýý 
E 

,' 1 (S 
, . P, 

ý 
i{, t. 

ý ? 
_ 

ý 

gg: 
BB 

__ 

. ýý ý ýE s. n ' ., 

ýyx 
88 

# 
8ý 71 

' 

ý 

g' 

RR ý ý' 
ý 

It 

l: F' 
ýý 

8 
ýý 

}9 
.ý 
48 

... 
7ý 

. p$ 
49 

] 
35 

ýý 

. 
ýý appp}, 

9Y 
yy. p. 88 . ýq. A, 74 

ýý 3 
7. 

ý 
ý8 

. 

. ýý 

ý 

''y ýft e 
ýý 

4" 
. 
ýý 

ý ýý . 'aap. ý9 a 
ý 

... ý .' 3 x. 
ý. 

"ý, 

: 
ý. 
_ 
ý. 

}} 

ý, 

I 

I. .,, . 

( 

iI 

f 

: I'. 

( 

,,,, i 

_ 

.I 
I, 

ý. 

( 

ý. a 

11 

i i. l. 

ý" 
,_ 
" 

. 

r 
I 

? 1 II; i--. F; 

11 11 
E} 

11 

II 

1 

I 
ý 

_ - - y 
K$ 

- 
$$ 

4 
ý .° 3- 

d 

r :ý 
3 

ýä 

ý 
9Y 
ää 

ýý 
ýi 

ää 

F 
j 

aa 
ý 
Y9 

ia 
y: 
a' 

X= 
:i 
ää 

Ä 
yn 
'ä 

dý 
y9 

rÄ 
ay 
ä' 

t 
y: 
ä 

ýn 
y 

x. 
an 
ää 

ý" 
yi 
äa 

Ä 
. 

ää 

Y° 
i, 

=ý 
aa 

;g 
iý 

ý. 
ýý 

ý 
ý' 

ý ä 
;. 

a 
L,; 

ý 

ýI 

I 
Y 

II 

I 

Y 

,. 
I 

ýY 

ý 

' 
V? 

, 

fi 

vi 

Ntý 

., ,, 

ý 
3t 

,ý 
f 

ýnhý 
. 

a'`a 
: 
: 
' 

'1 
. 

ý 
I1ý : 

L{ 

E 

ýý 
1 
r ý? 

'`ý 
ý 

ý 
3 

ý 

� ., 
ä 

1, 

. 



k pt 
dd" 

ptGý 
äE 

ýý g 
Aý 

ý 

Yý 
flSS 

ýy 

" 

ý 
Rý 4ý Giý" 

t 

ý Ä'S 

b 

y ýF 
.. x ,Y 

s 

Y ý, 1ý 
tý ý iý^W a ýI 

r 

Mý 

Fi 

ý1 

il 

; 
.. 

f; 

ý 

ý 

, 

<' 

} C 

° 

3. 

ý'C 
j 

ý% 

ýý 

F 

ý 

ý 

IG 

ý 

s 

a ! 

, 

y 1, 

i 4ý 

, 
x .. 

I 

, 

ý 

ý 
F11 

. 

ý 

ý 

., 

,,,; 
," 

I It 

,. 

r, , 
tl 

ý 
, 

7` 
ý 

`3 
ýý 

ý 

ýi 
I 

'1 

l' 
ýI 

9p 

ý''t 
_ 

.; 
ýý 

', ý 

4 

ý 
\I 

" 
il 

4M 

t'4ý' 
I. 

I 

ý 

ý ý,, 
I 

ý; 

ý 

ý 

ý ý+°ý I; 

ý 

ýý 

,ý 
II 

I 

ýý I f 

a 

ýk 

ý 

y 

ý 

ý 
fý 

ifr 

H 

I ýI 

ýI 

7 

ý 
ý, I 

I I 

ý"i 
Iý 

: 

ý, 
I 

ýI 

ý 

i, I 

# 

,. 

