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Abstract 
This thesis presents guidelines for how eco-design methods can be adapted to facilitate the 
introduction of ecologically responsible manufacturing in small and medium sized enterprises 
(SMEs) in the Indian electronics industry. It also investigates the major opportunities and 
obstacles for eco-design to become a natural part of product design. This is urgent both from 
environmental and economic perspectives since the SMEs pollute a lot in proportion to their 
share of the total industrial production, and at the same time they are vulnerable for the 
increasing environmental demands on product design. The European Union recently 
introduced their directive on the Restriction of the Use of certain Hazardous Substances in 
Electrical and Electronic Equipment (RoHS) which bans certain hazardous chemicals in 
electric and electronic device. For many producers that supply to the European market this 
was a wake up clock to start thinking about environmental aspects related to production.  
 
The study was carried out as an interview and questionnaire study at three SMEs in the elec-
tronics industry. Additional interviews were held with informants in different organisations. It 
was concluded that for SMEs in the Indian electronics industry qualitative and semi-
quantitative eco-design methods should be chosen before quantitative methods. Eco-design 
methods should resemble traditional methods that are already used in the companies. For the 
product developers to be able to work with eco-design more education and other solutions are 
needed to raise the environmental knowledge. Support and commitment from top 
management is also imperative. Methods should be developed to encourage the establishment 
of multi functional teams and early integration of environmental aspects in design projects.  
 
The external demands on environmentally responsible manufacturing are expected to increase 
in the future. This will most likely have a positive influence on the environmental awareness 
in the industry, just as the RoHS directive has had. However, there are still economic and 
technical barriers that need to be bridged for SMEs in India to be able to work with eco-
design. More cooperation and communication between academics, policy makers and the 
industry is needed to make it happen.  
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1 Introduction 
The industrial society, with its heavy consumption of resources and products, is one of the 
foremost reasons to the environmental crisis that we face today.1 Many of the resources that 
we use are non-renewable, the extraction and use of products cause environmental damage 
and we end up with wastes that can not be recycled. To incorporate environmental concern 
early in the product development process reduces the product’s negative impact on the 
environment throughout its life cycle.2 A systematic way to do this is with eco-design, which 
is becoming increasingly popular among industries.  
 
Numerous methods for eco-design have been developed, some more practicable than others. 
One feature of such methods is that they are context dependent. They need to be chosen and 
fitted for every product development situation.3 Previous research has shown user require-
ments on design methods in Sweden.4 However, enterprises worldwide are responding to 
increasing demands from authorities, investors, shareholders and customers on environmental 
liability. They are in need of eco-design methods suited to their requirements. These should 
be taken into account in the further development of eco-design methods.   
 
This is not least the case in developing countries like India, where much consumer goods used 
in Europe and other parts of the world are produced. The electronics industry in India, 
especially the small and medium sized enterprises (SMEs) have different needs than similar 
Swedish SMEs since the technology basis and social circumstances are different. As recent as 
in the 1990’s the market changed from a protected environment to a competitive due to 
globalisation and economic liberalisation in India.5 The SMEs are still adapting to the new 
situation, learning how to compete and export.  
 
One key factor for a successful business is the ability to find information about the external 
demands on the product.6 These are various, the environmental being some of the most 
recently added to the list. During 2006 the European Union introduced its directive on the 
Restriction of the Use of certain Hazardous Substances in Electrical and Electronic 
Equipment (RoHS), which bans some harmful chemicals in electric and electronic device.7 
This meant that all producers of electronic goods needed to re-design their products to be able 
to export to Europe. For many SMEs in the Indian electronics industry this was the first time 
that environmental concerns were crucial aspects in the product development process, which 
had earlier been ruled by quality and economic aspects. It has been estimated that while SMEs 
in India make up 40 % of industrial output in terms of value, they pollute considerably more 
in proportion to total industrial production.8 Also, the environmental demands from consu-

                                                 
1 Connelly & Koshland 1996. Two aspects of consumption: Using an exergy-based measure of degradation to 
advance the theory and implementation of industrial ecology, p. 200. 
2 Lindahl 2005. Engineering designers’ requirements on design for environment methods and tools, p. 2. 
3 Ritzén & Lindahl 2001. Selection and implementation - key activities to successful use of EcoDesign tools, p. 
178.  
4 Lindahl 2005. 
5 Bowonder & Satish 2003. Is economic liberalisation stimulating innovation in India? p. 44. 
6 Kristiansen 2005. Information flows and adaptation in Tanzanian cottage Industries, p. 366. 
7 European Commission, Directorate-General, 2005. Frequently asked questions on directive 2002/95/EC on the 
Restriction of the Use of certain Hazardous Substances in Electrical and Electronic Equipment (RoHS) and 
directive 2002/96/EC on Waste Electrical and Electronic Equipment (WEEE), p. 4. 
8 UNEP Division of Technology Industry and Economics 2000a. Financing cleaner production: Study on past 
investment practices, p. 22. 
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mers and stakeholders are likely to increase and therefore a progress towards ecologically 
responsible design and production is desirable.9

 
Whether or not environmental concerns will become a natural part of the design process for 
the electronics industry depends among other things on whether they are able to understand 
and use the eco-design methodology correctly.10 This thesis investigates how eco-design 
methods can be adapted to facilitate the transition towards eco-design in the Indian electronics 
industry.   
 

1.1 Objective  
The overall objective of this thesis is to produce guidelines for the choice, use and further 
development of eco-design methods for SMEs in the Indian electronics industry. It encom-
passes a study of the requirements posed by product developers, a study of life cycle thinking 
and organisational aspects related to product design in the electronics companies as well as 
lessons learned by the introduction of the RoHS directive. The objective has been broken 
down into the following research questions: 
 

• What are the most important requirements on design methods according to product 
developers? 

 
• What design methods are used today? 

 
• Do product developers and managers think in life cycle terms and have enough know-

ledge about environmental issues to work with eco-design? 
 

• How have the SMEs been affected by the RoHS directive? 
 

• What major opportunities and obstacles are there for the SMEs in the electronics 
industry to work with eco-design?  

 
The answers to these questions are then related to the further development and use of eco-
design methods and the absorption of eco-design in India. In-depth studies at small and 
medium sized electronics companies and interviews with relevant informants were considered 
to be suitable methods to fulfil the objective.  
 
 

 
 

                                                 
9 UNEP Division of Technology Industry and Economics 2000b. Promoting cleaner production investments in 
developing countries: Issues and possible strategies, p. 10. 
10 Lindahl 2005, p. 5. 
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2 Background 
This chapter aims at clarifying concepts and theory that are used in the thesis. After an 
introduction to product development, life cycle thinking and eco-design, there is a de-
scription of the Indian electronics industry and the RoHS directive.   

2.1 Product development  
Product development is defined as “all the activities in a company aiming at bringing a new 
product to the market”.11 The activities can involve design, production and marketing and a 
product can be both a service and an object. In this thesis, only physical products are con-
sidered. 
 
A product development method is a “way of working, in a predefined and systematic way, 
which facilitates the user’s work towards a desired outcome”, while a tool is a “means” with 
the same purpose.12 This report does not differ between methods and tools, since it is hard to 
draw a line between them. Here, both types are called design methods. Some examples of 
design methods are CAD programmes for calculations and simulations, quality methods used 
among other things for detecting failures and causes, checklists, brainstorming and other 
thinking techniques.  
 

2.2 Life cycle thinking and eco-design 
The way to tackle environmental problems has traditionally been to reduce effluents from 
industries and other point sources, but today’s environmental discourse promotes a more 
comprehensive and preventing approach.13 The growing awareness that there is a connection 
between product development and environmental problems has lead to an increased focus on 
life cycle thinking in the product development process.14  
 
Life cycle thinking implies a holistic outlook on all the phases that a product goes through, 
from manufacturing to end of life treatment (see fig. 1). By assessing the environmental 
impact of all steps one can minimize, and/or shift the potential impact between different 
phases, already at the design stage.15 To incorporate environmental concerns in the product 
development process has many names, such as Design for Environment, Life Cycle Design, 
Environmentally Conscious Design and Manufacturing and, the one used here, eco-design.16 
Eco-design is defined as “an approach to design where all environmental impacts of a product 
are considered over the product’s entire life cycle”.17  
 
Eco-design is a new way of thinking in product development. While traditional product deve-
lopment incorporates customer, technical and economic demands etc., eco-design also inte-
grates environmental demands. This new way of thinking has brought on demands for a new 
type of technology; eco-design methods. Numerous and diverse eco-design methods have 
been developed and the level of complexity ranges from simple checklists to software appli-

                                                 
11 Lindahl 2005, p. XII.  
12 Lindahl 2005, p. XII. 
13 Ryding 1998. Miljöanpassad produktutveckling, p. 11.  
14 Lindahl & Tingström 2000. En liten bok om miljöeffektanalys, p. 12. 
15 Finkbeiner, Inaba, Tan, Christiansen & Klüppel 2006. The new international standards for life cycle 
assessment: ISO 14040 and ISO 14044, p. 83.  
16 Lindahl 2005, p. 3. 
17 Lindahl 2005, p. 3. 
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cations.18 There is even an ISO standard for Life Cycle Assessment, LCA (ISO 14040). 
However, there seems to be problems with the implementation of eco-design methods in 
organisations.19 Enterprises often fail to work in a consistent way with eco-design and it has 
been suggested that method developers to a greater extent need to take in the context in which 
the methods are used, and consider how methods interact with each other.20  
 
 

Extraction 
of raw 

material 

Processing 
of raw 

material 

Manufac-
turing of 

componen
ts 

Assembly Utilisation Dis-
assembly 

Recycling Deposition 

Manufacturing Utilisation End of life treatment 

Life cycle thinking 

Traditional thinking 

 
Fig. 1. A simplified version of Lindahl & Tingström’s illustration showing the phases of a 
product’s life cycle, from the manufacturing processes and the utilisation to the end of 
life treatment.21

 

2.3 Choosing eco-design methods 
Design methods are context dependent, which means that they need to be chosen and fitted 
for each product development situation.22 Before deciding on a method, the user should list 
the needs for the usage of the method as well as the goals of the project.23 In reality though, 
design methods are often chosen in an unsystematic way. A badly chosen method influences 
the product development process negatively, for example by not giving the needed answers or 
by extending the product development time. Below are some of the questions that should be 
considered when choosing an eco-design method:24  
 

• What kind of input data is available and what type of information is sought for? Will it 
be used for new or further development of a product? For internal or external commu-
nication?  

