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Abstract 
Interest in environmental issues has increased enormously over the last few 
decades and environmental problems are perceived to be on the increase. 
Due to the fact that the number of products on the market increases 
enormously, it is evident that we face a great challenge to overcome the 
problem concerning our consumer society. An increasing barrage of 
legislation accompanied by the public’s awareness of, and concern for, the 
environment forcing the industry to respond. Products and their 
environmental impact have moved to the centre stage and it is widely 
believed that designers have a key role in adapting products to a sustainable 
society. Three key issues are identified in this development scenario: (a) the 
importance of adapting products to a more sustainable society, (b) the 
specific situation facing the designer, especially in early design phases, and (c) 
balancing environmental impacts with functional preferences.   
 
Research in this thesis presents a theoretical framework for describing 
environmental issues and the role of the designer in product development, as 
well as functional characteristics of products in the early phases of design. 
Based on an engineering-design science foundation, theoretical models and 
concepts have been developed describing how both functional and 
environmental preferences can be visualised in design for environment and 
product development. Case studies and interviews have been performed and 
integrated into a coherent theoretical model for identifying and evaluating 
functional and environmental preferences within eco-design approach and 
reasoning.  
 
The overall concept proposed in this thesis is called the eco functional 
matrix, based on two parts: functional profile and environmental profile. The 
functional profile represent the functional characteristics and environmental 
profile the environmental characteristics respectively of a product in the early 
phases of design. One of the objectives behind the concept is to highlight 
the importance of balancing functional requirements and environmental 
impacts, presenting both the advantages and disadvantages of the product. 
The basic idea is to account for user and societal preferences as well as 
environmental impact when assessing alternative product concepts at early 
design stages. Balancing both the functional requirements and the negative 
environmental impacts of products is the road to sustainable development. 
 
Keywords: design for environment, life-cycle design, eco-design, eco-design 
methods, product environmental characteristics, product functional 
characteristics, customer benefit, value analysis, functional profile, 
environmental profile, eco functional matrix, product properties. 
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I RESEARCH CONTEXT & SCIENTIFIC APPROACH  
 
1  INTRODUCTION 
This chapter presents the research setting, the focus and the objectives of the 
thesis. Achieving sustainable development and current shortcomings 
encountered with design for environment (DFE) techniques are two themes 
from the research area introduced and discussed here. The focus of the 
thesis, the research approaches adopted and their limitations are also 
presented.  
 
1.1 STRUCTURE OF THE THESIS 
The body of the thesis consists of fourteen chapters organised into six parts.  
A roman numeral denotes each part in the text. The following is a 
breakdown of the various parts into respective chapters and themes.  
 
I  Research context and scientific approach 
Chapter 1 Describes background to the research project and the need for 

the development of new methods. Addresses the theoretical 
background of environmental problems and society’s concerns. 
The scope and the research issues are also presented here.  

Chapter 2   Presents approach, research method and limitations. 
 
II The theoretical foundation 
Chapter 3 Presents basic product-development and design theory.  

Environmental issues facing the process are described, and the 
research is put into its proper context. The role of the designer, 
and functional requirements are discussed in particular. 
Communication within the product development process is 
also discussed. 

Chapter 4 Discusses characteristics of different design-for-environment 
methods, and the concept of product concept descriptors and 
life-cycle assessment in particular. A review of the literature on 
functional preferences within design for environment for 
various products provides a background to the problems 
addressed in the thesis. Different environmental classification 
systems are also included in this chapter.  

Chapter 5 Discusses product requirements, customer benefits and their 
driving forces. This chapter also presents a need-goal-function 
model used in this thesis. Furthermore, it includes various 
methods for characterising functional requirements and 
customer needs, such as value analysis, quality-function 
deployment, Kano analysis and cost-benefit analysis. 
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III Results 
This part deals primarily with the contribution that this thesis makes to 
design science. 
 
Chapter 6 Introduces the overall orientation of the results, a new concept 

for balancing product functional benefits and environmental 
impacts.  

Chapter 7  Forms the basis for a part of the new concept, representing 
functional preferences in Eco-design, which also is presented in 
detail. The applicability of the concept is also discussed. 

Chapter 8 Presents the second part of the results, environmental 
characterisation of products.  Environmental characterisation 
framework and application is also included in this chapter. 

Chapter 9 Presents the framework for balancing functional and 
environmental characteristics.  

Chapter 10 Discusses the new concept in different phases of product 
design. 

Chapter 11 Presents the results from the empirical studies; (three case 
studies) the first study presents development and testing of the 
functional characterisation concept and the other two illustrate 
development and applicability of the concept for balancing 
functional and environmental characteristics.  

Chapter12   Discusses some considerations for the new concept. 
 
 
IV Conclusions and discussion 
Chapter 13 Summarises the results and reviews the most important 

contributions and conclusions. 
Chapter 14  Presents topics for future research in the area. 
 
V  References 
 
VI Appendix 
Appendix 1  A glossary of definitions and terms used in the thesis is 

presented.  
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1.2  BACKGROUND  
The interest for environmental questions has increased enormously during 
the last decade and environmental protection has become an issue of 
strategic importance within the manufacturing industry with a steadily 
increasing focus on the negative environmental impacts of products. At the 
same time, the number of products available on the market has increased 
enormously. Customers are becoming increasingly aware of their power in 
the marketplace and are increasingly exercising product choice, taking into 
account such factors as product functionality, usability, appearance, 
environmental impact and cost.  Of crucial importance are how well the new 
product meet market requirements. Balancing the various product 
requirements such as environmental considerations, functionality and price 
maximises the benefits and moves us closer to being a sustainable society, 
since an environmentally improved product that does not attract a buyer also 
has a negative environmental impact. This approach creates particular 
challenges for incorporating environmental issues that combine functional 
and environmental assessment.  
 
Additionally, early product development phases are considered to have the 
most influence on major changes of products in general. Thus the changing 
of products and product systems towards a sustainable development has its 
highest potential in early design phases. Furthermore, product development 
is becoming increasingly complex within industry.  Taking into consideration 
the environmental impact of a new product is one more task to be added and 
integrated into the long list of things already under consideration. With the 
constant introduction of new methods and tools within this area, there is a 
growing need for more people with highly specialised skills.   
 
Due to the complexity of the situation, there is a real need for efficient and 
easy-to-understand environmental methods applicable to product 
development and design. Rather than having a moral imperative to 
manufacture, companies are practically and reasonably motivated by financial 
returns, though this is no excuse for pursuing environmentally-dubious 
production. Adapting products to achieve a sustainable society, together with 
customer preferences and the complex situation facing designers constitutes 
the basis of this thesis. Moreover, this work develops a methodical approach 
for assisting designers in their endeavours to improve the environmental 
aspects of new products, while taking into account other functional 
requirements at the same time.  
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1.3 ENVIRONMENTAL AWARENESS IN SOCIETY  
With the beginning of the industrial revolution in the 18th century, the 
approach of the society to the production and consumption of goods 
underwent a significant change. Society was suddenly capable of 
manufacturing much more than ever before and mass production with its 
central theme of utilisation and consumption was born. In the beginning of 
the 20th century consumption was only a positive word; increased production 
resulted in more work, increased salaries, increased standard and a better life. 
Increased consumption enabled all this.  
 
Today we need a new computer because the old one is too slow, and a new 
CD-player because the old one is broken, then we would like a new mobile 
phone because the old one is too big etc. and we now face a situation where 
our modern society consumes massive amounts of resources. The 
production and consumption of goods has led to an environmental crisis, 
and the dangers of it are now becoming obvious.  
 
1.4  ENVIRONMENTAL PROBLEMS – HISTORICAL PERSPECTIVE 
Even though environmental issues have gained greater public interest during 
the last 30 years, they are far from new. During the middle of the 18th 
century Linneus noted that sulphur from Falu Grufva (a mine in Sweden) 
effected the vegetation close to the mine; and at the beginning of the 20th 
century pollution was an issue in London, with the London smogs (Jernelöv, 
1990).  
 
The real breakthrough for environmentalism though wasn’t until the early 
1970s when environmental issues began to enter mainstream public 
awareness. Seeds had been sown by Rachel Carson in 1962, with her book 
“Silent spring”, pointing out the impact of environmental disasters to the 
world (Carson, 1962). Highly committed believers were prepared to put their 
reputation on the line with the authorities at the time, and led the movement 
during this era. This period saw the emergence of, and an increase in the 
number of people becoming actively engaged in organisations such as 
Greenpeace and Friends of the Earth. These people were often portrayed as 
over-emotional fanatics, not to be taken seriously by the mainstream society. 
 
By the 1980s politicians were beginning to act. Though little at first, the 
environment became an increasingly important part of the political agenda 
worldwide. The orientation of environmental problems has changed from 
being local and locally observable initially (for example “grain-eating birds 
are dying- why?”), toward more global and predictive issues (“as a result of 
greenhouse-gas emissions - what climate changes are likely to occur in the 
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future?”) (Jernelöv, 1990).  Some international conventions emerging from 
political actions during the last decades are for example London-convention 
(convention on the prevention of marine pollution by dumping of wastes 
and other matter), Basel-convention (convention on the control of trans-
boundary movements of hazardous wastes), Wien-convention (convention 
for the protection of the ozone layer). (Miljöskyddshandbok, 1999). A resent 
regulation in the Nordic countries is the so called, “extended producer’s 
responsibility” (EPR) which means that the manufacturer is given an 
enhanced responsibility for the product even during use phase and after its 
service life. In Sweden the producer’s responsibility is today valid for 
packages, tyres, journal papers, cars and electric and electronic goods. 
(Kretsloppsdelegationen, 1997). 
 
At the end of the 1980s environment reached a broader public interest; 
recycling of household wastes became popular and consumers started to 
show their opinion by choosing eco-labelled products e.g. EU-flower, 
Nordic Swan and Blue Angel. Most eco-labels though are primarily related to 
human health and not to environmental protection itself. This can also, to 
some extent, be seen as a shift from legislation as a primary environmental 
driving force to market demands, which has been realized by many industries 
that now see environmentally adapted products as a business opportunity. 
New business concepts, such as sales of services instead of physical products 
are also being considered as means to increase product utilisation and 
contribute to dematerialisation.   
 