iý g 

G 

, li 
': I 

e 

a.. aä 



Hi ll 

H il l 1 ý r ýýN rý ýý ýý n8 88 SS Sa ¢S SB B8 86 ß ýiKý 35ý, ý ý, ý ýý Ytý mý ý 

1 ý M " " I[ I .. . 1 ý 1 1 1.. . 
u6u 
M 

8u8u 
ýM 

8u8uyy8 
ÜMM y8yýýuu8 

MM 
u8u 
M 

yy8y8yýý8 
MMSý 

y8ýy} ýi 
8yj8uu8 

A LS 
y8yýýu8 
MU 

u8uuu8 
MM 

8uu8 
ýM 

88 
ý 

88uu 
ýM 

8 
ý y8yýýu8u 

MM 
uy8ýy8yýýyy8ýý 
MMM 

u8uuu8 
MA 

µy y 
A2 

8 
?? 

88 

Aýý 
yy8ýu8u 
üq 

8u8u 
ýN 

88 
ý uu8 

Mý 

ý 
Ys 

3 

ý 

e88 Y ai 

86 

.ý 

M tl 
. 

ý ;" 

' 

° ý 

'ý }ý, Y 1 . - yý 1 5 S 9 1 1 4 1ý i 5 5 9ý E 'ý e fý 
ýdd 

W 

11°' 
ý äd 

d 

äd a 

ý 

¢ 

N 

I ý 
I 

'ý 
Y i. 

` 
4 'I b 7, ý'' 

.? ý 
3 

+ý 

F 
3 

R 

h 
9ý 

ý' 

h 
ý. ", ý 
ý7ý , 

"ý 
Ä 

" 

pý 

'ýo. ý 
Rp 

oý 
Ä 4 

ý 
V 

y 5"'j 
ý ü, 

aýý; 
ý, ýI 

R 
YI 

ý' 
""ý 

P 
Y 

R 
y ýY ,ý ' 

Y 
0 

F'ý ý 

g 

ý 
ý 3 

M x 
'ý 

4 
+, 

'. 
. 
'C 

5 
'Y"ý a 

3 
CJ: HS 

d 

I 
ý 

Or 
-8 8 8 8 8 8 88 8 ä 

1 

a$ 

db 

ý 

d 

19 

di 

` 

ii 

A.. 

ý; 

. 

ii 

, 

ýi 
. 

'. 

ýi 
.. 

. ji 
. 

, ii ii 
. 

, ýi 
..:, 

ii 
.. 

ý, 

nl 

3 

k 

ýn 

ý 

,: 

bý 

ý'. 

tý 

ýA 

# 
lt lp 

_ 

, 
l, 

} 

'; 

"u 

I 

ýk 
ýý}II 

ý' 
'1 

, 

6I 

I 
.ý 

ý k,. I 

1ý] 

is 

IL 

ýý 
* W 3Ii.; Y 

I 1]... ° 
ý 

ý 
M 

ý 
ýý'. ý KýII 

.: 1' 

ý'ýI4 

;L 
bI 

.: L 

j. 

ý 

ýN 

": 

A% 

:. 

P 
'ý 

P 3 
N 

o 
ý, a 

ä 

ýF' 

a 
Sýdý bz, 

ý'F 

"ad 

99 

8ý 

97 

., 

. S, 

nä 

. .' :: 
S, ýl ký. 

ý' 

; 



g i l l 

-- -- -- -- -- -- - 

K 

- 

ü 

ý 

:ý 

ýý 
f 

'ý 
( 

37 

ý 

ý: 

+ 

ý 

. 

$ 

ý, 

ýý 

( 

ý 

ýn 

ýý 

S° 
Sdý! 

` 
w 

ýtýYC 

ý 

3 

ý 

" fi 

R 

.. I 

p 
° 

3 

... 

3ý 

3; 

w s 

:a 

. 

o 
'3 

ý 

ý:, 
t 

rS 

.:. 

R ý 

AR 

ý 

ý. ý 

:.. 

1 

.. 

- 

.. 

! - 
1 

4 

ý 
; 

a 

i 

, 

5,7 

ý., 
1 

ý 
ý 

.r 

.. 
i 

` 

S 

Z 

. 

s 

e 
ý ` 

I 

Y 

. 
ý. 

-.. f 

>; 

4ý 

r 

� 

: ý: 

. 
1 

5 

. +ý 
''II 

1 
Iý 

. 