 
• Who is the user of the method and what qualifications does this person have?  

 
                                                 
18 Lindahl 2005, p. 3 and Ehrenfeld & Lenox 1997. The development and implementation of DfE programmes, p. 
18. 
19 Ehrenfeld & Lenox 1997, p. 18. 
20 Ehrenfeld & Lenox 1997, p. 18 and Tingström & Karlsson 2006. The relationship between environmental 
analyses and the dialogue process in product development, p. 1409. 
21 Lindahl & Tingström 2000, p. 13. 
22 Ritzén & Lindahl 2001, p. 178. 
23 Ritzén & Lindahl 2001, p. 175. 
24 Ritzén & Lindahl 2001, p. 175. 
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• How much time and what other resources are available? 

Required and generated data 
Eco-design methods can roughly be categorised into three groups depending on their 
requirements on input data and the data they generate; the quantitative, the qualitative and the 
semi-quantitative (where quantifying is preferred but not an absolute requirement). Some 
examples are LCA (quantitative), Environmental Effect Analysis (EEA, qualitative) and the 
MET matrix (semi-quantitative).25  
 
Quantitative methods give an exact answer about the environmental impact of different 
alternatives. However, finding detailed quantitative input information about the products life 
cycle is difficult, especially for new products. On the other hand, once it has been done the 
information can be used for marketing purposes, for further development of the product and 
for comparisons of different alternatives. Qualitative methods often take little time to use, 
which facilitates feed-back in a design project, but the outcome from qualitative methods 
should not be used for marketing purposes.26  

The user 
The product developer, being the main user of the methods, influences the results in a direct 
way.27 Important user related factors are the designer’s mind-set, interest and understanding 
of the nature of the method.28 If the designer does not see a reason for using the method, it 
will not be used. Without proper knowledge of how the method works it will not give a 
correct result. In the eco-design context life cycle thinking and environmental knowledge are 
important qualifications. 
 
Earlier studies have displayed that it is beneficial if methods are introduced in consultation 
with both designers and managers.29 If a method is implemented by decree from the manage-
ment and the designers do not understand how and when it should be used, it is less likely to 
be frequently used. Support from top management is indispensable since without it necessary 
resources are not approved.30     

Economic aspects 
Qualitative methods are more user friendly and take less time to use than the quantitative, due 
to less extensive need for data.31 Also, qualitative information is usually more available than 
quantitative in the beginning of the development process, when changes are easier and less 
expensive to make.32 Other expenses related to the use of methods are those for purchasing 
the method and training.  
 

                                                 
25 Lindahl, Jensen & Tingström 2000. A comparison between the environmental effect analysis (EEA) and the 
life cycle assessment (LCA) methods – Based on four case studies  and Norrblom, Jönbrink & Dahlström 2000. 
Ekodesign – praktisk vägledning, p. 87. 
26 Lindahl, Jensen & Tingström 2000. 
27 Lindahl 2005, p. 17. 
28 Araujo 2001. Acquisition of product development tools in industry: A theoretical contribution, p. 14-16. 
29 Ernzel et al 2002, cited in Lindahl 2005, p. 16. 
30 González & Palacios 2002. The effect of new product development techniques on new product success in 
Spanish firms, p. 267.  
31 Lindahl 2001. Environmental effect analysis – how does the method stand in relation to lessons learned from 
the use of other design for environment methods, p. 868. 
32 Lindahl 2005, p. 2. 
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2.4 The Indian electronics industry 
The electronics industry in India goes back to 1965 and was initially dominated by space and 
defence technologies.33 Since then India has produced consumer goods such as audio pro-
ducts, TVs, computers, telephone and digital exchanges and components. Between 1984 and 
1990 the industry experienced rapid growth, followed by harder times due to an economic 
crisis and the IT boom. The new national focus on information technology and software and 
the increasing global competition made it difficult for the hardware sector, forcing some 
companies to close down while others were more fortunate and made a name internationally. 
Today the sector is growing at a rapid rate and is estimated to quadruple in the next few years 
(see fig. 2).  
 
 
 

 
 

 
Indian electronics industry, total turnover: 
 
Part of global electronic industry:  
 
Largest segment, all markets: 
 
Largest segment, exports only: 
 
Percentage of SMEs (units) in the Indian 
electronics industry: 

 
€ 8.7 billion (2004-05) 
 
0.7 %  
 
Consumer goods (31 %) 
 
Components 
 
 
>90 % 

Fig. 2. A world map showing India and basic facts on India’s electronics industry.34  
 

2.5 The RoHS directive 
The EU directive 2002/95/EC on the Restriction of the Use of certain Hazardous Substances 
in Electrical and Electronic Equipment (RoHS) was laid down to improve the recovery and 
disposal of electrical and electronic waste and thereby protecting human health and the 
environment.35 It was taken into force 1 July 2006 and regulates maximum concentrations of 
lead, mercury, cadmium, hexavalent chromium, polybrominated biphenyls (PBB) and poly-
brominated diphenyl ethers (PBDE) in electrical and electronic products that are put on the 
European market.36 Some products are exempted, such as medical and military equipments. It 
is probable that companies that supply to the global market will go completely RoHS com-
pliant rather than to keep a special line for Europe.37  
 
The restrictions result in that the design and manufacturing of electrical and electronic equip-
ment has to be altered. For instance, changing to lead-free solders also means that printed cir-
cuit board materials are exposed to higher temperature since lead-free solders have higher 
melting points.38  

                                                 
33 ELCINA (no date b). Indian electronic industry. 
34 Gupta 2005. Image: India Location, ELCINA (no date b) and ELCINA (no date c) Size of the industry.  
35 European Commission, Directorate-General 2005, p. 4. 
36 European Commission, Directorate-General 2005, p. 16-17. 
37 Pb-free.com 2007. Frequently asked questions. 
38 Pb-free.com 2007. 
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3 Research methods and material 
This chapter describes how the study was performed, from the choice of method and 
material to the analysis of data. Finally, there is an evaluation of the quality of the study 
and the ethical issues that have been raised.  

3.1 Choice of methods 
The study consists of an interview and questionnaire study with managers and product deve-
lopers at three electronics companies and additional interviews with five selected informants 
in India. An extended questionnaire study of the electronics industry was sent out to 204 
companies, but since it had only two replies it was not included in the results. This combina-
tion of qualitative and quantitative methods was at an early stage concluded to be a good way 
of meeting the objectives.  
 
Qualitative interviews were used as the primary method for all the research questions since 
the field of investigation was rather unknown. It is also a good way of investigating how 
individuals think and feel about different concepts, as is being done in some of the research 
questions here.39 For the first and second research questions (see table 1) a questionnaire was 
used to confirm the answers from the interviews with the product developers and to allow 
them to give supplementary details. An additional reason was to gain experience for the ex-
tended questionnaire study.    
 
 
Table 1. An overview of the research questions and how they were investigated. For 
more details on the target groups, see section 3.2 Selection of interviewees. 

Research question Methodology Target group(s) 
    
1 What are the most important requirements on design tools 

according to product developers? 
 

Interviews and 
questionnaire 

Product developers in 
electronics companies 

2 What design methods are used today? 
 

Questionnaire 
and interviews 

Product developers in 
electronics companies and 
one informant 
 

3 Do product developers and managers think in life cycle 
terms and have enough knowledge about environmental 
issues to work with eco-design? 
 

Interviews Product developers, 
managers and some 
informants 

4 How have the SMEs been affected by the RoHS directive? 
 

Interviews Managers and informants 
 

5 What major opportunities and obstacles are there for the 
SMEs in the electronics industry to work with eco-design?  
 

Interviews Managers and informants 

 
 
The type of interview that was used in the interview and questionnaire study was the semi-
structured interview, where the questions are not standardised in advance.40 I used an inter-
view guide with a set of themes and questions that were given more or less importance depen-
ding on which turn the interview took. This gives a structure to the interview while main-

                                                 
39 Bryman 2004. Samhällsvetenskapliga metoder, p. 300. 
40 Bryman 2004, p. 127. 
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taining a high level of flexibility.41 The aim of the interviews with the informants was to ex-
plore and gain a broader understanding of the electronics industry and the environmental 
situation in India. Therefore those interviews were less structured and resembled common 
conversation.42 The questionnaires had most fixed alternatives but also a few open ended 
questions. If nothing else is specified, “the questionnaire” from now on refers to the question-
naire that was given to product developers at the three electronics companies. 
 