International co-operation in the environmental field, 1992 saw a gathering 
of governments from around the world for the UN Conference on 
Environment and Development (UNCED) in Rio de Janeiro. The 
conference strongly influenced the environmental debate from hereon. 
Several global conventions and agreements were established and four main 
documents were reported: 
 

• Agenda 21 
• The Forest Principle 
• The Framework Convention on Climate Change 
• The Convention on Bio-diversity 

 
In alignment with the Rio-conference 1992 the ISO 14000-series were 
introduced on an industrial initiative. Today thousands of people around the 
world are engaged in several working groups to establish the different parts 
of the system. Especially the Environmental management system (ISO-
14001) has played an important role in an international dimension. EMAS 
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(Eco-Management and Audit Scheme) is a complementary European version 
based on European regulations. The main purpose of these two systems is to 
make it easier for companies to systematically include environmental 
considerations in the management of the company. Environmental issues 
now have a growing presence on the business agenda due to the recognition 
of associated benefits, such as preparation for impending legislation and 
significant cost savings as a result of rethinking business approaches. It also 
enables companies to project a responsible corporate image. 
 
World business council for sustainable development has listed ten global 
threats to ecosystem viability (WBCSD, 1997): 
 

1. Loss of crop and grazing land due to erosion, desertification, 
conversion of land to non-farm uses, and other factors. 

2. Depletion of the world’s tropical forest, leading to loss of 
resources, soil erosion, flooding, and loss of biodiversity. 

3. Extinction of species, principally from global loss of habitat and the 
associated loss of genetic diversity. 

4. Rapid population growth. 
5. Shortages of fresh water resources. 
6. Overfishing, habitat destruction, and pollution in the marine 

environment. 
7. Threats to human health from mismanagement of pesticides and 

hazardous substances and from waterborne pathogens. 
8. Climate change probably related to increasing concentrations of 

greenhouse gases in the atmosphere. 
9. Acid rain and more generally the effects of a complex mix of air 

pollutants on fisheries and crops. 
10. Pressure on energy resources, including shortages of fuel wood. 

 
The emergence of scientific consensus about the significant influence of the 
human being on the climate change, has led to global concern about CO2-
emissions. In consequence Gardener argues that one of the most important 
issues on the agenda for the environmental conference in Johannesburg 2002 
is the global warming and climate change. (Gardener, 2002). In contrast, 
some researchers argue that the state of the environment isn’t all that bad 
and global warming and climate change cannot be proved. For example 
Spencer claims that even though there is a change in climate, there is no 
evidence for influences from CO2-emissions (Spencer, 2000).  
 
Overall environmental impacts have been identified and linked to product-
related issues such as product usage and disposal and not only to production 
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itself. During the 1990s, the products themselves became the centre of the 
debate, and environmental protection has become a strategic question in 
industry (Ryding, 1998). This has opened up a great number of issues 
concerning how to design and manufacture products having a minimal 
impact on the environment, which can collectively be referred to as design-
for-environment (DFE) or eco-design. Hence, environmental concerns are 
now firmly on the agenda for engineers and designers. Eco-design is a 
relatively new area though and is still under development.  
 
The interest in environmental issues has increased enormously over the 
years, and the problems have become more complex and difficult to grasp in 
their entirety. It is therefore becoming increasingly important to gain a 
holistic view of environmental problems.   
 
1.5  SUSTAINABLE DEVELOPMENT  
With increasing scientific evidence for problems such as global warming, 
ozone depletion and acid rain, 1983 UN founded the World Commission on 
Environment and Development to investigate the environmental situation in 
the world until year 2000 and beyond. The commission reported a global 
manifesto in 1987, now commonly referred to as the Bruntland Report. In 
this manifesto (actually entitled “Our common future”) the concept of a 
sustainable development was introduced and promoted as a common aim for the 
whole world (Bruntland, 1988). The definition of sustainable development states:  
 
“A sustainable development can be defined as a development that satisfies the needs of 
today without compromising the ability of future generations to meet their needs” 
(Bruntland, 1988). 
 
It was the Rio-conference though that globally anchored the sustainable 
development concept.  
 
Though sustainability is widely accepted as a general goal, the concept is 
ambiguous and elusive. There are difficulties finding the balance between the 
needs for making environmental improvements on the one hand and 
economical reality plus satisfying the demands of our consumer society on 
the other.  In order to understand and manage the sustainability concept, an 
approach illustrating the meaning of sustainable development has been 
formulated that integrates the importance of progressive environmental 
efforts with societal responsibility for economic welfare and social 
development. This approach can be illustrated by Figure 1.1, (Ryding, 1998).  
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Figure 1.1 Three fundamental principles connected to sustainable development (Ryding, 
1998) 
 
 
Environmental protection represents efforts made to satisfy holistic 
judgements, based on a life-cycle perspective often connected to product 
development and use. Focusing on aspects such as resource consumption, 
biological diversity, human health and other technical aspects is 
commonplace in environmental protection. 
 
Economic stability represents efforts to secure and improve the economic 
conditions of various interests by considering and adopting courses of action 
that utilise and facilitate different forms of work and resource effectiveness. 
 
Societal responsibility represents efforts made to identify and develop 
social functions that can guarantee and support a worthwhile and meaningful 
life for all people. 
 
However, sustainable development requires major changes of already 
established systems. This situation can be illustrated by Fig 1.2, a four-step 
model towards sustainable development, (Charter and Chick, 1997).  
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Fig. 1.2 The “four step” model (Charter and Chick, 1997) 
 
During the 60-ies and 70-ies the solution to product related environmental 
problems dealt with “end-of-pipe” and “repair” solutions. In the 80-ies and 
90-ies companies tried to increase eco-efficiency by re-fining and re-
designing already existing products and product systems. The effort was 
good, but unfortunately this environmental gain was minimal due to the 
enormously increase in global product consumption. During the early 90s 
the size of many electric and electronic products in Nordic countries were 
minimised, but the total amount of cadmium through these type of products 
still increased during the same period in theses countries, 
(Kretsloppsdelegationen, 1997). Sales statistics show that the sale of IT-
products increased from 12.102 tons to 42.210 tons from 1992 to 1999 only 
in Sweden. Today the concern of companies for environmental issues is very 
diverse, however most companies are still in the “re-pair” phase. In effort to 
gain greater environmental benefits and move towards a sustainable society it 
is often argued that companies and other stakeholders have to “re-think” 
products and product systems. Additionally, consumers will have to re-
evaluate the way they consume and consume less and differently. This will 
require significant leaps in thinking; a paradigm shift.  
 
Though the increase in efficiency that comes from new technology gives us 
hope that we can solve the problem, there is no reason for complacence. 
History tells us that propagation of technology is a time consuming process. 
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It might take more than half a century to incorporate some technological 
changes into basic systems such as agriculture, energy and transport. 
(WBCSD, 1997) On the other hand, the problem may depend more on our 
ability and willingness to change our minds rather than on the technology 
itself. 
 
Understanding complex eco-systems is not easy and adding social and 
economic parameters to this make the situation even more fuzzy. It is 
difficult to conceptualise what sustainable development actually means and it 
is easy to sympathise with a designer perplexed by the definitions. Despite 
the confusion and difficulty encountered attempting to measure the future 
environmental effects of today’s products, it doesn’t justify disregarding the 
environment today. Society in general and industry in particular face a major 
challenge to achieve the goals discussed above. 
 
1.6  FOCUS  
The focus of this thesis is twofold - while focusing on the role of designers 
in eco-design, the work also focuses on building a communication platform 
to assist product planners, and designers especially in the area of describing 
functional and environmental aspects in the early phases of design.  
 
The work has been aimed at providing a descriptive account and 
characterisation of functional and environmental requirements, weaving 
environmental and engineering-design issues into product development. This 
thesis adopts a generic perspective towards product design. Engineering 
design and environmental issues are also merged into the one coherent unit. 
 
1.7  OBJECTIVES  
The overall objective of this research is to gain a further understanding of 
how various product functions can be represented in DFE, and how they are 
related to environmental impact within a DFE framework. Rather than 
attempting to provide a deeper understanding of the product-development 
process itself, this study explores how environmental requirements in 
particular can be interwoven into the existing product-development process 
alongside all the other requirements.   
 
Assisting designers to communicate how different product functions relate 
to different environmental impacts within the product-development process 
constitutes a secondary objective. The approach attempts to enhance the 
communication platform between environmental and design professionals. 
This facilitates comparisons between different concepts in product 
innovation phases of product development.  
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1.8   PRIMARY ISSUES 
There are four primary issues addressed by the study. These are represented 
by the following four questions. 
 

• How are functional and environmental characteristics of products 
represented in the very early phases of product development and 
design for environment? 

 
• How are functional and environmental requirements of products 

related in design-for-environment? 
 

• How can functional and environmental characteristics assist system 
designers to improve products environmentally? 

 
• How is DFE information communicated within product development 

projects?  
 
A full-scale treatment of all facets of the primary issues is simply beyond the 
scope of this thesis and will require further research. The thesis should 
instead be regarded as an attempt to unravel and illuminate major aspects of 
these primary issues. 
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2  CONCEPTS AND METHODS 
The goal of scientific research is the enhancement of human knowledge. 
Scientific research is thus a constant and unending search for knowledge and 
understanding, (Wilkingson, 1991). There are numerous research methods 
that can be used to investigate a research issue. A research method is a 
statement of the way in which the researcher intends to collect and analyse 
data necessary to present answers to the essential research issues. Formal 
presentation of the research method describes the type of data, the way in 
which they are collected, and the amount of data to be collected. According 
to Robson (1993), it is neither obligatory, nor is it necessarily good practice 
for the researcher to use one research method only in isolation. 
 
2.1 RESEARCH APPROACH  
Research in the field of DFE has to date concentrated mainly on describing 
preconditions and concepts for achieving a sustainable society, rather than 
on how to solve the specific problems encountered on the path to achieving 
it. Moreover, the specific problems facing designers and strategic product 
planners in their attempts to achieve the desired solutions have also received 
little attention especially designs of completely new products.  
 