. 
i-. 
I 
I 

.;, o 

1 
I 

a 

I 
ý. 

? 

, {i 
I 
I 

ý! i 

. 
`1 

1+. 

1 I 

: '. I ý"; 
I' : 
ý;..: 

t1ýd 

I 

I 

I. 

. 

ý 

ý 

I II. 
{. I 

.3 

R+ 
. 

ý ý: 
I 

, . ý: 

l+. 

I 

° 

t 

+, I ý:; 

ý 

ý 

" 

i 

I 

+l 

tt 
6 

. 

t3 

s 
i 

Iý 

li1 
, 
1 

'ý 
i 

ýL 

'r"+ 
I 

8 

A f 

I_:. 

ý 

ý 

8 

E E 

17 

ti 
I 

g' 

h 

k 

II 

ir 
I 

R6 

3tl 

9 

I. 
l,., 

E6 

ýý 

9 

I.. Iý- 

r+' 

x 

$ ä 

Y 

3 

I 

ý1_ 

ý 6 

?. p 

ý3 

$ 

ý1 

,1I 

8 

IF. 

[, 

3 

L.. 

ý} 

B 

ý6 

ýf 

9 

I: 
II": 

ý 
ý:. 

I 

R 

l, F 

7, + 

9 

ý 

1 

RL 

ý+i 

lý 

8. 

ý ýo 

äý 

- 

ll.. 

It, 

f 

.g 
aý 

ýü:. 

a,, 
I 

E f, 

lH 

9 

, lt 

o 
6 

I 

+ 

l1 

. 11 

ý 
6 

#- 

3 

L, 

1I,., 1 
I 

6R 

}'. 

...: 

,,, 1 

°ý 

rý 

"ýI Li 

ý 

Rý 

IL 
ý 

.E 
ff 

Lr 

ý 

6 6(( 

. 

, 

il: 

, -1. 

ö 

(6 

RI 

°ý 
ýI 

, 

-ý7 
; '1 

9 

ý 

ý 

; 

t 
I 

_ 

$S 

t 

. I. 

r; 

'ýý 

, 

ýý 

"i, 

ý. 

.° 
ax 

.. 

ý. 

ý:: 

ý 

t, l 
I 

ý:: 

ý", 

rI 

i 

ffj 
3 

ýx 
ýý u, 

ý r. . . ý ^ pýr ; rý a x r t ry 
.. 

? i 
.ä 

äö tik sa 
i ts nrý ý e+ýýä 

3 a15 

-ä 

a �ý 

I I 
I, ,- < 1 

': 
: 

(ý.. 

il. rl. r 

I 

tlý 
ý 

I 

rlt 

I: 
' 

:l4 



1 11 1 11 H i ll 111 1 111 1 1 11 111 11 1 1 

ý : 

I II. 
:, 

.F M 

'I: I , , ýs r, 

° 

.l 

a 

I 

yiý 

11 

1 

ý 

l 

ý ff 

I 

S 

I. I 

äR 

t 

:I 

= 

E 

II 

f 

ýI 
ý 

i 

,. ý 

�ý 

, 

ýt 

X 

ý 

a 

^ 

tx 

t 

v 

. 

. ý x 

- 

gs x x 

A 

§< 

', ý 

r 
ý 

,,, 
r 

, 
'ýý 

=, 

, 

4Q 

pn 
5 

- 

55, 

C $ 

p a eý ý: nx xa 

< 

d 
w 
' 

rd 
Äit 

9 

ý 

R 

ml;! 



86 

kk fbMkb 9yA 9N bkk fYY rY "Aý ý'ýk ý ýp nn ý ýFi4SSRi§SX AS6Ek i5 SS : 

8 
ý uN8A8ußV88 

A 
ýM u8Vyu8ýy6ý 

MMý 
u8uxx8 
Mp 

8uY8u8VuY6 

MMM 
u8VuY888 
MM 

u8u 
A 

88 
ý 

8yuB8uN6 

MM 

H8 8uuyu8ý 

Mü 

8uY8u8V 

MM 

8uu 

M 
u8Vy8ý8uYBAUYAUUYBU8VH8yHBýy8uý 
MLS M MýMM AM 

y8yk8k8k8k8yy 
MM MM 

uNHA 
d 

{8ýu8u 
äA 

{8ý8 
M 

< 
toll 

ass ý' 

d 
QH hr tdý 4ia ýýRl 

1 II ýIý.: ýt . 

äe 

Et6 týr 
xýk34 

ýý} 
`, .\ 

r r 
s 

.ý 

Aý 

; 
. 