3.2 Selection of interviewees  

The interview and questionnaire study 
The specific companies to be studied were chosen in consultation with the Electronics 
Industries Association of India (ELCINA). Three were identified, the most important criteria 
being that they were small or medium sized enterprises (SMEs) according to the definition 
from the European Union.43 The size was determined by the yearly turnover rather than by 
headcount, since this was considered a more correct measure. Two companies, one medium 
and one small sized, were located near New Delhi in northern India and the third was a 
medium sized company in Bangalore in the south. They are all suppliers of electronic compo-
nents to the European market. 
 
The main group of interest for this study was people that have practical experience of using 
design methods, that is, product developers. However, their work is often influenced by and 
integrated with other actors such as top management, and therefore the managers were 
included in the study as well. I selected the specific interviewees together with an employee at 
each company (see table 2 for a summary).  
 
 
Table 2. Summary of the interviews and the questionnaire.  

  Qualitative interviews The questionnaire 
      

Company 1: 
 

 1 
3 

Executive director 
Product developers 

3 Product developers 
 
 

Company 2: 
 

 1 
3 

Senior general manager 
Product developers 

3 Product developers 
 
 

Company 3: 
 

 1 
3 
1 
1 

Executive director 
Product developers 
Supply chain management 
Raw material selection 
 

3 Product developers 
 

TOTAL      14  9  
 
 
Important requirements on the product developers were that they should have practical 
experience of product design and work on different levels in the company hierarchy. The 
latter criterion was desirable to capture potential variation due to level of responsibility. Three 
product developers per company were chosen for interviews and the questionnaire. Out of 
those four were design managers, four were designers and one worked with support to the 
                                                 
41 Bryman 2004, p. 300. 
42 Bryman 2004, p. 301. 
43 European Commission, Enterprise and Industry (2007). SME definition. 
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product development. Their median experience of product design was 6 years (Q1= 8 months, 
Q3= 18 years, n=9) and they were all currently involved in one or several different projects. 
 
From top management one person per company, in general the executive director, was chosen 
for interviews. At one company two additional interviews were held with representatives from 
raw material selection and supply chain management.  

Informants 
To broaden the study and to get a deeper understanding of the conditions of SMEs, the 
electronics industry and the environmental situation in India, five additional interviews were 
held with informants at different institutions and organizations in India.  
 
Informant 1: The Electronic Industries Association of India (ELCINA)  
ELCINA is the oldest and largest association for electronics companies in India.44 Its main 
target is to promote electronics components and assemblies in all areas of application. 
ELCINA is one of the partners in the Asia Eco-Design Electronics (AEDE) project, a Euro-
Asian initiative to support eco-design in the electronics industry.45 One of the officers at the 
ELCINA office in New Delhi was interviewed for this study.  
 
Informant 2: A micro sized electronics company 
A manager at a micro sized company in Bangalore was chosen for an interview with help 
from ELCINA, one important criterion being that the company should be representative for 
the smallest companies in the industry.  
 
Informant 3: The Swedish International Development Cooperation Agency (Sida) 
One of the officers at Sida’s office in New Delhi was interviewed for the study. Sida is part of 
the Swedish foreign ministry and its main objective is to help poor people to improve their 
living standards.46 One of the approaches that Sida supports in India is environmental 
protection in areas that benefits the poor.  
 
Informant 4: The Swedish Trade Council 
The Swedish Trade Council promotes Swedish business in more than 40 countries and has 
experience of both Swedish and Indian industries.47 An Indian officer in New Delhi was inter-
viewed.     
 
Informant 5: Karnataka State Pollution Control Board (KSPCB)  
KSPCB is the body that is responsible for enforcing the environmental legislation in the state 
of Karnataka in south-western India.48 The central office is in Bangalore, where one of the 
officers was interviewed for this study. Among the board’s responsibilities are to plan, advice 
and lay down standards in matters of air and water pollution and to inspect industrial plants 
and manufacturing processes. 
 

                                                 
44 ELCINA (no date a) About ELCINA.  
45 Centre for Sustainable Design (no date) AEDE – Asia eco-design electronics.  
46 Sida (2007). About Sida. 
47 Swedish Trade Council (2007). Exportrådet i Indien. 
48 Karnataka State Pollution Control Board (no date) About us.  
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3.3 Realisation  
All interviews were held at the companies, institutions and organisations with one interviewee 
at a time. Most interviews were around 30 minutes long but varied between 10 and 60 
minutes. Most were recorded digitally, the exception being informant one, three, four and 
five, for which notes were taken instead. Two different interview guides were used; one for 
managers and one for designers (see appendix 1). As new questions were raised and others 
needed to be reframed, the guides were updated. At the end of each interview the interviewee 
had time to develop and add arguments. For the interviews with the informants a list of 
themes was used to guide the discussion (see appendix 2).   
 
The interviews held with the product developers were designed to prepare them for the 
questionnaire, which was given in paper form immediately after the interview sessions. These 
too were answered individually. A previous questionnaire study by Lindahl was used as a 
model for this questionnaire.49 When possible the same wordings were used (see appendix 3). 
Some extra questions were added to support other parts of the study. For most questions the 
product developers should choose one or several alternatives that were given. On top of this 
there were a few open ended questions. The questionnaire starts from the notion that the 
product developer’s requirements on traditional design methods are valid for eco-design 
methods as well.50 Therefore, the questionnaire had a general approach to design methods and 
did not ask specifically about eco-design.    
 
The extended questionnaire had similar but fewer questions and was distributed by e-mail in 
an MS Word file to 204 companies. It was sent out in co-operation with ELCINA and another 
MSc student, Frida Persdotter. The answers were too few to be used (only two out of the 204 
companies responded) and therefore not presented. 
 

3.4 Analyses 

The interviews 
A preliminary analysis was written down directly after the interviews. This was compared 
later to the more systematic analyses. The recordings were transcribed, however, not word by 
word since this was considered unnecessary for the particular study. Instead the general points 
of each interviewee were summarised, with more attention to details in critical statements. 
This concentration of meaning was further developed, with aid from a modified version of a 
method described by Kvale.51 The notes from the interviews that were not recorded were 
treated in the same way as the transcripts.   
 
First, “natural units of meaning” were identified, which means that the transcripts were 
divided into paragraphs. Every time the subject changed in the interviews a marking was 
added. Then questions were posed to the units of meaning, to connect the sayings with the 
overall aim of the study. The questions asked were; 
 
What does this unit tell me about: 

• … which requirements on design methods that are important for the designers? 
• … what design methods that are used today? 

                                                 
49 Lindahl 2005.  
50 Lindahl 2005, p. 61. 
51 Kvale 1997. Den kvalitativa forskningsintervjun, p. 175-178. 
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• … the designers’ and managers’ view on environmental issues and life cycle thinking? 
• … the opportunities and obstacles that the SMEs see in working with eco-design? 
• … how the SMEs have been affected by the RoHS directive? 

 
The third question was analysed by looking at the interviewees’ examples and arguments to 
see if they had a systematic approach and life cycle thinking. Finally, the results from the 
second step of the analysis were summarised horizontally, which means that the results were 
aggregated for each question and not for each interview. Exact quotations were used to 
highlight certain issues.  

The questionnaire 
The background questions and the questions on the product developer’s influence on the 
design process (see appendix 3) were analysed by counting frequencies to determine what the 
majority of the product developers wrote. In some cases simple descriptive statistics were 
used, with the median as measure of central tendency since there were so few samples (n=9). 
The analysis of what design methods that are used in the companies was carried out in a 
similar way and divided into five categories: computer-aided (CAD) programmes, quality 
checklists and diagrams, quality development programs, creative thinking techniques and eco-
design methods.  
 
The product developers were asked to value 29 different requirements on design methods 
depending on how important they were. One meant not important and seven meant very 
important. The median value (1-7) for each requirement was calculated.  
 
The requirements represent four efficiency improvement objectives that interact and that 
product developers need to balance in their work: to a) shorten development time, b) lower 
product cost, c) improve product performance and d) lower development cost.52 The 29 
requirements had been categorised according to this logic in an earlier study by Lindahl (see 
appendix 3).53 Not all requirements could be grouped according to this system so they make a 
new category (see fig. 3). The number of requirements in each category was uneven and the 
second group was not represented in the requirements list (see table 3).  
 
 

Shortening 
development time 1 Lowering product 

cost 2 

 
Fig. 3. Modified illustration of efficiency improvement objectives and how they interact. 
Most requirements on design methods can be categorised into four improvement 
objectives, the remaining forming a fifth group.54

                                                 
52 Lindahl 2005, p. 55. 
53 Lindahl 2005. p. 56-7. 
54 Lindahl 2005, p. 55 (modified). 

Improving product 
performance 3 Lowering 

development cost 4 

Others 5 
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To test if the designers had valued any of the categories of requirements higher than the others 
they were first plotted and then a non-parametric hypothesis test for more than two inde-
pendent groups was used, the Kruskal-Wallis. The significance level was set to the standard 
0.05.  
 