Companies have been shown to adopt a range of different approaches and 
procedures within their DFE activities, which makes quantitative research 
approaches (such as designing and testing quantitative questionnaires) 
difficult. The responses from similar companies using similar methods would 
represent too small a sample to draw any real conclusions. Therefore a 
qualitative research approach has been chosen, which endeavours to develop 
an understanding of the area rather than statistically prove or disprove a 
specific hypothesis.  The character of this thesis is explorative and instead of 
attempting to prescribe how companies should perform DFE, it attempts to 
present possibilities for designers to make strategic decisions within this area. 
 
The research in this thesis adopts a multi-methodological approach, utilising 
a variety of different kinds of sources, methods and theories to provide 
answers to the research issues. Thus the procedure did not follow a linear 
process. Instead it was performed according to an iterative puzzle-solving 
process, evolved by interaction between theoretical foundation and empirical 
material. Empirical data was collected through literature review, case studies, 
company surveys, and discussions with both company employees and 
customers involved in descriptive questionnaires and interviews. The 
research efforts have focused on building up a broad theoretical foundation, 
based on literature review, case studies, CBA, VA, QFD and Kano 
influences, upon which to build a systematic approach to addressing 
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environmental problems in product design. The approach is highly iterative 
and tightly linked to empirical data.  
 
My research in finding links between functional criteria and environmental 
impact of products can be divided into two parts; see Fig. 2.1: 
 

 
 
Figure. 2.1 Structure of papers 
  
 
The first part was to develop a concept for representing functional 
characteristics of products. A Functional Profile was proposed in 1999, 
which established a platform for including functional requirements in eco-
design (I) Luttropp & Lagerstedt, 1999). A literature review depicted the 
situation surrounding designers and product requirements in general, thereby 
establishing constraints for the proposal. The opinions of designers and 
users on the functional requirements were further tested in a case study at 
Ericsson Radio System, (II) Lagerstedt & Luttropp, 1999). Once the 
Functional Profile was developed, a case study was conducted capturing 
opinions about Functional Profile and internal communication within design 
for environment at two large companies, one in Germany and one in 



 21                                  Jessica Lagerstedt 2003 
 
 

Sweden, providing valuable feedback (III) Lagerstedt & Grüner, 2000; IV) 
Grüner & Lagerstedt, 2000). The Functional Profile was presented in my 
Licentiate thesis (V) Lagerstedt, 2000). Additionally, a literature review 
compared the Functional Profile concept with Quality Function Deployment 
and Value Analysis, especially how these techniques and approaches can be 
used for treating functional preferences (VI) Lagerstedt & Luttropp, 2001). 
The concept of the Functional Profile also contributed to a discussion on 
functional priorities in LCA and Design for Environment (IX) Lagerstedt et 
al, 2002).  At this point “Extended Producer’s Responsibility” opened the 
discussion on defining system boundaries and functional priorities in 
different life phase while environmentally assessing products (VII) Forsberg 
& Lagerstedt, 2001). 
 
The second part aimed at establishing a balance between Functional Profile 
and significant environmental impacts in early product development phases. 
This research was partly carried out in co-operation with a PhD-student 
(Sousa I.) at CADlab, Massachusetts Institute of Technology (MIT), whose 
work focuses on environmental evaluation of products in early phases of 
product design. Sousa used a specific set of product attributes to explore 
artificial neural network-based (ANN) environmental models to perform 
preliminary environmental assessments. These attributes related to the 
environmental performance of products. Common research investigated 
general-specific functional and environmental attributes for automotive 
products. To test already established concepts common research used case 
study methodology. A case study in automotive industry was conducted 
during Fall 2001, identifying and evaluating functional and environmental 
characteristics for trucks in early product development phases. The case 
study also established a communication platform for functional and 
environmental criteria, linking these two sets of characteristics in a 
Functional-Environmental Matrix, (VIII) Lagerstedt & Sousa, 2002). 
Another case study in automotive industry was performed spring 2002 to 
further test the validity of prior work, (X) Sousa & Lagerstedt, 2002).    
 
2.2 MEASUREMENTS AND VALUES 
Most of the data in the case studies were collected via questionnaires and 
interviews. In the questionnaires the respondents were asked to evaluate 
some functional and environmental related product characteristics, thus 
measurements and values had to be used.  
 
In general, measurements are used to separate a set of elements into different 
parts. The evaluation process is the actual act where the objects are allocated 
into a reference set. Measurement is the assignment of numerals to objects 
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or events according to rules (Stevens, 1951). If rules can be set up on some 
rational or empirical basis, measurement of anything is theoretically possible. 
Values are normally culturally weighted preferences for things, ideas, people, 
institutions and different behaviour, (Kluckhohn et. al, 1952).  
 
Different scales are used to evaluate different levels of measurement or 
classify the object of interest to us. There are four types of measurements: 
nominal, ordinal, interval and ratio, all using a different kind of scale. The 
nominal scale assigns numerical numbers to objects without having a 
number meaning i.e. they cannot be ordered or added. For example football 
players and telephone numbers are assigned such numbers. Ordinal 
measurements require that the objects can be rank-ordered on an 
operationally defined characteristic. Ordinal numbers shows rank order only, 
and the numbers do not indicate absolute quantities, nor do they indicate 
that the intervals between the numbers are equal. This implies that we have 
to be able to say a>b>c…>n for some property. Equal intervals or distances 
characterise interval or equal-interval scales. For example if four objects are 
measured resulting in the values 9, 7, 5, and 3, the difference between the 
first object and the third object equals the difference between the second and 
the fourth object - 4.   Ratio scales possess the characteristics of all above-
mentioned scales. Ratio scales are therefore the highest level of 
measurement. (Kerlinger, 1986).   
 
Different scales were elaborated thru an iterative process with students and 
respondents at interviews. Finally a discrete, ordinal scale with a set of 
positive integers from 0-10 was selected to measure properties or 
characteristics of products. The numbers correspond to the relative 
importance of the property; 0 corresponds to minimal importance, 5 – 
medium or significant importance and 10 symbols maximum or dominating 
importance. The scale is furthermore shown graphically as a form of a 
thermometer, which makes it easier for the respondent to read off (or read 
in) i.e. to understand and interpret, see fig. 2.2. The structure of this type of 
scale can also be called manifest scale, since the symbols are integers on 
straight line and the manifestation of the values are mapped. (Galtung, 1967)   
 
 
 
 
 
 
 

Fig. 2.2 Ordinal manifest scale shown as a thermometer 

 0    3    4       6    7          10 

minimum significant dominating 

0    3    4       6    7          10 

minimum significant dominating 
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Overall, the evaluation process is the actual act where the objects are 
allocated in a reference set. Hence, to evaluate is to sort and order stimuli. 
Normally, this process divides the elements in three parts (trichotomized): 
“positive”, “neutral or indifferent” and “negative” elements which 
corresponds to “good”, “neutral” or “bad”. Furthermore, values are 
normally culturally weighted preferences for things, ideas, people, institutions 
and behaviours, (Kluckhohn et. al, 1952). Value can also be described as the 
principle according to which this sorting or ordering is done: showing the 
intension of the evaluation, (Galtung, 1967). The relevant value gives us the 
meaning of the evaluation, whereas the division of the set in three parts gives 
us the extension of the evaluation. The verbal terms may be changed and the 
scale may use a refined gradation depending on the purpose, for example: 
“extremely good”, “very good”, “good”, “neutral”, “bad”, “very bad”, 
“extremely bad”.  
 
In general, measurements are used to separate a set of elements into different 
parts. Measurement is the assignment of numerals to objects or events 
according to rules, (Stevens, 1951). If rules can be set up on some rational or 
empirical basis, measurement of anything is theoretically possible. This 
situation reduces the rejection for measuring some property because the 
property is complex and elusive. Even though measurement is a game the 
researcher doesn’t have to reject playing this game if he/she is aware of how 
realistic the situation is and understand the difficulties of it, (Kerlinger, 
1986). Hence, a value is a measurement. 
 
2.3  CONVENTIONS AND LIMITATIONS  
The processes of product development and design are referred to here in a 
broad and general sense. The focus of the work is also non-specific, not 
targeting single products or geographical areas. Furthermore, no distinction 
is made between large, medium and small companies, nor how far advanced 
they are in the DFE area. This thesis discusses products and the 
development process in relation to DFE and achieving a sustainable society. 
Additionally, no discussion is entered into on specific integration aspects, 
though they may impact on environmental aspects in product development. 
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II   THEORETICAL FOUNDATION 
 
3  THE ENVIRONMENT AS A PART OF PRODUCT 

DEVELOPMENT 
The basic theory of product development and design, as well as 
environmental issues within this process are presented here to anchor the 
research in its actual context (especially the role of the designer, and 
functional requirements).  
 
3.1  CHARACTERISTICS OF PRODUCT DEVELOPMENT AND DESIGN  
Product development in industry today is a multi-facetted activity, often 
characterised by a large organisational structure, the involvement of many 
persons representing different specialities, and various departments in the 
company such as research, design, production, marketing, and management. 
  
Product development process models have been developed by many 
researchers including Ullman, Pugh and Andreasen.  The most common way 
of portraying the product-development process is as a chain of task or events 
with milestones and decisions (Andreasen, 1987; Pugh, 1991; Ullman, 1997).  
They all describe a few main steps that must be carried out during the design 
process. See for example Fig. 3.1.  
 

 
 
Fig. 3.1. Design process, (Ullman, 1997) 
 
The product development process is characterised by analysis and synthesis 
in an iterative manner on different levels of details. In short design work 
always starts with an analytical phase where the problem is to be understood. 
Based on this problem analysis, a requirement specification should be 
established. Next resources are allocated, design records are established and 
concepts are generated – synthesis phase. After this, evaluations are 
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conducted by means of calculations, computer simulations or prototype 
testing – analysis phase. The predicted or measured product performance 
and properties are then compared to the specification and the synthesis and 
analysis is iterated until the result is satisfactory. The evaluation comprises 
decisions on design matters like further analyses, modified or new concepts, 
production methods etc. 
 
Pugh formulated the following description of a total design process: 
 
“All design starts, or should start, with a need that, when satisfied, will fit into an 
existing market, or create a market of its own. From a statement of the need – often called 
the brief – a product design specification (PDS) must be formulated – the specification of 
the product to be designed. Once it is established, it acts as the mantle or cloak that 
envelops all the subsequent stages in the design core. The PDS thus acts as a control for the 
total design activity because it places the boundaries on the subsequent designs. Conceptual 
design is carried out within the envelope of the PDS, and applies to all succeeding stages 
until the end of the core activity.”  (Pugh, 1991). 
 