:,. 

" 
s+. 

ý ýt E 

ý 

ý 

I 
I. 

I"II 

, 'ýý'ý 

, 
. 

yaý 

a< 

"! 

I 

Fli 

'. .: 
I 

II 

°- 

ýý 
ý 

a 

III 

ýý 

K ý 
dý 

ýI : 

p 

,ý 
r 

ýý 
Iý 

tli 

i` 

kllil-. 

ýI 

.I 

" 

6 
ýp 

. 

ý 

. .I 

ý. 
I ]}ý 

n .. ' s'J 

a B 

Iý 
t i3 

.II:;.:. 
I 

3}2 I II 

ý 

I 
7I 

. ýý 
. 

IlI 

8 

Ia 

II 

g 

JI 

, 
I:. 

I ý 
: ýII, 

IiI 
1> 

II 

I I. 
I 
A<. 

I 
'I 

I 

fl 

Ix 

I l }ý iý I 

I. 

ý. I 

II. 

I 

Iý, 
-'IýI 

I IýI I il-ý; 
I I, I 

.I 

I: 

'.. I' 
_ i: II 

I'_ 

- 

y 

H+. 

i 

h4 ý 

f y tý 

LL 

ý 'ý 
W 

.ä 

ý 

k 3 ý 
r ýý 'Eýrw ü e Ää :ý 

ßß aý 
g 

sP 
ýý ýa'ý t aA 

ýý ý 6 ý 3 aa f 



11 Hi ll 
ýr 

J jJ JJ JJJ J Jl 

ý yy a n y py y p gp ýý g s_ 
_ss 

¢g gs kk gs ýý £ ý y a 

{6ý 
M 

V8Vuu8 
dM 

Y88 
tSý 

8 
N8N8uN8 
dA 

y8yýý'ykdýyB 
Ariý 

ýuVN 
M 

ykNýy8uýyy8 
MNA 

y8ý ý yk8ý}}8ýýµµß 
MMp 

e 
u8Vyy 
MM 

J 

y8ýy8u 
Md 

ý {8ký 
M 

ySuý 
g 

yuBýu8u 
Mg 

68 
uN8y8yýý 
üdi 

u}8ýy8y 
MA 

ýýuN6 
q 

8uuy5y 

Aq 
ýýyy8u8V}}8ýý 

25MM 
y8yýý8 
% 

NN8 
df 

{8ký8 
d 

8uY8 

A 
y8uý8 
d 

8uV8 
ýA y8uýy8 

qM, 

8yu8ýy8uý 

Mq 
uY8 
q 

u8uuu8 
AM 

8uY8u8u 

MM 
NN8 
IA 

b 8 

yy 
3. S A 2 ý6ý 

ý Pý 5 xK 

ý f 
I I ̀  . 

Nn 
I Ir ýY ý w 

_ ý 

Ij 

ý 

IjI 
ý 

K 
i; i r I� ýI> I 

ý 

I 
i 

I I ýI I 

ý ý ý 
8 ft 88 8ß 8 8 8 ý B 

ä ý 
_ ä 

I I ý" ý ý a? a � ý ý! ý ý` a ,ý .ý I" ý a 
. 
ý ý 

.; r 
ý ý - > ý , rt > ýý a 

ý aý AA 'ý' a 3 
A 

k 
A 

3 
Aý 

ý ý 
A 

ý 
Aý 

$ 
, 
d . s ý3I rr 4yý ý5 fi. ý ý 

p I II I 

, 



1 111 H 1 11 11 1 11 11 11 11 

° 

@ 

: /., 

s 
MS 

ý9 

d 

ý 

A 

h 
y 

'ý 

, ýy I 
3q 

dsý 
.s . 