 
Table 3. The distribution of designer requirements on improvement objective categories. 

 Category Number of requirements 
1. Development Time 13 
2. Product Cost 0 
3. Product Performance 2 
4. Development Cost 8 
5. Others  6 
 TOTAL 29 

 

3.5 The quality of the study and ethical issues 
Several measures have been taken to make this study reliable. Some examples are that both 
qualitative and quantitative methods have been used to complement each other and that plenty 
of time was spent at each studied company to get a comprehensive understanding of their 
priorities. The results and conclusions of the study have been verified by the managers of the 
interviewed SMEs. 
 
All the companies and informants were welcoming and gave access to their staff, premises 
and other materials. However, the cultural differences and the language were sometimes a 
difficulty. All interviewees spoke English but the communication did not always work. 
Sometimes it was the questions that had not been framed in a good way and sometimes it 
seemed as if the interviewee answered just to be polite and not because they knew the 
question or the answer. This is partly balanced by the questionnaire which repeats some 
questions, and I have also excluded some answers that I did not consider reliable.     
 
The interviewees were given information about the study in advance and were told that 
participating was optional. Still, the product developers probably felt obliged since they had 
been selected by their manager and me. To account for this all interviewees were granted 
anonymity. This was also the reason why three companies and three product developers at 
each company were interviewed, so that they could not point each others answers out.   
 
The product developers were able to ask me immediately if something was unclear in the 
questionnaire, which increased the quality of the answers. The fact that the extended 
questionnaire was not useful decreased the material for research question one and two. 
Therefore I have been careful not to overemphasize the results of these research questions. 
The low answering rate may have had several causes; perhaps the questionnaire did not 
motivate the receiver to answer, they may have been sent to the wrong person in the company 
or to the wrong address etc. In future studies it might be a better approach to send 
questionnaires by regular mail and if possible offer some compensation for the contribution. 
Besides this, I experienced that the chosen methods were well suited to fulfil the objective.  
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4 Results 
This chapter presents the results from the analysis of the interviews and questionnaire. 
They are displayed in relation to the study’s five research questions. After each section 
the main conclusions have been listed.    

4.1 Important requirements on design methods 
It was clear that both managers and product developers are involved in choosing product 
development methods.55 The questionnaire showed that management is always actively 
involved in this process, while only four out of nine product developers claimed that they take 
part in deciding what methods that should be used.56 However, all product developers claimed 
that they have had the opportunity to influence what methods that he or she uses. Usually, 
different departments such as top management, marketing and technical management are 
involved in choosing methods: “It’s the typical triangle of top management […], the 
commercial guys and the technical guys.”57

 
A majority of the product developers have personal requirements on the methods that they 
use.58 Some examples given in the questionnaire were compatibility, lower cost and that the 
methods should simplify specific design processes. The product development process is often 
standardised which means that there are sets of rules and checklists of how to go about.59 
From the interviews it seemed like the designers with short experience and those further down 
in the hierarchy have less influence on the design process and the methods used, than those 
higher in the hierarchy or with longer experience of product development.   
 
All requirements on design methods that were valued in the questionnaire had median values 
equal to or larger than four.60 This implies that all requirements were valued as important, 
which complicates the analysis. The scatter plot and the Kruskal Wallis test did not show any 
significant difference in importance between the groups of requirements, i.e. Shortening 
development time, Lowering product cost, Improving product performance, Lowering 
development cost and Others. None of the means of the groups differed from each other or 
from their common mean (p = 0.910 > 0.05).  
 
As many as 41 percents of the requirements had a median value of seven (very important) 
which made ranking of the requirements pointless.61 However, one of the highest valued 
requirements was also a requirement that was emphasized by all product developers in the 
interviews: design methods should help the product developer to fulfil specified requirements 
of the prospective product. This is seen as the overall objective of using a design method since 
customers usually give detailed product specifications in advance.62 There are also standards 
and other norms that determine the design.  
 

                                                 
55 Interviews with SMEs and questionnaire 
56 Questionnaire 
57 Interview with SME 
58 Questionnaire 
59 Interviews with SMEs 
60 Questionnaire 
61 Questionnaire 
62 Interviews with SMEs 
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The questionnaire showed no preference of quantitative versus qualitative design methods.63 
A method’s ability to provide “quantitative answers” and “an exact answer/direction for 
further work” (usual properties of quantitative methods) was valued equally high as to 
“facilitate data collection in a product development project” (common for qualitative 
methods).64

 
The interview study showed that for a method to be frequently used it is important that the 
results are easy to understand and interpret, and also easy to communicate.65 Environmental 
information about products is predominately used internally and not for marketing purposes, 
the exception is information about RoHS compliance. The method should give an image of 
the costs of the project, solve the technical issues and be compatible with the other techniques 
used and with the management systems.  
 
Only at one of the three companies did the product developers say that they have been trained 
in the design methods that they work with.66 The rest said that they learn the methods as they 
use them. Many product developers emphasized the importance of experience and creativity. 
When asked if there are any disadvantages of the traditional design methods that are currently 
used most product developers said that there are not. However, some product developers 
added that if the methods do not work properly it is usually because the product developer 
does not have the right competences:   
 

It’s not really limitations of the technique. [---] I mean, I think that the FMEA tool 
or the Six Sigma concept, there’s nothing negative about it – it may be our 
insufficient knowledge…67

Conclusions 
• Choosing methods is a cross functional task where both managers and product 

developers are involved. Designers with low experience and those that work further 
down in the hierarchies have less influence. 

 
• None of the categories of requirements were valued as more important than the others 

in the questionnaire.   
 

• One of the most important requirements on design methods is that they should help the 
product developer to fulfil specified requirements of the prospective product. 

 
• The design methods should generate answers that are easy to understand and 

communicate. Environmental information related to products is mostly used internally.  
 

• The methods have to solve the technical issues and fit well with other methods and 
systems. 

 
• The methods have to be easy to learn since formal training is rare. How well the 

method works in practice depends on the competence of the product developers.  
 
                                                 
63 Questionnaire 
64 Appendix 3 
65 Interviews with SMEs 
66 Questionnaire 
67 Interview with SME 
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4.2 What design methods are used today? 
A manager at one of the SMEs said that it is typical for SMEs not to have very sophisticated 
methods:  
 

“Quite frankly, we don’t really use - maybe that’s the case with most SMEs - a very 
structured tool. Our tool is more […] a checklist.”68  

 
When the product developers were asked what methods they use it could be seen that the 
small company uses fewer design methods than the two medium sized.69 One reason for this 
is the economic aspect. Investing in new methods requires more time and is costly. It is 
important that methods return their investment cost, directly or indirectly. Usually, the same 
set of methods is used for different product development projects and, due to the cost, new 
methods are only brought in if it is absolutely necessary. According to one company, this 
could be the case when a new product is developed or if a customer demands that a certain 
method is used. The three SMEs all work both with new and further development, although 
further development predominates and especially in the small company.  
 
A majority of the product developers claimed that they experience a need of more methods.70 
When asked what stops them from using more methods the marked answers were “Expenses 
for purchasing”, “Expenses for education”, “Demands from customers” and “Nothing”.  
 
The interviews and the questionnaire showed that there is a large variety of methods that are 
used in the SMEs.71 There are computer-aided design (CAD) programmes for simulations and 
calculations; quality checklists and diagrams, such as the Failure Mode and Effect Analysis 
(FMEA) and the Pareto chart; quality development programmes, for example Advanced 
Product Quality Planning and Six Sigma and some creative thinking techniques, such as 
brainstorming and Six Thinking Hats. FMEA, checklists and AutoCAD, or similar pro-
grammes, were used by all product developers. Only one company, one of the medium sized, 
used eco-design methods.72 Those were LCA and EEA.  
 
Many of the product developers prefer computer based methods before manual.73 The main 
advantages are that they facilitates the process when there is a lot of information involved, 
that you can easily see what happens when a variable is changed and that information can be 
reused in later projects. On top of this it facilitates documentation and it is easier to compare 
different products. However, when rough estimations are needed at an early stage, CAD 
methods can be time consuming compared to calculating by hand. When summed up the 
product developers are still in favour of the CAD methods: “Yes, definitely, it’s better if it’s 
computer based.”74

Conclusions 
• Small companies use fewer methods due to economic reasons. There seems to be a 

positive relationship between development of new products and more methods. 

                                                 
68 Interview with SME 
69 Interviews with SMEs  
70 Questionnaire 
71 Interviews with SMEs and the questionnaire 
72 Questionnaire 
73 Interviews with SMEs and the questionnaire 
74 Interview with SME 
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• The methods that are used vary between companies but FMEA, checklists and CAD 
programmes such as AutoCAD are very common. The use of eco-design methods is 
limited.  

 
• Computer based methods are preferred before manual design methods.  

 

4.3 Life cycle thinking and knowledge about environmental issues  
According to ELCINA eco-design initiatives in the electronics industry is unusual and most 
SMEs probably do not know what eco-design is.75 They are still learning why and how to 
collect their wastes, so the road to eco-design is long. The informant at the Swedish Trade 
Council said that the environmental awareness in Indian companies has generally increased 
the last five or six years due to an increased focus on environmental performance from foreign 
investors.76 However, Indian companies do not ask about environmental issues the other way 
around, when they contact the Swedish Trade Council to inquire about Swedish business 
partners.   
 