Although almost all models of the product development process appear in 
sequential flowchart form, in practice this process is neither so smooth nor 
continuous. Real–life design is executed in an iterative fashion, and the real 
creative mental process is still under research. Design is a creative process 
based on observations and experiences, and rational thinking. Most of the 
procedure happens in the brain of the designer and only few designers are 
aware of their design process or methodology  (Rosell, 1990) and the actual 
outcome depends on a designer’s individual creative process. Creativity itself 
is irrational by nature, which expands knowledge and mental freedom and 
accelerates the possibilities to make changes. Creativity is therefore an 
important part in product development, hence also important in design for 
environment.  
 
A simpler model describing the product-development process is therefore 
used in this thesis, concentrating on the paradox between design freedom 
and defining knowledge and data of the forthcoming product. Focusing on 
the increasing product knowledge and reducing design freedom over time, 
the design process can be represented by the curves according to Fig. 3.2. 
This interpretation of the design process has been adopted here.  
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Figure 3.2: The design process paradox 
 
When designing a completely new product, at the outset the knowledge of 
the new product is small but the freedom is almost total, as nothing is 
established. This part is quite close to the design core, featuring lots of 
design freedom and little design restriction by known or determined features 
of the product to come, in this thesis referred to as early product design 
phases. The process starts with a need to be fulfilled, or with new technology 
to apply, and the goal is to find design concepts for a product or component 
that satisfies these. Information about the product increases as the product 
develops, but at the cost of design freedom. When reaching some kind of 
intellectual breakeven a concept of the new product is normally established, 
here called intermediate design phases. By the end of the process the 
knowledge of the product is greatest but the possibilities for changing the 
design are small. Global design decisions are already taken and only minor 
changes can be made. Major changes are no longer at stake, though smaller 
improvements such as adaptations to suit manufacturing processes and 
“cosmetic” changes to the shape and assembly refinements can be made. 
Design freedom is very limited, and principles and other global design 
decisions are no longer issues. These stages are referred to as late product 
design phases.  However, different product development projects have 
different starting points on the curves and most development work is 
actually performed in the later part of the product development phases.   
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Most designers would of course like to redo their projects now that they fully 
understand the problem. Few designers get the opportunity though, since 
time and cost control most projects. Early evaluation criteria must therefore 
be as unbounded as the system choices. As the system becomes constrained, 
so do the evaluation criteria. What was a general heuristical judgment 
become a domain-specific guideline, and, finally a quantitative design 
parameter (Maier and Rechtin, 2000). 
 
Effective product development often calls for decisions in early phases of 
product development process. Early product development phases are 
however challenged by ill-defined product concepts and ideas. Important 
characteristics are not always known and many different options have to be 
evaluated. Lack of information, creative thinking and high level ambiguity are 
factors characterising early design phases. The designer should therefore 
learn as much about the evolving product as early as possible in the design 
process. 
 
Broadly speaking early product development phases can also be referred to 
as innovation phase or product planning phase. Even though theses 
expressions actually have a slightly different meaning in different design 
cultures, they here all represent early phases of product development.   
 
In literature design is sometimes regarded as a part of the product 
development process, where all the engineering and detailed design works 
starts. In this thesis design and product development refers to the whole 
process, and there has been made no distinction between the two.  
 
Some people claim that the designer is the person who only performs the 
engineering design work, while product developers are involved in the whole 
product development process. Of course there are many other names for 
people involved in the product development process. For example product 
planner and system architect are commonly used in literature and at 
companies. Strictly speaking there are some variations between the 
definitions. Some companies call the persons working in the very early 
product development phases, product planners. The product planner on the 
one hand identifies the portfolio of products to be developed by the 
organisation and the timing of their introduction to the market. The process 
considers product development opportunities, marketing, research and 
customers. (Ulrich and Eppinger, 1995). A system architect on the other 
hand creates and builds architectures of complex systems. The architecting 
process is characterized by: objective definition, rough modelling, whole 
system thinking, conceptualisation and heuristics, (Maier and Rechtin, 2000). 
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Depending on one’s perspective, architecting may or may not be seen as 
separable part of engineering, thus a system architect could possibly be called 
designer. 
 
To avoid confusion and to cover a broader perspective this thesis adopts a 
more general approach. Designer will from here on simply be used for any 
person working with design and product development. Thus designer should 
not be interpreted only as the person who performs the detailed design and 
drafting.   
 
3.2   CHARACTERISTICS OF DESIGN FOR ENVIRONMENT  
DFE is also known by numerous other names such as green design, eco-
design, sustainable design, environmentally conscious design, life-cycle 
design, life-cycle engineering and even clean design. Though the actual 
wording may mean different things to different people, the terms generally 
have the same goal. 
 
The main purpose of eco-design is to create products and services for 
achieving a sustainable society. These products have to allocate as few 
resources as possible without reducing performance. In other words without 
compromising other criteria such as functionality, quality, cost and 
appearance. When designing products for a sustainable society, several other 
constraints apart from the environment have to be considered, including 
economics, technological possibilities and limitations, and last but not least, 
the needs and benefits of the customer (Luttropp and Lagerstedt, 1999). This 
means that environmental demands have to coexist with all the other 
requirements and constraints. The complex view of environmental demand, 
economic reality and technical possibilities, defined as eco-performance, 
must be optimised in designing for a sustainable society (Luttropp and Züst, 
1998). In order to achieve this, environmental issues and demands must be 
integrated into the product-development process. In this respect eco-design 
means, taking environmental issues into account without compromising the 
other demands on the product. 
 
Though environmental issues are important and ought to be adequately 
implemented, the time constraints and deadlines in the real design world 
dictate that these issues cannot consume too much of the product 
development and design process time budget.  Environmental activities 
simply have to fit in with all the others, especially the high-priority activities 
relating to functionality and commercial viability.  
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3.3  ECO-DESIGN IN PRODUCT DEVELOPMENT  
In order to achieve environmental-product improvements, DFE must adapt 
to and become a natural part of the product-development process, preferably 
as early in the process as possible. Early product development phases are 
widely believed to have the most influence in defining environmental aspects 
of products, see for example (Bhamra et al, 1999, Fiksel, 1996, Luttropp and 
Lagerstedt, 1999, US Congress, 1992). However, conceptual design creates 
particular challenges for incorporating a life-cycle design approach that 
combines functional and environmental assessment. Detailed information is 
scarce, high-level decisions must be made quickly, and product designers 
generally lack the environmental expertise or the necessary time to 
meaningfully address environmental issues along with other traditional 
design consideration.  
 
According to the model of the product-development process in Figure 3.2 
the appearance of eco-design changes with time through the design process. 
A basic dilemma is that sustainable solutions often demand radical changes 
and “re-think” of product systems, see Figure 1.2 and 3.2, and therefore rely 
mainly on decisions early on, in the product development process. At this 
point there is very little firm information about the new product, which 
means that quantitative methods would be difficult to apply, as they are data 
intensive. Consequently few environmentally oriented design methods are 
available. Although reference products and future scenario LCAs can be used 
it is crucial to evaluate both functional and environmental aspects on a high, 
qualitative level.  
 
At the end of the design process the design freedom is very limited since 
most of the design parameters are settled, which implies that only re-design 
and small changes can be made. Retrospective LCAs or MIPS (Material 
Intensity Per Service unit) calculations requiring quantitative data can be 
performed.  
 



 31                                  Jessica Lagerstedt 2003 
 
 

3.4  ENVIRONMENT - ONE OF MANY DESIGN REQUIREMENTS 
During product development and design a multitude of requirements must 
be considered. Customer needs, functional requirements and technical 
constraints are examples of basic elements in early product development, and 
all must be considered before design begins. Ullman (1997) describes eight 
major types of customer requirements: functional-performance, human-
factor, physical-factor, reliability, life-cycle, resource and manufacturing 
requirements.  Functional-performance requirements for example, describe 
the product’s desired behaviour. Even though environmental requirements 
are important there are a number of competing demands that also have to be 
taken into consideration.  
 
In general, very few products, principles or functions can be expressed using 
a single criterion, even if it is the main product function, other aspects like 
cost, physical lifetime and aesthetics are important factors underpinning 
customer preferences (Luttropp and Lagerstedt, 1999). Therefore it is 
important to adopt a set of core design criteria in addition to the main 
function, keeping in mind however that environmental matters are not given 
top priority by designers. This situation can best be illustrated using a pie 
chart, where every piece of the pie represents an important design task (see 
Fig. 3.3) (Luttropp, 1999). Consequently, during requirement evaluation, 
environmental demands have to coexist with all other requirements and 
constraints. Design solutions must seek a balance between all the competing 
requirements.  
 

 
Figure 3.3 Representation of all the demands that must be addressed in product 
development (Luttropp, 1999) 
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3.5  THE DESIGNER IN ECO-DESIGN 
Since designers play the central role in product design, they also become 
important actors in DFE.  Due to the nature of product-development and 
design work, which immerses the designer in numerous different tasks and 
assignments, the amount of time they can budget for conducting 
environmental activities, despite their importance, is very limited. 
 
Although designers have a fair general knowledge about environmental 
problems, there is nonetheless a lack of knowledge about global 
environmental issues, such as the potential consequences of the greenhouse 
effect and ozone depletion (McAloone and Evans, 1996). This problem has 
also been investigated in later research by Åkermark (1999). Designers are 
usually found to have a positive disposition toward doing something for the 
environment. However, designers are not, nor should they be environmental 
experts, due to the time constraints involved. There are other demands more 
important than environment that the designer is employed to address, such 
as functionality (Luttropp and Lagerstedt, 1999). Having to address too 
much information and too many requirements pressurises the designer into a 
position where selectively disregarding some tasks is a necessary evil. Some 
designers claim that: “the best way making designers care about DFE is to let them be 
free and creative. They neither want too much information nor DFE tools”. (Lagerstedt 
and Grüner, 2000).  
 