ý` I 

5 
iJ 

> 

. r. 

1 

lý. 
I 

, 

ýýi 

4'. t 
ý 

. 
ý3 

> 

ldF 

I 
1dR 

Y 

,. 

ßrii 

K 

. c. 
:. 

Yý 

I 

i3 

% 

a. 
I... 

'ý 

ý 

. 

4 

i 

Y 
ý 

4 

.ý 

. 

:. 
I. 

I 

, 

.:. 
T-ýý 

aý 

.I I 

a 

.:. 
�I 

ý" 
8ý 
ý 

I 

., e 

. I', 
' 

9 

o 

i 

Fr 

. '., 

. 

I 

I 
. ý. 

ý 

ý. 

.i 
I 

ý, 

. 
i 

.' 

., 

L_ 

r"I' 

itý ±; ý 

. 

It 

I 
r{ 

l.. 
l,. 

I 
Yff 

i`Iý 
I 
t'l' 

ý: 

ý: 
I 
{"I 

"i 

igg 

8? 

II 

l 
I 

ý, ý 

.: I 

I 

i: 

ýj 

. 

... 

fIý 
I 

I 

._ 

. - 
`ýý 
I 

... 

1 

. I Iýf 

I 

! 

- 

.?. I 

t 
I 

IX 

+. r. 

Iý 

;. 
I. 

-sh 
I. I 

i' 

I": 

1J 
f. ý 

I 

I 

. 
I. 

II 
Y 

I 

I 

d.. 
I. i 1'i. 

I 

ý 

." 

. 
I. II 

trr 
ýI 

I 

.I 

"" 

L.. 

1i 

; 

-. 
I 

r 

. 
I.. 

R 

`ýq 

0 

i 

-e 
I 
liý 

I;,: 
ý 

°ý 
3 

: 
I 

8 

V 

Iý 

Ri 

I 

-ý, 

f 

ý 

M 

} 

2 

S 

1 

A, 
ýý 

q 

e 
'ý 

3 

a ýý, 

i 
ýlk 

ýM 

ý 

h 
.d 

1 

ý" 

`: i 

lktk 
4R 

6; 
1 

i' 

fyK 
Cý 

ýý 

.M . 

I 

88 

(Nf8 
NN 

:ä 
y 
Yý 

ýi 

. 
ý`. 

88 

(k8 
äý 

ea 
8R 
.. 

., 
ýs 

88 

tkfR RN 

:ý 
gB 
4. 

', 
ýý. 



1 1 H I HI l I II H I M 11 11 1 11 11 11 11 Hi ll 1 1 11 1 1 H H i 

1 1 
H I 

M 
1 0 1 

r, b e" ww ww sYý s, k 

88 

# 
8 

ä 
8 

ý 
88 

ý u88 #ý u888 #ü# u8 

M 
8 

= säý p öo ä 
" 

öä 
"" a 

d 

. ü ýý ýý F 88 N8 
ýS a 

I 

4 A Y i ýý ¢ ýý ý§it ýg ýg R9 Äý Gý xý 
SS 3 

%F 
. 

t 
Yy 

,. 
s 

j 
l a 

µ µ 
ä 

.z 8 
hK ý 

RF 

t 
" h ' ä ;/ 

. 
H ý 

' t 
ý ý 

. ty N ý 7 t ý 
K 

1, '4 c 1 {. z S ii ý ,{ ýh !` 
`I 

I 
F ý+ S ý ý S x , 

ý 
a i ° 

ý gg 
g 

ý 
4 [ 

F 
y 

Y 
H H 

h 
i i 

. V 
Y 

; 

Y r{ý 6g'X h i ,Y . 'X ý ' I 4 S 
I 

I - . , 

9 
ýE I 

.ý I I'. i 
}M I 

I I n 
.. 

ý } ý 

><m 
M'ý ý; 

f 
ýý, 

Y" 
. 

"c' 

:Q 
x a 

xr 
?° 
R+ 

. . 
rg ,, 

l r 
Z 

i. 
ý 

iC y 
. 