The knowledge about environmental impact from electronics and life cycle thinking varied 
between and also within the three SMEs and the micro sized company that were visited.77 The 
knowledge was moderately good, and it was confirmed by ELCINA that the companies were 
probably some of the most environmentally aware SMEs in the industry.78 One company 
stood out from the rest since they work strategically with environmental issues as part of their 
business idea.79 This is the only of the studied companies that had given environmental 
education beyond RoHS and it was clear that the employees had a higher level of knowledge 
and motivation for these questions. They also saw fewer difficulties in working with eco-
design. Interviewees at the other companies had usually been to one or a few seminars, all 
concentrated on RoHS or ISO 14001.  
 
A general observation was that the knowledge and life cycle thinking decreases further down 
in the company hierarchies.80 These employees were usually young or newly employed. 
While top and design management generally had a systematic approach to environmental 
issues, knew some basic concepts in eco-design and could motivate their opinions, the young 
designers merely connected the word “environment” with working environment or the RoHS 
directive. Some thought that all negative environmental impact was taken care of with RoHS. 
Here is an example of a new employee and one that has been in the same company for a 
while, giving their view on their products’ impacts on the environment:  
 

All [products] are environment friendly. As we are not using or giving any 
hazardous metal or something… They are all non hazardous substances.81

We are using lots of chemicals, lots of gases […]. So its [the product’s] impact is 
high on environment [---]. Related to our company, I think that energy is the most 
important part which we are consuming right now very high.82  

                                                 
75 Interview with ELCINA 
76 Interview with the Swedish Trade Council 
77 Interview with SMEs and the micro sized company 
78 Interview with ELCINA 
79 Interview with SME 
80 Interviews with SMEs 
81 Interview with SME, my explanation 
82 Interview with SME, my explanation 
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A conclusion here is that the enterprises have a large and positive influence on the environ-
mental awareness and knowledge of their employees.   
 
All interviewees from top management understand the relationship between RoHS and eco-
design, that the latter has a larger perspective.83 However, several of the managers claimed 
that they do not know exactly what eco-design is, how it works and where to find information 
about it:  
 

We don’t know eco-design and neither does anybody I know in India know it. Where 
you’re beginning to design a new [product], thinking of the ecological footprint that 
the [product] or the process will have in the future, we don’t know at the moment. I 
hope at some stage we will be able to do it.84

 
From the managers’ overall discussion about eco-design and the environmental impact from 
electronics, it seems as if they underestimate themselves or put too much into the concept of 
eco-design. For instance, someone thought that an eco-designed product should be completely 
biodegradable, which is currently not possible for electronics. On the other hand, those 
managers and product developers who had a less clear understanding of life cycle thinking 
seemed to underestimate the negative impact from their products.     

Conclusions 
• The knowledge about environmental issues and life cycle thinking was generally good 

in the companies, and probably above the average in the electronics industry. 
 
• As a rule, employees further down in the company hierarchy seemed to have less 

knowledge about the environment and negative impacts from products.  
 

• The managers generally had a more systematic approach and could motivate their 
opinions. They all understood the relationship between RoHS and eco-design.  

 
• The managers that were familiar with eco-design seemed to underestimate their own 

knowledge or put too much into the concept of eco-design. Those who had a less 
systematic perspective on environmental impacts from products seemed to under-
estimate the impact from their products.  

 

4.4 The RoHS directive and its consequences for SMEs 
According to the Electronic Industries Association of India (ELCINA) approximately 70 
percent of their 220 member companies export to the European Union and is thus affected by 
the RoHS directive.85 The informant said that many of them see RoHS as an obstacle and that 
some companies have not managed to modify their product design and manufacturing in time. 
It is harder to make changes when the motivation is external. There are also examples of 
companies that have been positively affected by RoHS, for which the directive has meant 
opportunities.  
 

                                                 
83 Interviews with SMEs 
84 Interview with SME, my alteration 
85 Interview with ELCINA 
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A general point seems to be that RoHS has been harder and more costly to comply with for 
the larger companies.86 All the companies that were interviewed had finished their work with 
RoHS well in time before the legislation came into force. The small and the micro sized 
companies claimed that the changes had been easy to make since only a few processes were 
affected. The larger companies have had a tougher task. For one of them critical processes and 
parts were affected which lead to deterioration in quality at first. A special team was installed 
to work with the questions and after two years the company was compliant. “This has been a 
very… probably the biggest project we have handled in the recent past.”87  
  
All the companies, including the micro sized, agreed that becoming RoHS compliant was 
worth the effort.88 Europe is a big market.  
 

It has not made that much of a huge increase in our costing. So I can very nicely 
say that I’m happy to be RoHS compliant […]. For me it has become one of my 
unique selling points. [---] It’s become an opportunity for me.89  

 
Still, they listed several issues that they found negative with the directive and its 
implementation. The micro sized company claimed that the process that had been affected by 
RoHS was now three times more expensive than before.90 Since the customers outside Europe 
do not want lead free components, and choose the cheapest supplier, the company had already 
lost an order. The small company criticized how the developed countries dictate the 
conditions for enterprises in less developed countries, and questioned the environmental 
winnings.91  
 

We get into a solution which may not be very good because the temperatures at 
which all components in the world today are being soldered have been increased 
by 30 degrees. Now you can imagine a 30 percent increase in the entire 
electronics supply chain. What does it cost in terms of energy? What does it cost 
in terms of fumes that are being produced?92

 
The same interviewee thought that RoHS means greater risks and dependence on suppliers. If 
a supplier fails to deliver RoHS compliant materials and it is not discovered until the finished 
product is on the market, the product has to be withdrawn – something that can lead to 
bankruptcy for a small business.   

Conclusions 
• A majority of the companies in the electronics industry in India are affected by the 

RoHS directive. 
 
• It is harder and more costly for large companies to be compliant. 

 
• Changing to RoHS compliant materials can lead to quality problems to begin with. 

The materials are also more expensive and the environmental winnings are disputed. 

                                                 
86 Interviews with SMEs and the micro sized company 
87 Interview with SME 
88 Interviews with SMEs and the micro sized company 
89 Interview with the micro sized company 
90 Interview with the micro sized company 
91 Interview with SME 
92 Interview with SME 
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• Many companies see RoHS as a barrier to export and the new rules mean greater risks 
for exporting companies. 

 

4.5 Opportunities and obstacles to work with eco-design  

Economic and technical aspects 
According to the interviewed micro sized company the economic situation for companies in 
India is different from the situation in Europe.93 On one hand it is much cheaper to employ 
staff; on the other hand the interest on loans is high. This results in that small companies have 
less automation and tools and compensate with more employees. Availability and cost of 
buying advanced technology is one of the most frequently listed obstacles that the SMEs and 
informants see in working with eco-design.94

 
Even though employment is cheap and skilled workers are available, hiring someone to work 
with environmental issues and eco-design would be a large expense for an SME.95 The 
informant at ELCINA said that one reason why only 20-30 percent of the small and medium 
sized electronics companies have some kind of environmental work is because of the costs 
that come with it. With a small production there are not so many units that can carry the 
expenses.  
 
Some of the interviewed SMEs saw possible profits in working with environmental issues, 
that they can be used in marketing for example.96 Others said that taking in environmental 
concerns in the product development can be negative both to economy and to quality, since 
there are not many environmentally friendly materials to choose from, and they are more 
expensive.  

Customer demands and exposure to the market 
A general conclusion from the interviews is that SMEs have very little influence on the design 
of their products.97 Usually they sell their components to larger companies that specify the 
properties of the product in advance. One of the companies had tried to change a material to 
one with less negative impact on the environment, but in the end the customer said no.  
 
Several interviewees mentioned that experience of export is an important factor that 
determines how well a company can adapt to new circumstances.98 The more experience a 
company has in complying with the legislation in different countries and with customer 
demands, the easier it gets to comply with new regulations and demands. Indian SMEs come 
from a protected environment where the domestic public sector was a large, and sometimes 
only, customer.99 Since the late 1980s SMEs have been encouraged to seek external 
customers. Thus the experience of the market varies in the industry with some companies 
competing on the global market and others with only domestic customers.  
 

                                                 
93 Interview with the micro sized company 
94 Interviews with SMEs and KSPCB  
95 Interview with ELCINA 
96 Interviews with SMEs 
97 Interviews with SMEs, ELCINA and the micro sized company 
98 Interviews with SMEs and the micro sized company 
99 Interview with the micro sized company 
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... I would say that we are not so exposed to the market. We don’t have easy access 
to information. [---] I found that the ones who wanted information always found it 
[…] and the ones who still lived in that earlier days of protected kind of 
environment still didn’t know how to go out and get it.100

 
But of course, when the exposure is there everybody improves.101  

 
When asked, the managers and informants answered that it is harder for SMEs in developing 
countries to export, than it is for SMEs in developed countries.102 This is because the regu-
lations are less strict in India so the Indian SMEs face a larger barrier to export than foreign 
companies that are already used to the stricter regulations. There are also non-tariff barriers 
that make it harder to export. One of the smaller companies said that foreign customers often 
have their own rules; they can for example require certain certificates and policies.  