3.6  COMMUNICATION (OF ENVIRONMENTAL REQUIREMENTS) 
To be able to express product imperatives and objectives and manage design, 
it is important that the designer speaks all the languages spoken in the 
product development process. Models are used as the principal language to 
facilitate communication within a project and with clients (Maier and 
Rechtin, 2000). Moreover, system models help clarifying abstract objectives 
and emulate the real world. A model is an approximation, representation or 
idealization of selected aspects of the structure, behaviour, operation, or 
other characteristics of a real-world process, concept, or system, (Crawley 
and de Weck, 2001). Flow diagrams, structure charts and manufacturing 
process diagrams are example of models to describe system patterns.  
 
For successful direction of DFE, product managers and designers have to be 
provided with environmental-information support, through for example 
various methods and tools, or the results of environmental assessments, 
guidelines and checklists. Communication of these results is often done by 
presenting charts and diagrams containing highly-aggregated quantitative 
data such as the relationship between carbon dioxide emissions and 
production in LCA (where usage or recycling phases are shown in diagrams). 
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This information has to be treated together with the information on all the 
other product demands.  Often there is a lack of understanding of each 
specific area’s business and a lack of knowledge about what to do with the 
information at hand. It is therefore common that environmental 
requirements are tacked onto the product specification when it is usually too 
late to make any major changes, (Lagerstedt and Grüner, 2000).  
 
To achieve most benefit for the environment, environmental information 
has to be carefully selected and clearly communicated. Ideally information 
can be kept as simple as possible, like simple rules-of-thumb organised into 
just a few easy to understand documents, or even a poster on the wall. 
(Lagerstedt and Grüner, 2000)  
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4  ECO-DESIGN DIMENSIONS 
This chapter discusses different design-for-environment methods. A 
literature review of various product representations and their respective 
functional preferences within DFE provides a background to the problem. 
Since LCA was the starting point for this research and the concept of 
product concept descriptors was chosen for the product environmental 
characterisation these concepts are studied in detail. 
 
4.1 WHAT IS AN ECO-DESIGN METHOD?  
The need to incorporate environmental considerations into the product 
development process has given birth to a variety of eco-design methods. 
Some methods focus on the company, evaluating and balancing legislative 
demands, environmental requests and company image. Others focus on 
products and designers’ efforts to achieve greener products. Despite the fact 
that numerous eco-design methods have been developed only few are used 
in industrial companies, (Ehrenfeld and Lenox, 1997)    
 
Several product-related eco-design methods have been developed by distinct 
environmental impact reduction purpose. A common goal for these methods 
is to measure and describe the environmental impact of products and 
services. Hence they focus mainly on how to reduce the environmental 
impact of products throughout their life-cycle by focusing on specific 
environmental aspects while keeping the functionality of the product 
unchanged. This approach is especially effective when re-designing products 
and can be observed in most eco-design methods that have been developed.  
Furthermore, the methods vary a lot in their complexity, quality and the time 
required to understand them, and cannot be used in every situation or phase 
of the product-development process.  
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4.2  ECO-DESIGN METHODS 
Table 4.1a and 4.1b show some examples of commonly known and relevant 
environmental assessment methods and concepts. 
 
 

 
Table 4.1.a Concepts and methods of environmental assessment 
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Table 4.1.b Concepts and methods of environmental assessment 
 
The Material Energy Toxicity (MET)-matrix was developed as a simple 
method for designers to systematically map the environmental impact 
through out the product life cycle. The procedure follows four main steps: 1) 
discussion on product function 2) defining a functional unit and system 
boundaries 3) listing of material, energy and toxic substance consumption in 
the different life phases, which is included in matrix 4) evaluation. Since the 
results are based on the knowledge of the designer, co-operation with 
environmental experts or complementing methods are recommended. 
(Miljöverktyg, 2000)  
 
One of the key instruments in the context of Design for Environment is Life 
Cycle Assessment (LCA).  The basic idea is to deliver an as comprehensive 
picture of environmentally impacting activities as possible. The method 
involves measuring and evaluating the total resultant impacts caused by the 
product or service on the environment. Even though many software tools 
have been developed to provide the user with simplified environmental data, 
the method is still very time consuming and requires some environmental 
expertise. Hence, full-scale LCAs are not a recommended tool for the busy 
designer. The method is discussed in detail in chapter 4.3. 
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As a reaction against other methods’ focus on small quantities of toxic 
substances Schmidt-Bleek at Wuppertal Institute in Germany developed the 
”Material Intensity per Unit Service” (MIPS) method in early 90s. In contrast 
MIPS focuses on total material flows; all materials through out the life cycle 
are accounted for and added together. All in all this will give us a 
measurement of the potential environmental impact of the product i.e. the 
“ecological weight” or MIPS. (Schmidt-Bleek, 1993) Clearly the method is 
very rough and complementary methods should be used as well.   
 
The eco strategy wheel contains eight strategies to environmentally improve 
products and is based on the knowledge of the members of the team. The 
strategies are used as a checklist and source of inspiration to support 
brainstorming meetings. (Miljöverktyg, 2000)  
 
Environmental Effect Analysis (EEA) tries to identify sources of error and 
take care of them before they appear. The tool origins from Failure Mode 
Effect Analysis (FMEA) and therefore it became first known as 
“Environmental-FMEA” (E-FMEA). EEA aims at assessing and prioritising 
the importance of environmental effects, demands from customers and the 
surrounding world, and feasibility. Prior knowledge of the members of the 
team is a key factor for reliable results since EEA is a completely qualitative 
method. (Miljöverktyg, 2000) 
 
Checklists and guidelines are often found in eco-design handbooks or as 
good advices and specific avoidance lists in companies e.g. Guidelines for 
Environmentally Sound Product Development (ABB Alstom Power, 1999), 
Handbok I miljöanpassad konstruktion av electronikprodukter (Bergendahl 
et al., 1994), EcoDesign Navigator (Simon et. al., 1998), Ecodesign- a 
promising approach to sustainable production and consumption (Brezet et. 
al., 1997). Minimize use of material and energy, minimize the number of 
components, modularise the product, avoid substances in the chemical 
restriction list are examples of recommendations to be found in these list. 
Normally these lists are based on information from earlier analyses or 
presented as rules of thumb or simplified summaries of complicated 
methods. They are often very generic and in that state they are in general of 
no use for the designers. The checklists and guidelines must therefore be 
adjusted to the specific situation of the designer and product. Luttropp 
summarised many different guidelines and checklists that can be found in 
literature into some 10 golden pedagogic rules (Luttropp, 2000). The golden 
rules are still generic but they can be helpful when adapted to a particular 
product design. Practical experience from eco-design education at companies 
shows that one of the most popular tasks among professional designers is to 
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customize these generic rules into their own in-house situation, (Luttropp, 
2000). 
 
Product Concept Descriptors, developed by Sousa et. al., are a set of general 
product attributes chosen so that they are usually known during conceptual 
design, easily understood by product designers, and logically linked to the 
environmental performance of products (Sousa et. al., 2000). These 
descriptors have been used to query artificial neural network–based (ANN) 
LCA models to perform preliminary environmental assessments. The 
concept is further presented in chapter 4.4. 
 
In order to develop overall environmental design strategies Holloway 
developed an environmental design matrix called Environmental Design 
Strategy Matrix (EDSM), (Holloway, 1997). The matrix identifies some 
design strategies based on characteristics of products at the different life-
cycle stages. The product is described using the following product 
classification descriptors: life-cycle length, energy consumption, resource 
consumption, material requirement, configuration and disposal route.  
 
Sshlüter (2001) developed a Life-Cycle Design Structure Matrix (LC-DSM) 
to identify environmental hotspots, which furthermore can be used to 
develop simple environmental indicators. The approach is learning-based 
and development of the indicators is based on results of Life Cycle 
Assessment. LC-DSM is used to model material, energy and emission flows 
related to the environmental impact of products. 
 
4.3 LIFE CYCLE ASSESSMENT – AN ECO-DESIGN METHOD 
One of the most commonly used eco-design methods is Life Cycle 
Assessment (LCA). In order to understand complex environmental 
problems, LCA is used to create a holistic view of the total environmental 
performance throughout the life cycle of a product or service. LCA is also 
known as cradle-to-the-grave assessment and eco-balancing.  
 
A key principle in LCA, and one linked to boundary definition, is that of 
‘functional equivalence’.  This concept reflects that a valid comparison can 
only be drawn between systems that deliver the same services.  
 
One of the prime objectives for carrying out an LCA is as stated in the LCA 
code of practice (SETAC, 1993) “to provide decision-makers with 
information which defines the environmental effects of industrial activities 
and identifies opportunities for environmental improvement”. Nevertheless, 
the LCA debate has to date focused mainly on the methodology rather than 
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the application of the method (Baumann, 1998). However, LCA is useful for 
gathering quantitative data and assessing potential environmental effects and 
consequences of human impact (Nevén, 1997). The method aims at 
systematically identifying and quantifying material and energy resources 
consumed, plus waste generated during the whole life cycle of the product 
(see Fig. 4.1). 
 
 

 
 
Figure 4.1 Different life phases in LCA 
 
 
In general LCA consists of the three main stages outlined below. 
 
Goal setting: this is the most important stage, as the whole assessment is 
based on the outcomes determined here. Goal setting as the name suggests, 
presents a qualitative description of the issue and the purpose behind the 
LCA. This description ought to declare where and how the study will be 
performed and what the results will be used for. An important part of goal 
setting is to define system boundaries and a functional unit (FU). A FU 
expresses what the new product is supposed to do, that is the benefit of the 
product for the customer (Wenzel et. al., 1997). The FU is usually derived 
from the main function of the product. 
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Life-cycle inventory (LCI): this is an objective process, which identifies 
and quantifies energy and material flows within the system boundaries. These 
data provide an overview of the information concerning the impact on the 
environment, though not showing the effects caused by these impacts. 
 
Life-cycle assessment: this is also referred to as impact analysis, and 
involves undertaking a systematic evaluation of the inventory. The results of 
the inventory are translated into readily understandable figures, diagrams or 
indices, mirroring the effects of the environmental impacts identified in the 
inventory.     
 