"ý 

x 

:. 
, ýý ö ý ý,. 

:" 
.. e ý 

'ý; 
, P 

1¢ 

1fý 
.: ? i, h '. iS d;., r .l ý. 

"ýI % äiý 
R 
ä:; 
;ý 

ýý 
Ný 

i 
y 

ý ý p K e 
S 

L. 
: 

' 
I I ýi 

II I 

II 
I I 

I. 
, 

I 

I 
ý 

;, 
I: ,. 

I. L. 
' I 

ý ýI: ý, 

'I, 

ý. 
I 

, li 
I 
i 
I 

Is I 
ý 

I. 
ýa 

r 
iý 
r. u .I r: I r ý x , 

^ 
ý 

I 

ý 
1 ` s 

I 
III 

I 
II 

i 
I ý 

ýI I I I i 
i 

I 

I 

I 

I 

I 
I 

i 

I 

I 

I 

i 

tj 

ý 
9ý 

ý 
l d F R 

ý 
P ýj yk 

}. y A 7 7: 
I 
J IM !I R I , ýi aý RR 

, [ . 
ýý ý 

ew tý 
R H ýý y N ýý, . ý. 

.. ,.. "a. 
, ý, ý 

q 
'ýý 
" 

ý ý 



T ý T T ý I T ýI ý T ý T Y T T T T ý 

- -- -- - -- -- -- - 

nH tii il ý3 ýý ýý 33 A 

ý 

W i ll 

'r ý 



M E N 
1 1 

- - - 
-- -- -- -- 

- -- -- - -- -- -- -- -- - 

- 
-- -- -- -- -- - 

- t -- -- t u l ý ýl 
ý ý fl H fl i 

1 11 1 11 11 11 1 111 II II IH H H H 11 1 I I II 

º -- - -- -- - - - - -- --- 
- - - - - -- 

ý {I 
, 

I 

ýI 

I 

°I 

I 
" 

i 
11 s 

J °. 

f 

ý ý 

b 

S 

! 

M 

z 

Nl 

w i 
V . 

H 

K 

il 

.ý 

e 
ýý 

l 

ý 
A 

Y! t .Y 

ý 

Y v 

asi 4 

3 . 

F 
3 

V. 

F 
VW 

S ý 

rý r 
ýý 

gg 
E 

,ý 
; 

V 

rre 

ý , II I 
I _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ 

s ý xxx; xýx xx; xx! 
y w ýy i 

i_ 
s6y 



Yä 

!ý 

v 

'k 

H? 

" 

Y 

!ý 

dY YY . 

9 ý i 

p 

ýý 

s 

x '' 

pp 

w 

p 

w: 

ý 

pp 

v 

pp 

ä W 

ý Yý j 
i1 

ýý. 
ý I1 ýý 

ýe 
A. 

ý 

7ý 

%N 

ý 

Yn 

gö 

N% 

bä 

gy 

ö? 
%A 

ýk 

vý 

ö^ 
N% 

kk 
.. 

ý22r 

se 

%H 

kk 
. 

ý 

^� 
., 

ä 
ký 

xý 

R^ 

rrýý ý4 
jK 

ppý 

ý 

sn 
# 

ý°} 

_}} 5 

P h7ý pgq6C : tlpp 1RRý 

ý 

¬ 

3 

: 

" b eE 

s # 

' 
e 

ý3 

`: 

F 

,,: 

^ 

: 
y, 

" 
F 

ý ý 
ý 
7 

- 

o 

ý ý 

Yý 
NN N81 

Y 
N 

Y 

OR 
Y 
. 

YY 
ý.. 

ý 

. 14 
1 

i 

t 
- _p 

eL 
, 

Agqq 
Ana ý55 Y: 

}e 

a 

d1' 

:1 

. 1i 

} 

14 

G 

Yý yq . tý 
IIýF 

lx 
f 

aa 

u 
. 