Knowledge and information 
According to ELCINA top management has a large influence on whether environmental 
aspects are considered or not in product development.103 Today, environmental work in SMEs 
is usually externally motivated and, apart from the work with RoHS, it starts off with making 
resource use more effective.  
 
One of the managers in an SME emphasized that they do not know what eco-design is and 
how the impact from their products and production can be decreased.104 A general problem in 
working with eco-design seems to be that it is hard to find information about new techniques 
and solutions.   
 

I wouldn’t say that India is lacking behind in technology. We’re only lacking in the 
adoption of it. [---] We invariably enter into it a year later behind.105

 
When asked about the obstacles and prospects of eco-design in the electronics industry one 
manager summarised it as follows: 
 

If I look around the world there are a lot of academic institutions making very, very 
good work on how to save the environment through better design work and 
processes. A company like ours, the SMEs, are, let’s say, are awake to the fact. We 
know this is happening but we don’t have the technical tools to do them. It’s too 
expensive for us to do that on our own, like I explained earlier. There is a need for 
us to make a bridge between the two. […] If the two get together, I think that we 
can together really help save the environment at an exponential level.106   

                                                 
100 Interview with the micro sized company 
101 Interview with SME 
102 Interviews with SMEs 
103 Interview with ELCINA 
104 Interview with SME 
105 Interview with the micro sized company 
106 Interview with SME 
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Social aspects 
According both to ELCINA and Sida the environmental legislation in India is well developed 
but its implementation is not working due to ignorance and corruption.107 The informant at 
Karnataka State Pollution Control Board (KSPCB) did not share their opinion, but recognized 
that it is hard to control SMEs since they are spread all over the cities.108 They are not 
inspected yearly and it is hard to collect wastes. According to one of the SMEs the officers 
sometimes take bribes.109 The corruption is said to decrease, at least in major cities like New 
Delhi.110  
 
There is legislation on labelling of environmentally friendly products, the so called eco-mark 
scheme.111 There are no plans on introducing an Indian RoHS directive.  

Conclusions 
• Costs for required technology and competent staff prevent SMEs from working with 

eco-design. Difficulties in finding relevant information on new solutions are a 
contributing factor. 

 
• Companies see both costs and possible profits in working with environmental issues in 

product design. Top management has a large influence on whether environmental 
aspects are considered or not. 

 
• SMEs have little saying in the design of their products, the customers have the last 

saying. 
 

• The experience of export varies within the electronics industry, a factor that 
determines how well a company can adapt to new circumstances.  

 
• Indian enterprises usually meet stricter regulations in the receiving country than they 

are exposed to in India. The implementation of the environmental legislation in India 
is not working satisfactory, corruption being one reason.  

                                                 
107 Interview with ELCINA and Sida 
108 Interview with KSPCB 
109 Interview with the micro sized company 
110 Interview with ELCINA 
111 Interview with KSPCB 
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5 Discussion 
In the following sections I discuss how my results can influence the further development 
and use of eco-design tools in SMEs in the Indian electronics industry, and thereby 
facilitate the transition towards sustainable production. This is related to the earlier 
identified criteria for choosing eco-design methods and summarized in a set of guidelines. 
Finally, I discuss the potential for eco-design to be absorbed by the industry. 

5.1 Required and generated data 
The questionnaire could not show any favour of quantitative or qualitative design methods. 
One of the highest valued requirements on design methods was that they should help the 
product developer to meet the product specifications. This could be fulfilled with either a 
quantitative or a qualitative method depending on what the specifications are.   
 
Another important requirement was that methods have to fit with the other methods that are 
used by the company. The methods that were used by all the SMEs were FMEA, checklists 
and CAD programmes. FMEA helps detecting potential failures of a design early in the 
development process.112 An eco-design method that is designed to fit well with FMEA is 
EEA, a modified version of FMEA that assesses environmental issues with regard to input 
from stakeholders.113 The similarity between the methods also makes EEA an appropriate 
beginner’s method.   
 
There are many checklists for eco-design, for example the Checklist for Eco-design of 
Electronics.114 It has a set of headings, with suggested measures to reduce environmental 
impact, that relate to different stages in the product’s life cycle. One example is the heading 
“Optimize transports” and the measure “Plan the manufacturing so that train or boat can be 
used instead of aeroplane or car”.115 Both the checklist and EEA rely on qualitative input and 
thus they can easily be integrated early in the design process.   
 
The study showed that all companies work with both new and further development of 
products but that there is an emphasis on further development. The two types of product 
development have different requirements on input data and therefore also on design methods. 
In new development less is known about the product and the possibilities to make changes in 
the design are greater than in further development projects. Because of that the methods that 
require quantitative input are easier to use in further development. The emphasis on further 
development in the SMEs opens up for the use of quantitative methods, such as LCA. LCA is 
considered to be one of the most objective and reliable eco-design methods.116 Some of its 
major advantages are the possibilities to compare different design alternatives quantitatively 
and that the generated data can be used in external communication.117 It is also computer 
based, which facilitates the communication within the company. 
 
However, LCA is also the one of the least cost and time efficient eco-design methods and so 
far the studied SMEs are not using environmental arguments, besides RoHS, in marketing. 

                                                 
112 Lindahl, Jensen & Tingström 2000. 
113 Tingström & Karlsson 2006, p. 1414. 
114 Norrblom, Jönbrink & Dahlström 2000, p. 93. 
115 Norrblom, Jönbrink & Dahlström 2000, p. 94, my translation. 
116 Park, Lee, Wimmer 2006. Development of an environmental assessment method for consumer electronics by 
combining top-down and bottom-up approaches, p. 255. 
117 Tingström & Karlsson 2006, p. 1414. 
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The EEA chart can also be handled digitally so the internal communication benefit of LCA is 
not unique. The interest in environmental issues is expected to increase in the future and thus 
environmental marketing may be interesting for the SMEs in a long-term perspective.118 Until 
then a general conclusion is that they are probably better off using qualitative or semi-
quantitative methods such as EEA, the MET matrix and checklists. However, methods will 
still have to be chosen for each company and development project. A reminder of this is the 
fact that the only SME in the study that works with eco-design uses a combination of EEA 
and LCA to get the advantages of both. This strategy is also recommended in the eco-design 
literature.119   
 

5.2 Education 
Formal education about product development methods is unusual among the interviewed 
product developers, most designers are self-taught. This could have several reasons; expenses 
for education were mentioned in the questionnaire. Some product developers claimed that 
when methods do not give the desired output, it is usually because the designer lacks 
competence. The conclusion was made that these SMEs would benefit from methods that 
minimize the need of training.120  
 
This can be accomplished in several ways, for example by developing methods that resemble 
other methods that are already used in the company.121 The construction of EEA as a 
modified version of FMEA is one example of how eco-design methods can be developed with 
a traditional product development method as model. Additional training can also be avoided 
by giving the method a logic and user friendly interface, so that the product developer does 
not have to read the whole manual or know every function of the method before he starts 
using it.  
 
ELCINA pointed out that it is not common with environmental awareness in SMEs in the 
electronics industry, and that the knowledge is in general lower than in the three studied 
companies from the interview and questionnaire study. One thing that several of the 
interviewees said was that they did not agree on the notion that electronics are 
environmentally friendly products. This was not further investigated at the time and should 
not be seen as a fact, but it is a interesting that there seems to be a discussion in India on 
whether electronics harm the environment or not. To say that electronics do not have an 
impact on the environment is not consistent with a life cycle perspective, and therefore not 
with eco-design.122  
 
To understand the nature of a design method is essential for it to work and give the right 
results.123 The overall conclusion is that there is a need for more education both in basic 
environmental knowledge and life cycle thinking. This applies to the whole industry since 
even the companies studied here, that are some of the most environmentally aware SMEs in 
the Indian electronics industry, have gaps that need to be filled. Some managers seemed to 
enlarge the concept of eco-design, thus creating a mental barrier towards eco-design. This 
could be avoided with more education. 
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Training is just one of the two categories of learning mechanisms.124 The second is costless: 
learning by doing. My experience is that you learn a lot by working with eco-design; both 
about the product and about environmental issues. Still, in the Indian context, it would be an 
advantage with methods that do not require extensive environmental knowledge from the 
designer, at least not on an early stage. In a study by the Swedish Agency for Economic and 
Regional Growth (NUTEK) on eco-design methods for Swedish SMEs, one lesson learned 
was that the simpler the methods were to understand, the more environmental knowledge was 
required from the user.125 The environmental knowledge of the participants in the Swedish 
study was overestimated in the selection of methods, and so the otherwise very time and cost 
efficient checklists became too demanding.126  
 
In an earlier study a company used a database to store environmental knowledge and earlier 
experiences.127 Another creative solution is to use eco-design methods in which 
environmental knowledge and/or life cycle thinking is integrated. Examples of such methods 
are the various computer based tools for LCA that have been developed and that come with 
data bases with facts about materials, energy and transports.128 Although the LCA has this 
advantage it is often experienced as being complicated.129 My personal experience is that the 
user needs some kind of introduction or education of the LCA tool to be able to use it 
correctly and interpret the results. On top of this, the databases are only general so each user 
has to come up with company specific data.130  
 
The suggestion in the NUTEK report was to connect LCA tools with common CAD 
programmes that are used in the SMEs.131 This would combine the familiarity of well known 
product development methods and the integration of environmental knowledge.  
 