Performing a LCA requires a significant amount of data about the product, 
which unfortunately leads to the following paradox: 
 
Conducting an LCA at the beginning of the design process makes little sense as very little 
has been finalised; the relevant information is not yet available. At the end of the process, 
when all the relevant information is available, it still makes little sense as everything is 
already finalised and hardly anything can be changed. 
 
Consequently, LCA is not applicable in the early stages of design as it 
requires a lot of data about the product before it is designed, yet later on 
when the details are finalised it is too late to make any major changes. This is 
a suitable approach though, when re-designing products and various types of 
“product re-design” concepts are likely to meet similar requirements. As a 
consequence, LCA is more retrospective than proactive. Furthermore, there 
seem to be few examples where LCAs support a single decision, hence the 
method has probably its best use for learning rather than supporting specific 
decisions, (Baumann, 1998).  
 
One of the biggest problems in LCA is defining the FU. The FU is supposed 
to be exactly quantified and identical for all the design solutions examined, 
thereby facilitating comparisons between the different concepts. Studies of 
existing experiences with LCA application in product development also show 
that the FU must be properly defined, taking into account the performance 
of the product, its life span, fulfilment of user requirements to a certain 
standard, and potential for fulfilment of various different types of functions 
(Hanssen, 1997). The definition of the functional unit is based on the 
specified main function(s) of the system(s) under study. The functional unit 
is thus a relevant and well-defined strict measure of the function that the 
system delivers (user function) and is the basis for the analysis.  
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Differences in system boundaries (being too narrow or wide) can lead to 
problems when comparing the results for similar products. To use a 
metaphor, results are dependent on where the fence line is drawn. When the 
fences (the system boundaries) differ, so does the whole system, therefore 
rendering the results incorrect. It is desirable to include as much information 
as possible, making the whole world a tempting goal; however system-
handling limitations mean that this is an impossibility. Setting the right goals 
can be complicated but is nonetheless imperative. Furthermore, the 
connections between inventory analysis, the impact assessment and 
allocation problems require further investigation (Lindfors and Finnveden, 
1996). 
 
Though LCA is the most reliable method for determining the environmental 
performance of products, the use of the method in product development is 
hampered by its complexity, comprehensive scope and time-intensive 
application. Therefore, despite the growing interest in LCA and the amount 
of research currently being carried out in this area, it is not a viable solution 
for the busy product designer. It simply takes too long to execute and the 
results are often difficult to interpret (McAloone, 2000).  Life-cycle design 
matrix (LC-DSM) however is a new method that endeavours to overcome 
the size and complexity problems experienced with LCA (Schlüter, 2001).  
 
4.4  PRODUCT CONCEPT DESCRIPTORS – AN ECO-DESIGN CONCEPT 
Originally these product concept descriptors have been used to explore 
artificial neural network–based (ANN) LCA models to perform preliminary 
environmental assessments. The Product Concept Descriptors were 
developed by Sousa et. al. as a set of general attributes chosen so that they are 
usually known during conceptual design, easily understood by product 
designers, and logically linked to the environmental performance of products 
(Sousa et. al., 2000). 
 
The concept of ANN models is based on a simple idea – learn by example. 
The models are trained using general characteristics of existing products and 
corresponding environmental data from pre-existing LCA studies. The 
product design team queries the trained artificial model with high-level 
attribute data of new product concepts to quickly obtain an approximate 
environmental performance for a new product concept, without the 
overhead of defining new LCA models. The approach is illustrated in Figure 
4.2. The product design team can then apply the predicted environmental 
performance along with key performance measures from other models in 
trade-off analysis and concept selection. For example they can be used in a 
system-modelling framework called DOME (Distributed Object- based 
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Modelling Environment) (Abrahamson, 2000) integrates the ANN models 
with other design models (e.g., cost, technical performance, and CAD 
models) for trade-off analysis. 
 

 
Fig. 4.2. Learning surrogate LCA model within integrated conceptual design 
 
The descriptors were selected such that they utilise only product information 
readily available during conceptual design, can be compact to reduce 
demands on the surrogate model and can be related to elements of the 
abridged LCI list. A candidate set of product descriptors was identified based 
upon literature and the experience of experts, and tested for first order 
relationships with elements in the abbreviated LCI list. Table 4.2 shows the 
selected set of Product Concept Descriptors. (Sousa, 2000) 
 

Table 4.2. Product Concept Descriptors (Sousa, 2000) 

Quantitative Product 
Descriptor 

Qualitative Product 
Descriptor 

Mass [kilogram] Operational mode 
Material composition 
[%mass] 

Additional consumables 

Recycled content  [%mass] Energy source 
Recyclability  [%mass]  
Lifetime  [hours]  
Use time [hours]  
In use power consumption 
[watt] 

 

Artificial 
Neural 

Network 
(ANN)

predicted simplified 
inventory

concept 
descriptors

of new products

training 
data

full LCA study 
data for existing 

products

full description 
data of existing 

products

Full detail

abstracted 
high-level 

descriptors 
of existing 
products

simplified LCI 
for existing 

products

Concept detail

training 
data

full LCA study 
data for existing 

products

full description 
data of existing 

products

Full detail

abstracted 
high-level 

descriptors 
of existing 
products

simplified LCI 
for existing 

products

Concept detail

abstracted 
high-level 

descriptors 
of existing 
products

simplified LCI 
for existing 

products

Concept detail
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4.5  FUNCTIONAL PRIORITIES IN ECO-DESIGN METHODS 
Environmental performance is highly dependent on functionality. Most 
research within the DFE area done over the past years focuses on how to 
reduce the environmental impact of products throughout their life-cycle by 
focusing on environmental aspects, while keeping the functionality of the 
product unchanged. This approach is especially effective when re-designing 
products and can be observed in most eco-design methods that have been 
developed e.g. Life Cycle Assessment (LCA), Material Intensity Per Service 
Unit (MIPS), eco-guidelines and checklists. Considering sustainable solutions 
often demand radical changes and “re-think” of product systems thus 
include potential changes both in functional and environmental qualities. 
 
Generally speaking, products are designed from a list of requirements, 
consisting of one or two main functions and several constraints. However 
most eco-industrial methods, such as LCA, are based on one single 
condition.  Few products, principles or functions are possible to express by a 
single criterion, even if it is the main function. Furthermore, user and societal 
preferences for environmentally adapted products have often been 
disregarded. This has resulted in the comparison of dissimilar concepts and 
products, which ultimately affects the nature of conclusions regarding the 
actual environmental performance of products. For example, advanced 
vehicles with better fuel economy can only, effectively, lower fuel 
consumption if they displace conventional, less fuel-efficient vehicles in the 
market. For this to happen, consumers must perceive them as at least 
equivalent or equally attractive concerning other performance parameters, 
such as safety, size, power, and price (MacLean and Lave, 2000). A more 
realistic evaluation would be to consider a set of core criteria in addition to 
the main function. Other aspects such as lifetime, aesthetics and cost are 
important factors in customer preference (Luttropp and Lagerstedt, 1999). 
This has also been observed by Persson (1999), who argues that by 
increasing the utilisation of products, the volume of goods (materials in the 
technical system) could be reduced significantly.   
 
To achieve a sustainable society, products must be environmentally adapted 
but at the same time they must also function well and be commercially 
viable, meaning that there has to be a balance between “environmental cost” 
and “functional income”. This situation can be compared with a financial 
balance sheet, where balance is sought between the income and the cost 
sides for a particular product in monetary terms. Taking the analogy further, 
eco-design establishes a balance between the income side (environmental 
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impact) and the cost side (customer benefit) of the product (thereby 
explaining environmental cost and functional income in Fig. 4.3).  
 
 

 
 
Figure 4.3 Balancing environmental cost with functional income  
 
In this thesis customer benefit is represented by functional related properties 
characterising the product and environmental cost is represented by product 
attributes related to environmental impact. In this respect the total value of 
the performance of the product balances both environmental cost and 
functional income. In other words, the total value of the product increases 
when functional income increases or alternatively, when the environmental 
cost decreases. Most DFE methods, including LCA, are however unbalanced 
in this regard, addressing only the “cost” side and not the “income” or 
“benefit” side.  
 
A current precondition for comparing various different design solutions for 
handling environmental impacts is that all the benefits have to be the same. 
In other words all the design solutions have to produce the same benefits. 
For example, LCA considers the benefit for the customer expressed in terms 
of the FU, addressing only the main function(s) of the product or the system. 
The strictly defined functional unit is considered to be a key element in the 
LCA methodology thus also in the standards of the ISO 14040- series. 
Comparative assertions were seen as one of the main applications of the 
LCA methodology in the early 1990-ies and a fear for misuse was the reason 
behind the development of a strict methodology in SETAC and later ISO. 
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Consensus for statements such as “only complete product systems may be 
compared” and “the denominator shall be the function provided by the 
product system, not the product itself” became the platform for a 
methodology aiming at comparisons on equal and fair grounds. (Lagerstedt 
et al, 2002) 
 
FU should express what the new product is supposed to do. In order to 
compare different concepts, FU is used as a fixed reference-point for the 
environmental assessment, thereby having to be the same for all the design 
solutions examined (Wenzel et al.1997). FU is also adopted as the lowest 
common denominator of the products being compared. To bring about 
environmental improvement one should of course choose the solution that 
provides the desired function for the lowest environmental impact, using FU 
as the basis for all calculations.  To ensure that the various different ways of 
providing a service are comparable, it is clearly stated in LCA methodology 
that the service must be both clearly defined and precisely quantified, thereby 
constituting the FU (Wenzel et al, 1997).  
 
A pedagogic example from the book “Environmental Assessment of 
Products” by Wenzel et al (1997) is used to illustrate the use of the FU in 
LCA. The example uses LCA to compare a goat, a motor-driven lawn 
mower and a hand-driven lawn mower and the FU is defined as “mowing 
100m2 of lawn”. The service is precisely quantified, despite the irrelevance of 
comparing these alternatives solely on this basis. Several other relevant 
constraints have not been considered. For example, it might not be possible 
for elderly people to use a hand-driven lawn mower and most people do not 
have the possibility of keeping a goat. Therefore, this representation does not 
provide a realistic view of the benefit to the customer.  
 