J 

=ý 

ü4 
A: 

CC' bS 
33 

Äý 

f 

Eý 
$ ý -l däd \l' d7 

4R 

d4 
i 

- 

ý R 

- 

8ý 

-- 

`" 

-- 

L' 

-- 

ý/ 

-- -- 

3 
�ý 

PoS 

- 

ý' 
ý 

�ý 

" 



ý 
A 

ýR ý� rý ýý 
A 

F 
P 

k6 ffd W? ? 0. 
_WW W 

45 Sý5 

W 

Sý 

A 
S4 ý ý 

AW 

ý°A 

A 

ý 

A 
ýý ýý 

A w ý 

HH 
y8ý 
d 

88 
y8yY8 
g6{ 

y8uýyy 
Aü 

{8ýyuý 
AA 

y8uýy8yýý 
A% 

ußuyyBýý 
Mý{ 

u8V8 
d 

8yy 
ýM 

88V8V 
ýýM uu8y8uýy 

M% 
u8ý88 
dýý 

y8ýy8ý 
AýX 

yy8ýýu8uVV8 
MMM 

8uuyy8ýý 

gg 
uu8y8yýýuu8 
AqM 

8yy 

M 
V8Vyu8ý8 
MM 

88 
yu8ýy8uý 
MA 

8u8u 

M 

H 
ýý yuý 

M 

pp 
A W 

g$ ä a'e y ^ 
5 

4 i 
ý ý111 

ýj1 
1 

ý f 
3 P M1Y ; aW 

a d ý . 
ö 5 

n ; a 
. 

ý& 
E 

ýsý ' -ý ý3 ý 3 
, 9 9 

ý i, i ý 2v, F fý R k fý}y 6 
,AX pý qÄp. 1 11 pý pý 

ý ýp 
ý, 

p 
ýý 

ýy 
I 

I I it il l 
_ 

T 

ý 
4 J 

I_ 

! ý 4 

ý. 
ý ý, ý ý 

_ . a 
48 So 4,. .o ra ýa4 a4 84 a 

4o 9ý ý a4a 9a ýa 9 84a= 8ý 84 49 



Appendix XVII. 

SNSE Images 



Appendix XVII. Images of SNSE Product 

Rear View of SNSE Product with Doors Open 



SNSE Circuit Pack NT9X 12AD Port Card with Parity 

SNSE Circuit Pack NT9X 17AD MS4 Port Card 



SNSE Circuit Pack NT9X91AC GLOBAL +5/+12V POWER CONVERTER 



Appendix XVIII. 

DMS Compliance Study Report 



Appendix XVIII Extract from DMS Compliance Study Report (Nortel Networks, 1999d) 

Hazardous material data was collected through the use of an Excel spreadsheet 1 developed by 
Carl Mead, Doctorate Research Student, NSPaN Harlow. Data was also collected through 
partSMart e. g. component finishes, and a 1995 "average" component data source 
(TemaNord. 1995: 554). See Reference Section for further details. 

Of the eleven suppliers directly contacted for hazardous material information; 
" Only three suppliers ( Raychem, Framatome, National Semiconductors) responded with 

complete data in the excel format provided, 
" One supplier (Texas Instruments) responded with detailed hazardous material data and a 

hazardous material declaration in the company format, 
" One supplier (Mayville Metals) confirmed verbally the use of chromium finish 289A on 

metal products, 
" One supplier (AVX) did not want to complete the spreadsheet as a similar one had been 

finished for Nortel in the past and stated that the old information could be reused, 
" One supplier (Aavid) was not able to obtain the hazardous material information due to the 

lack of availability of such data within the organization, 
" Four suppliers did not respond to the hazardous material request or attempts to contact 

them, and 
" One supplier (Sanmina) could not locate the component or part number and felt that they 

no longer supplied this part due to divestiture of a Nortel facility. 

The following Table 2.1 is a list of components selected from common hardware sub 
assemblies across DMS equipment; NTRX30CA, NT9XOIJB, NT9XOIMB, NT9XO5AC, 
NTRX3ICA and NT9X70BB used to in the attempt to gather hazardous material data. 

Most major production commodities were part of the data collection exercise including 
capacitor, microcircuit, resistor, connector, heatsink, diode, fuse and filter. 
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If you would be a real seeker after truth, it is necessary that at 
least once in your life you doubt, as far as possible, all things. 

Rene Descartes 