5.3 Organisational aspects 
The interview and questionnaire study showed that design methods are usually chosen by a 
cross functional team consisting of top management, the marketing division and the technical 
manager(s). The existence of multifunctional teams is an advantage, according to the eco-
design literature.132 This facilitates the communication, understanding and problem solving.  
 
In the studied companies, the product developer’s influence decreases further down in the 
company hierarchies, where the least experienced product developers follow predefined 
checklists. Hofstede has studied how culture influences organisations in more than 50 nations 
and saw that Indian organisations are generally more top managed than, for instance, Swedish 
enterprises.133 According to Hofstede’s study less powerful Indians accepts and expects that 

                                                 
124 Bell 1984, cited in Cohen 2004. Technology transfer: Strategic management in developing countries, p. 153. 
125 NUTEK 2002. Metodik för miljöanpassad produktutveckling i små och medelstora företag, p. 96. 
126 NUTEK 2002, p. 96 and Park, Lee & Wimmer 2006, p. 255. 
127 Tingström & Karlsson 2006, p. 1418. 
128 NUTEK 2002, p. 8. 
129 Park, Lee & Wimmer 2006, p. 255 and NUTEK 2002, p. 8. 
130 NUTEK 2002, p. 8. 
131 NUTEK 2002, p. 8. 
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the power is unequally distributed to a higher degree than Swedes in similar positions.134 In 
Indian companies the structure is more like a family, where the power is centralized to a 
patriarch who you as an employee should please.135 Although the organisational culture was 
not studied comprehensively for this thesis, Hofstede’s theory matches the results from the 
interviews as well as the spontaneous impressions of the SMEs.       
 
In the context of product development the relationship between managers and employees is 
important. Earlier studies have displayed that methods implemented by decree are less likely 
to be used, especially if the designers do not understand how and when they should use 
them.136 Therefore, a conclusion is that Indian companies might have to work extra on 
motivating their designers. This would be interesting to study further, in relation to 
communication and education.  
 
Top management has a large influence on the environmental work and awareness in a 
company. Support from top management is indispensable since this is where resources are 
distributed from.137 Educating and engaging managers in environmental issues and eco-design 
are therefore natural first steps in introducing eco-design in India.  
 

5.4 Economic aspects 
Time and economy are limiting factors in product development that strongly influence the 
utilization of design methods.138 As was seen in the interview and questionnaire study, the 
small and micro sized companies use fewer methods and explain that with economic terms. 
Availability and expenses for methods, advanced materials, technology and competent 
product developers were the main obstacles seen in working with eco-design by the 
companies in the interview and questionnaire study. According to a study on investments in 
clean production technologies in India by the United Nations Environment Programme 
(UNEP), the possibilities for SMEs to finance such projects are very limited if the funds are 
not available internally.139 Important funding channels such as loans from development banks 
and pollution prevention programmes have high rates of interest and are not available for 
SMEs.140 On top of this Indian SMEs are not generally experienced in writing applications 
taking into account environmental costs and benefits.  
 
Therefore, methods need to be cost efficient, so that they directly or indirectly return the 
investment cost. Thus the use of eco-design methods is dependent on the potential cost 
savings or extra income they bring. According to Lindahl eco-design is often treated as an 
expense, as it is being associated with costly end-of-pipe solutions to environmental 
problems.141 However, if eco-design is integrated and treated similarly to other aspects in 
product development, there is no relationship between eco-design and costs that raise the 
market price of the product or lower the profit.142 In fact, eco-design can bring long-term 
winnings through lowering manufacturing costs, increasing customer satisfaction and 

                                                 
134 Hofstede & Hofstede 2005. Organisationer och kulturer, p. 391 and Hofstede 2001, p. 87. 
135 Hofstede & Hofstede 2005, p. 261. 
136 Ritzén 2000, Araujo 2001 and Ernzer et al. 2002 cited in Lindahl 2005, p. 16. 
137 González & Palacios 2002, p. 267.  
138 Lindahl 2005, p. 50. 
139 UNEP Division of Technology Industry and Economics 2000a, p. 31. 
140 UNEP Division of Technology Industry and Economics 2000a, p. 34. 
141 Lindahl 2005, p. 50. 
142 Lindahl 2005, p. 50. 

 25



lightening regulatory pressure.143 Most of the companies in the interview and questionnaire 
study did not work with eco-design other than RoHS related, and it was running as a separate 
project. This could explain why the RoHS directive was initially seen as a burden. It is 
interesting that the three SMEs, and also the micro sized company, actually strengthened their 
position on the market after RoHS. Today, the interviewees still see costs in working with 
eco-design; however, they also see possible profits such as the economic advantages of 
marketing their company as an eco-friendly producer.  
 
For the further development and use of eco-design methods, there are several measures that 
could be taken in an economic perspective. The most obvious is to keep the price of 
purchasing the method to a minimum, but this way of acting is very limited.  
 
A more creative solution is to develop methods that promote a way of working that is positive 
for the overall product development and that makes environmental aspects easier to integrate. 
One way to do this is with multifunctional teams, as was discussed earlier in the organ-
isational context. Some methods that encourage multi functional approaches are for instance 
the MET matrix, EEA and the Eco Strategy Wheel, which can be used to support a 
brainstorming activity.144 These methods also have the advantage of being qualitative or 
semi-quantitative, which means that they can be used already at an early stage of product 
design. This is an advantage from an economic point of view since it is more costly to make 
changes in a later phase.145  
 
It is also a good strategy to keep environmental information and demands in the same format 
as other design information since this will facilitate internal communication.146  
 

5.5 Guidelines for the further development and use of eco-design 
methods 

• In a short-term perspective qualitative or semi-quantitative methods, such as EEA and 
the MET matrix, are probably the best choices for the electronics industry. When eco-
design becomes more used in external communication quantitative methods will be 
more interesting. The situation of each company must be taken into account, though.   

 
• To save expenses for training in how to use the methods, eco-design methods should 

preferably resemble or be connectable with other design methods that are used in the 
industry.  

 
• Product developers need more education about environmental issues and life cycle 

thinking to be able to work successfully with eco-design. By integrating environ-
mental knowledge in eco-design methods, for example in a data base, they can reduce 
the need for environmental education. 

 
• Without the managers’ support it will be hard to introduce eco-design in India. These 

key people need to be motivated and educated as a first step. Due to the hierarchic 
organisational culture they then have an important role in motivating the designers. 

                                                 
143 Ehrenfeld & Lenox 1997, p. 17. 
144 Norrblom, Jönbrink & Dahlström 2000, p. 72, 87 and Lindahl & Tingström 2000, p. 22. 
145 Lindahl & Tingström 2000, p. 15. 
146 Tingström & Karlsson 2006, p. 1410. 

 26



 
• Eco-design methods need to be cost efficient and return the investment cost directly or 

indirectly. This can be done by designing the methods so that they encourage users to 
work in multi functional teams and to integrate environmental concerns at an early 
stage of product design. 

 

5.6 The prospects of eco-design in India 
Availability of methods suited for eco-design in the Indian electronics industry is one factor 
that will determine the absorption of eco-design in the industry. However, there are other 
aspects to take into account as well. According to Cohen the level of techno-economic 
development in a country determines the ability to absorb new knowledge and 
technologies.147 Some important factors are financial and technological resources, gross 
national product and possession of hard currency, political conditions and bureaucracy and 
research and education. For the industry to be able to work with eco-design they need to 
accept the technology mentally, be motivated to make it work and have the skills to be able to 
adapt it to new circumstances in the future.148   
 
Since the shift in the 1990’s the Indian economy has grown rapidly, research and development 
(R&D) and the number of patentable innovations has risen.149 The turnover of the electronics 
industry is estimated to multiply in the next few years.150 However, as was touched upon 
earlier, the possibilities for SMEs to get external financial aid for eco-design projects is very 
limited.151 This study shows that the environmental institutions and legislations in India are in 
place but that the implementation and follow-up is problematic. Rumours of corruption give 
the impression that the current situation is ineffective. This lack of sound public 
environmental regulations and financial resources makes eco-design less attractive from a 
corporate perspective.152  
  
Several of the interviewees, and especially those at the smallest companies, expressed that it 
is sometimes hard to find information about external demands on products and on new 
technical solutions. Finding information is a key factor for a successful business; it has even 
been suggested that access to information is more important than capital for company growth 
in developing countries.153 Some interviewees made an interesting connection of the trouble 
of finding information about the market and the SMEs’ relatively short experience of 
competing on the international market. Due to the fairly recent liberalisation of the Indian 
economy not all SMEs in the electronics industry are fully accustomed to competing on the 
market, and even less to exporting. This in combination with low knowledge about 
environmental issues makes eco-design difficult to seize. When the technological debate is 
complex it is harder for people to understand what the essentials are and what solution that is 
most appropriate for them.154 This also makes it less likely that we will see environmental 
concerns integrated in product development in India in the short run.  
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However, there is also the relationship between suppliers and buyers to take into account. A 
strong conclusion is that the SMEs’ customers in many cases dictate product specifications 
that do not leave much space for environmental aspects to be integrated in the design. 
Therefore, the customer’s values are indispensable. This corresponds to one of the 
conclusions by Lindahl: without pressure from customers companies designers are less likely 
to start or increase their work with eco-design.155 Sustainable production and consumption are 
topical issues internationally and the pressure from consumers and other stakeholders is likely 
to increase.156 The increasingly stringent environmental legislation and consumer 
requirements have started a chain reaction where the multinational companies extend the 
demands to their suppliers in developing countries.157  