Allocation problems were introduced by the functional unit approach and 
some early researchers used a multi-functional approach to overcome these 
whenever suitable (Lindfors, 1995), i.e. they used several functional units in 
parallel and compared product systems which fulfilled all functional units 
simultaneously. The basic concept of the functional unit was kept 
unchanged. This approach was similar but far from identical to the system 
boundary expansion approach of today. It was a suitable approach when 
various service systems were under study but did not offer a solution to 
traditional comparative assertions of products yet showing that applications 
of LCA were far from restricted to traditional comparative assertions based 
on a single functional unit.  
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LCA methodology of today is capable of handling most allocation problems 
caused by the functional unit approach when reasonably homogeneous 
product systems are under study. Various types of “product re-design” 
studies are likely to meet that requirement but future challenges for LCA 
such as assessment of functional innovations, functional sales etc obviously 
will not. This is a huge problem especially in product development e.g. 
during “re-think” of product systems and modelling of new products.  
Arbitrary allocations may generate very misleading results. Thus, arbitrary 
allocations should be avoided in these cases, i.e. un-allocated system models 
should be applied.  
 
One route, which offers that option, is to abandon the functional unit 
approach and report all functional qualities provided by the system instead. 
Obviously, results from such studies will show differences in eco-profiles 
and functional qualities simultaneously. Reporting must therefore be 
systematized and provide a visualization of similarities and differences for 
both eco-profiles and functional qualities.  
 
Fleischer and Schmidt argue that the value calculated for the ecological 
optimum is dependent on the model selected for the comparison.  In LCA, 
the FU should be based on a model, which considers all the relevant benefits 
of the compared systems. In order to facilitate comparisons between systems 
with different benefits, they enlarge the systems by adding complementary 
goods, until the systems are equivalent (Fleischer and Schmidt, 1996). 
Unfortunately, it is not possible to take qualitative aspects into account in 
this system. 
 
Various attempts at increasing the influence of customer demands in LCA 
have been undertaken using QFD, for example with “Quality and 
Environment Function Deployment (QEFD)” (Olesen, 1997), “Green 
Quality Function Deployment-II (GQFD-II)” (Zhang Et al., 1998) and 
“QFD for Environment (QFDE)” (Masui and Aizawa, 2000). QEFD is 
described by Olesen as a method focusing on the design task by early 
observation and identification of the stakeholders’ reactions to the quality 
and environmental properties of the product.  The stakeholders who have 
greatest influence on buying decisions are selected and interviewed with 
regard to a reference product, and an LCA is performed concurrently. 
Although these concepts do take the “voice of the customer (VOC)” into 
account, the information is presented on a more detailed level, indicating 
progression beyond the early design phases into a stage characterised by 
“face-lifts” and minor improvements. Another problem is that customers do 
not always know what they want or what they need. For example users 
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cannot anticipate possibilities of new technology. Reliance on VOC alone to 
represent functional preferences is therefore fraught with uncertainty.  
 
In order to relate environmental requirements to market and technical 
requirements some specific QFDMs were introduced by Dannheim et al 
(1998) with a special focus on market-related products, usage profile and 
human behaviour. The matrix was used to identify and classify erroneous 
human behaviour with respect to the environment during analysis in the 
usage phase. Weighting the interrelation and relative importance of 
requirements and product properties within the QFD methodology 
facilitates the task of finding a trade-off between conflicting requirements. 
Although this approach depicts market and customer requirements as well as 
human behaviour, it is rather elaborate and presumes that the customer is 
always “right” having the best knowledge of the product. 
 
Another example involves using a reference product with a full-scale LCA, 
thereby establishing an environmental diagnosis aimed at identifying those 
improvement options that would lead to the greatest improvement in 
environmental performance. These environmental goals ought to be set in 
connection with parameters other than the main function used for product 
development, such as price, functionality, quality and manufacturing 
(Legarth, 1995). This proposes performing full-scale LCAs even though the 
product is a reference product and all the data is known.  This means 
spending a lot of time on data inventory and applying tools, which renders 
the concept unusable in the early phases of design. Nonetheless, the results 
and lessons learnt from full-scale LCAs on reference products could be used 
in the design of new projects; though it should be kept in mind that the new 
product probably differs in terms of system boundaries and functional 
preferences. These differences make it difficult to compare a new product 
with a reference product, and can involve totally different concepts. 
Additionally, in order to facilitate the comparison of product concepts, it is 
easier to gravitate toward developing a new product along similar lines to the 
reference product. It is easy to get locked into at reference-product mindset. 
 
Another method improving the FU is the ORWARE (organic waste research 
simulation) model, where FU is used as a reference vector calculating the 
extent to which FU is fulfilled (Sonesson et al., 1998).  The ORWARE 
simulation model, which is a mathematical material/flow model for 
calculating emission, energy turnover and industrial plant nutrient recycling 
from the handling of organic waste from society, attempts comparative 
environmental-assessments for various different scenarios. The scenarios 
provide different resultant utilities, reflected by different FUs within LCA. 
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By using a vector the results of the simulations are used to calculate the size 
of the FUs fulfilling each scenario (for example 30% and 70%). In the 
ORWARE model, this means the handling of all organic wastes generated by 
the product during one year. This translates into specific amounts of 
nitrogen and phosphorus, heat and electricity. Using a vector and a reference 
as a model of FU is possible, however only when the representation is 
quantitative.  
 
The behaviour of the consumer is a very significant source of uncertainty for 
many products, significantly determining the outcome of comparisons (de 
Haes, 1998). Taking the example of a dining service, one should not make a 
habit of washing the cups under a hot running tap, thereby spoiling the 
intended environmental advantage of the products (reusability) by adding 
unnecessary environmentally-unfriendly impacts of dishwashing, when 
disposable alternatives exist (disposable cups). An interesting factor appeared 
to be the rate of breakage of earthenware dishes. If you supply your own 
dishes for parties, use plastic cups and plates, but in more controlled 
conditions, where longer life (and environmentally-economic dishwashing) 
can be assured, earthenware crockery will win the game in all respects (de 
Haes, 1998). This implies that even by focusing on the behaviour of the 
customers, it is possible to turn necessity into a virtue.  
 
It is possible to determine environmental impact using different eco-
industrial methods, but it is meaningless to measure and compare 
environmental “costs” (impact) only. It is furthermore difficult to normalise 
the different products, to make them exactly equal and this problem occurs 
also when developing completely new products, since the new product is not 
equally the same as the previous one.  
 
In order to adequately compare different design concepts and increase the 
possibility of achieving greater benefits for a sustainable society it is 
necessary to include qualitative aspects in the methods. Therefore the 
representation of functional preferences in eco-design needs to be 
developed. 
 
4.6  ECO-DESIGN METHODS – INDUSTRIAL PERSPECTIVE 
First of all, functionality and customer preferences are poorly represented in 
most eco-design methods or simply rely on these issues being treated in the 
design process anyway (Lagerstedt J, 1999, MacLean H.L, 2000.). Sometimes 
functionality is even forgotten or excluded. Another important issue is to 
define system boundaries i.e. to define the interface between the product 
system and its surroundings and to include system activities relevant to the 
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purpose of the study. It is very important for the consistency and the 
relevance of the study to declare what has been included and excluded, 
especially when comparing different design solutions (Forsberg and 
Lagerstedt, 2001). Today there are no national or international standards, and 
no consensus on which is the best way to approach functional and boundary 
issues.  Though in the international standard ISO 14040 some principles are 
discussed for system boundaries and functional unit. As a consequence, the 
result of any eco-design method is no absolute truth. Since no absolute 
correct method exist, the credibility and usefulness of the results depends on 
how the analysis is presented.  
 
Second, resource refinement and production of performance potential for 
the future are hardly explicit priorities in today’s environmental-assessment 
methods (Karlsson, 1999). Moreover, currently available quantitative eco-
design methods usually require large amounts of time and information to 
understand and compile. This poses major limitations for application in the 
product development process; they have a tendency to enter quite late in the 
design process, when only minor changes can be made. Turning these 
quantitative methods into simpler ones would reduce their reliability and 
correctness, since the information in early design phases is vague and 
imprecise. The amount of time and information required for achieving 
certainty makes quantitative methods less utilisable in the early phases of 
design. Complicated methods, such as LCA, must therefore be used by 
specialists who know how to use these methods and understand the results 
obtained. Qualitative methods on the other hand are less time consuming 
and information-intense, however, they are hard to apply strictly. On the 
other hand performing LCAs and other environmental assessment methods 
are valuable from a pure learning perspective, introducing prior experiences 
into new projects (Ritzén, 2000). 
 
Due to time constraints, designers can’t usually spend much time on 
environmental issues especially not take the time to use the methods and 
tools mentioned above. Many studies show that LCA and other time-
consuming eco-design methods are not useful for the designer since they are 
too complex and time consuming (Evans et al., 1999), (Grüner et. al., 1999). 
Instead designers need more easy-to-use methods adapted to their 
workplaces, and expertise and specific products (Luttropp, 2000). A recent 
study in the electrical industry in the UK shows that due to the diversity of 
skills and time constraints, detailed and technical environmental-analysis 
tools were not favoured by designers. Instead, qualitative tools that were 
quick and simple were more interesting for the designers  (McAloone, 2000). 
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To incorporate environmental improvements, designers need an easy-to-use 
method that puts environmental demands into a design context. This means 
that the method has to be easy to understand, is relatively quick to apply and 
is relevant to the product-development process. Such a method must be 
adapted to the designer’s workplace, expertise and product. Methods 
addressing the whole product-development process, including the early 
phases, are rare. In order to increase eco-effectiveness, new methods need to 
be developed that emphasise the early phases of the product-development 
process (Frei and Züst, 1997). Moreover, it has been found that when 
designers experimented with these methods they experienced that a more 
qualitative approach would be more useful, (Mc Aloone, 2000), and 
especially industrial designers (Lofthaus and Bhamra, 2001) 
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5  FUNCTIONAL DIMENSIONS 
This chapter discusses various methods and concepts used to characterise 
goals, needs and functional requirements, including value analysis (VA), 
quality function deployment (QFD), Kano analysis (KA) and cost-benefit 
analysis (CBA). 
 