 
The necessary organisation and competences for eco-design in a company takes time to build 
so it is an advantage to start early. As one of the informants said in the interviews, decisions 
that come from within are easier to realize. Why wait until eco-design is a formal request? 
The Indian electronics industry in the aftermath of the RoHS directive has a good base for 
continuing working with environmental aspects in product development. A majority of the 
companies were affected by RoHS and due to it the studied companies had educated their 
employees in environmental questions and eco-design. This recent upgrading in environ-
mental knowledge should be taken care of to boost the “indigenous skills” that Cohen refers 
to as a prerequisite for successful technology transfer.158  
 
One can say that the necessary skills are slowly building up, as is the external motivation for 
eco-design. Hopefully the technology will gain acceptance in the electronics industry with 
time. As a last point I would like to say something about the distress that the introduction of 
the RoHS directive brought to some of the Indian SMEs. The interviewed companies had 
experienced increasing expenses and that product quality was affected due to the alterations in 
design, but they agreed that being RoHS compliant was worth the effort. However, as some of 
the informants said, not all SMEs in the industry were this fortunate and some even had to 
close down. Critical voices were also raised against how policy makers and large companies 
in the west dictate the conditions for enterprises in less developed countries. My hope is that 
eco-design will build more bridges than barriers in the future, so we can save the environment 
together “at an exponential level”.159

 

5.7 Future research 
This study is the first of its kind, a pilot study that covers many aspects that can influence the 
use and further development of eco-design methods for the SMEs in the Indian electronics 
industry. The next step is to look more deeply into each aspect and specify the SMEs’ 
requirements further. I think that it would be an interesting approach to start up some projects 
in the industry where the findings from this study are applied and developed.    
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Appendices  

1: Interview guide for designers (D) and managers (M)  

Interviewee Question 
D What is your main assignment? 
D + M How long have you been working here? 
D + M What other positions have you had at the company? 
D What knowledge does a person need to do the work that you do? 
D What is your highest level of education? 
M Is there a documented product development model, that is, how the design work, 

marketing and manufacturing is done at this company?  
M Follow up question: Describe it to me. 
M How long time, and how many working hours, does a normal product development 

project require?  
M Do you work most with new development or further development? 
D + M I’m interested in what happens before a product is manufactured. What tools do you use 

for design of your products? (i.e. FMEA, brainstorming, checklists, DFM, LCA).  
D + M Follow up question: Why? 
D + M Follow up question: What are the advantages? 
D + M Who decides which methods and tools that should be used for product development at 

this company? 
D + M Follow up question: What do you look for when you choose a product development 

method, what requirements are most important? 
D How much training have you had about design methods/tools (courses, seminars etc.)? 
D + M Do you have positive or negative experience of specific methods and tools for product 

development? How come? 
D + M  What does the word “environment” mean to you? 
D + M In which way do you think that your products influence the environment? What part of 

their life cycles?  
D + M How do you think that you can minimize your product’s negative influence on the 

environment?  
D + M Follow up question: Are you currently working on this? 
D + M Follow up question: How does the product development process support this attempt? 
M How are environmental aspects used in product development – internally or externally? 
D + M Do you have time to reflect on your work?  
D + M Follow up question: What do you reflect on? 
D + M Follow up question: Do you reflect on environmental issues related to your work? 
D + M Follow up question: What kind of environmental issues? 
D + M How much training (courses, seminars etc) have you had about environmental issues (at 

work or/and school)? 
D + M Follow up question: What did you learn? 
D + M Follow up question: Has this knowledge been useful to you in your work? 
M Do you think that it is important to increase the environmental awareness in the 

company? 
M Follow up question: Why? 
M Follow up question: How do you increase the environmental awareness within the 

company?  
M What are the conditions for Indian SMEs in the international trade?  
M Do you think that the conditions are different for SMEs in more developed countries? 
D + M What is your attitude towards working with environmental issues related to product 

development compared to quality and economic aspects?  
M Can you describe the process you have gone through to make your products RoHS 

compliant? 
M How do you understand the relationship between RoHS and eco-design? 
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2: Interview themes for informants 

ELCINA 
 How do electronics SMEs work with environmental issues today? 
 What are the main obstacles and opportunities for SMEs in India to work with eco-design? How does 

the situation differ from more developed countries?  
 What are the main driving forces behind the SMEs work with environmental issues? 
 How has the RoHS directive influenced the Indian SMEs in the electronics industry?  

 

Micro sized electronic company 
 What are the most important requirements on design methods? 
 Opportunities and difficulties for SMEs in the international trade 
 Environmental awareness 
 How have the smallest electronics companies been affected by the RoHS directive? 

 

Sida 
 Environmental problems in India from a Swedish perspective 
 Indian environmental legislation from a Swedish perspective 

 

The Swedish Trade Council 
 Environmental awareness in Indian enterprises 

 

KSPCB 
 Environmental legislation in India and its implementation 
 Regional and national administration of environmental issues  
 The RoHS directive from a government perspective 
 Opportunities and difficulties for SMEs to work with environmental issues 
 Environmental problems and India in the future 

 33



3: Questionnaire 

Question Alternatives 
What is your main assignment?  
 

Designer 
Design manager 
Support to the product development 
Method and tool developer 
Other, what? 
 

For how long have you been working here? 
 

 

For how long have you worked with product dev.? 
 

 

Are you currently participating in a product 
development project? 
 

Yes/No 

If yes, how many projects?  
 

 

How large series (how many pieces) are generally 
produced from the products that you work with? 

<1.000,  
1.001-5.000,  
5.001-10.000,  
10.001-50.000,  
50.001-500.000,  
>500.001 
 

Do you mainly… Develop new products,  
Further develop old products,  
Both equally. 
 

What methods and tools do you use for product 
development? Please mark all the methods and tools 
that you use for product development. If you don’t use 
any methods or tools you don’t mark any. The list 
below should only be seen as examples of available 
methods and tools. If you use other methods and tools 
than those on the list, please write them in the text 
field below. 

Brainstorming, Catia 
Design for Assembly 
Design for Disassembly 
EEA (Environmental Effect Analysis) 
E-FMEA (Environmental FMEA) 
FMEA (Failure Mode Effect Analysis) 
FEM (Finite Element Method) 
Ishikawa diagram 
Kesselring 
Concept Scoring 
Concept Screening 
LCA (Life Cycle Assessment) 
LCC (Life Cycle Costing) 
Pro Engineer 
QfD (Quality Function Deployment) 
Other, what? 
 

Who decides which product development methods 
and/or tools that are being used at your company? 
(multiple answers allowed) 

I as an individual designer,  
I and my closest colleagues,  
My manager,  
My manager and I,  
The support department,  
The company management,  
Customers,  
Other, what? 
 

Have you had the opportunity to influence which 
product development methods that you are using? 

Yes/No 

Do you have any personal requirements on the Yes/No 
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methods and/or tools that you use? 
 
If yes, give some examples of your own requirements. 
 

 

Do you feel a need of more methods and tools? 
 

Yes, a large/Yes/No 

What stops you from using more methods and tools? Lack of time,  
Expenses for purchasing,  
Education expenses,  
Demands from customers,  
Lack of personal motivation,  
Nothing,  
 

What makes a method or tool frequently used? What 
requirements are important to you? Value the 
following requirements on a scale 1-7 where 1 means 
NOT IMPORTANT and 7 means VERY 
IMPORTANT. You should value ALL rows. 
 
 
(The numbers 1-5 shows which efficiency 
improvement objective that each requirement is 
grouped according to in the analysis.) 

Helps me to fulfil specified requirements of the 
prospective product (3). 
The customer demands its use (0). 
Is used by competitors (0). 
Facilitates introduction of new employees (4). 
Facilitates the management of a product development 
project (4). 
Reduces the risk that important moments are forgotten 
(3). 
Reduces the number of working hours needed to solve 
a task (1). 
Reduces the total calendar time (from start to end) to 
solve a task (1). 
Reduces the cost for a product development project (4). 
Reduces the number of people needed to accomplish a 
product development project (4). 
Facilitates cooperation between different colleagues 
(0). 
Allows some of its parts to be skipped during the 
process, still providing useful answers (1). 
Is intuitive (1). 
Must be capable of being used in the earlier phases of 
the product development process (1). 
Provides quantitative answers (0). 
Provides an exact answer/direction for further work 
(1). 
Gives guidance/direction for further work (1). 
Facilitates internal communication of data and results 
within a product development project (4). 
Facilitates external communication of data and results 
outside the product development project (4). 
Generates an easily interpreted answer (1). 
Generates results that are spontaneously experienced as 
reliable (1). 
Is transparent, i.e. an outsider can understand how the 
result has emerged (4). 
Is not experienced as unnecessarily complicated (1). 
Is based on well-documented scientific grounds (0). 
Its limitations and shortcomings are easy to see and 
understand (1). 
Facilitates data collection in a product development 
project (1). 
Facilitates the evaluation of data in a product 
development project (1). 
Can be integrated with other methods/tools (4). 
Can be transformed into a computer program (0). 
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