5.1  NEED-GOAL-FUNCTION 
To achieve a sustainable society, products must be environmentally adapted 
but at the same time they must also perform as intended and be accepted by 
the customers and the users. Environmental issues have to be put into a 
context of functional preferences, striking a balance between all of the 
demands being put on the new product.  Environmentally- adapted products 
that do not find a buyer, or that don’t work adequately may represent a 
complete environmental failure, and an economic disaster for the company. 
Environmental issues and customer needs must therefore be part of the 
product goals to accomplish the desired function, see Figure 5.1. The 
interpretation of this need-goal-function model is based on a framework 
proposed by Crawley and de Weck (2001).  
 
 

 
 
 
Fig. 5.1 Need-Goal-Function model, (Crawley and de Weck, 2001) 
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User needs are goals from the beneficiaries, which are external functional 
goals. Needs exist in the mind of the beneficiary (user, customer) and are 
therefore primarily searched for outside the company, mainly by marketing 
people. Need is defined as an overall desire or want, a necessity, a wish for 
something that is lacking. It also includes the opportunities to express 
unexpressed needs, and need is often expressed in fuzzy or general terms. 
Quality Function Deployment, QFD, is a commonly used method to capture 
what the customer wants, see Section 5.7.   
 
Product goals are derived from customer needs, corporate strategies, 
regulatory standards, etc. Goal is defined as what the product accomplishes, 
its performance and what the designer hopes to achieve or obtain. 
Consequently goals explicitly constrain form and function. Preferably goals 
are expressed both in qualitative and quantitative terms and are embodied in 
the requirements. To be most effective they should include a measurable 
metric with a target value. Goals can be classified into three classes: pure 
intent (e.g. to be world leading on the market), intent + process (e.g. to keep 
coffee in cups warm by using isolating material), intent + form (e.g. to make 
the product look attractive by using a shiny surface). (Crawley and de Weck, 
2001) 
 
Most important of all system design activities is to define the scope, which 
includes defining the system boundaries i.e. deciding on what is “inside” or 
“outside” a system. Setting boundaries defines boundary conditions and 
translates an open system to a closed one and focuses efforts. It is therefore 
important to define system boundary consistent with the problem. Another 
part of the scooping is to choose methods for selecting and rejecting 
statements for defining constraints, which implies the ability to rank 
alternative statements and priorities on the basis of overall desirability or 
feasibility – purpose analysis. The most useful techniques to establish system 
scope are qualitative (Maier and Rechtin, 2000). 
 
Broadly function(s) are the desired behaviour(s) of a system or a component.  
These are activities, operations and transformations that cause, create or 
contribute to performance (i.e. meeting goals).  
5.2    Functional requirement 
To determine the design objectivities some specific requirements have to be 
defined i.e. product requirements. These requirements are the combined set 
of functions and constraints (e.g. cost, volume, length, weight) that an 
engineered system is supposed to achieve, deliver or exhibit (Crawley and de 
Weck, 2001). 
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There are different kinds of requirements. Ullman (1997) discusses a number 
of major types of requirements; called customer requirements, see Table 5.1. 
 
 
Functional performance 
Flow of energy 
Flow of information 
Flow of materials  
Operational steps 
Operation sequence 

Life-cycle concerns 
Diagnosability 
Testability 
Repairability 
Cleanability 
Installability 
Retirement   

Human factors 
Appearance 
Force and motion control  
Ease of controlling and sensing state 
Physical requirements 
Available spatial envelope 
Physical properties 

Resource concerns 
Time 
Cost 
Capital 
Unit 
Equipment 
Standards 
Environment Manufacturing requirements 

Materials 
Quantity 
Company capabilities 

Reliability 
Mean time between failures 
Safety (hazard assessment) 

 
Table 5.1. Types of customer requirements (Ullman, 1997) 
   
 
5.3   FUNCTIONAL CHARACTERISTICS  
There are many concepts and terms for describing what a device actually 
does. For example: function, behaviour, performance, property and purpose. 
In general, every product has several functions and in many ways, functions 
provide the rationale for the existence of products. In everyday language, an 
object without a function is useless and it has no purpose. This generally 
implies that the function itself is the motivating reason for the existence of 
the product. Furthermore, the product function is very much a mater of 
perceived value by the customer, covering aspects like industrial design, 
ergonomics and so on, which cannot be easily quantified.  
 
A very basic description of the concept function is the collection of 
characteristics that make a product work or sell (Olsson and Perning, 1970). 
By definition, this means it could be either usability or a saleability function. 
A usability function can be described not only by physical, specific, 
qualitative and safety properties, but also by more psychological ones, such 
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as attractiveness. The saleability functions are those characteristics that make 
the product a viable seller and are often a mix between functional 
characteristics and price.  
 
Though function and property are two different approaches to describe 
design solution characteristics, it isn’t always clear whether a specific 
requirement of a product is a function or a property.  As a general rule, 
functions describe the purpose or role of a particular element of a product, 
while properties describe how the product is constituted (Warell, 2000). The 
greater the number of functions specified before design commences, the 
greater the chances that the product will be useable for its purpose(s).  
 
Product functionality is another term used in this context. The functionality 
of a product is the combination of all its effects, functions, properties and 
behaviour that contribute in making the product suitable for its intended 
purpose. In general, functionality can be seen as a value of the usefulness of 
the product, or a measure of the ability of a product to fulfil the user’s 
expectations. However, in strict measures functions are expressed as verb + 
noun or verb phrase + noun phrase. For example, a cork opener has the 
function of enabling a person to remove a cork from a bottle. The verb 
remove tells what the cork opener does, but the term gives no indication on 
how the cork opener accomplishes its function. In this thesis functional 
characteristics correspond to functionality, though both terms are used.  
 
5.4   DRIVING FORCES 
The strongest driving forces or demands on product development primarily 
come from the customer, the technology, or a mix of the two. Ulrich and 
Eppinger make distinctions between “technology-driven”, “user-driven” and 
“technology-and-user-driven” products (Ulrich and Eppinger, 1995). A third 
type of driving force comes from societal preferences such as policies 
attempting to eliminate fuels that decrease air quality through undesirable 
tailpipe emissions. For example tailpipe emission regulations for vehicles and 
exhaust emissions power plants have been very strong motives in product 
development during the last decade. California reduced its standards by 
dramatically lowering HC, CO, and NOx for its certification of new vehicles 
sold in California (Davis, 2000) and even developed a California Low 
Emission Vehicle (LEV) program, which is a set of requirements for new 
vehicle sales that dictates each manufacturer to meet a set of emissions 
standards (Goulias, 2002).  The following interpretation of Ulrich and 
Eppinger’s description of these expressions has been adopted in this thesis.  
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A technology-driven product is primarily characterised by the fact that its 
core benefit is based on its technology, or its ability to accomplish a specific 
technical task. While such a product may still have important aesthetic or 
economic requirements, consumers are most likely to purchase the product 
primarily for its technical performance. It follows therefore that the 
engineering or technical requirements will be paramount, dominating 
development efforts. 
 
A user-driven product is characterised by the fact that the core benefit is 
derived from the functionality of its interface and/or aesthetic appeal. 
Typically there is a high degree of user interaction for these products. 
Accordingly, the user interfaces must be safe, easy to use and to maintain. 
The external appearance of the product is often important for differentiating 
the product from other products, and to create pride in ownership. While 
many products may be technically sophisticated, it is not the technology that 
differentiates the product, though the role of engineering may still be 
important for determining the technical features of the product. As the 
technology is often already established, it is more important to focus on the 
user-aspects of the product. 
 
A technology-and-user-driven product is simply a combination of the 
above two categories. These products have a high degree of user interaction 
and have stringent technical and performance requirements. Rarely does a 
product fit exactly into a given category, with most products falling 
somewhere in the spectrum.  
 
Though the technology used may be well established, and the product 
embodied with a high degree of user interaction, users do not always know 
what they want, and so the product cannot be completely user-driven. In 
contrast, technology-driven products must be adapted to the users’ needs. In 
this regard, most products can be seen as technology-and-user-driven.  
 
5.5   CUSTOMER BENEFIT  
Sustainable product design must take into account the economic reality and 
the technical feasibility of developing the product and its system borders, 
making sure not to miss the most important of all factors - the benefit to the 
customer. A prerequisite for product success is that a product is able to 
deliver the perceived benefits to the customer. Thus, products offer benefits 
when they satisfy needs (Ulrich and Eppinger, 1995). Customer requirements 
must be fulfilled. For example a vacuum cleaner that does not suck up dust is 
useless even though it may have a low environmental impact. 
 



 58                                  Jessica Lagerstedt 2003 
 
 

When customers buy products, they do not base their decision to buy on a 
single criterion (the main function), but on several. As most of the products 
in the same product group fulfil the main function, customers will choose 
products that satisfy their personal desires, which could be aesthetic, price or 
quality related. Therefore customer requirements also need to be taken into 
account and related to environmental impact. However customers do not 
always know what they want or what they need, nor behave the way they say 
they will. For example, when surveying customer demands with respect to 
saucepans, customers want the pans to have good ergonomic performance. 
Despite this, they don’t buy saucepans for their ergonomic efficiency because 
other criteria mask it. In fact understanding customers goes beyond listening 
to them. People have needs and desires they may not be able to express 
because there is no existing product to reference. A research group at 
Cranfield University has published an Empathic design tutor to gain in-depth 
insights about users and customers (Evans et al, 2002). To capture the in-
context behaviour that people normally don’t report the research group 
suggests filming the actual situations when the product is in use. The film 
will uncover how the product is really used rather than how designers design 
it to be used. 
 
For most design situations there are more than one customer. For many 
products the customer is also the consumer.  Which are the people who will 
actually be buying the product will most probably be using it too. In this case 
the customer is the same person as the user. Sometimes the word beneficiary 
is used to emphasize that someone benefits from the product. As the 
perception and needs of the society are often different from those of the 
users, customer and beneficiary can be divided into two: user and society. 
However, the users are the representatives of the society and one would 
therefore expect the society (a group of users) to have the same opinion as 
the single user. Hence there would be no distinction between user and 
society. Unfortunately, it is not as simple as that; many times people do 
change opinions or behaviour from when they represent themselves to when 
they represent a group or the society. For example, the need for 
environmentally adapted motor-driven lawn mowers from the perspective of 
the society is not the same as from the perspective of the user. Society 
probably cares more about the exhaust emissions from the lawn mower than 
the user, while the user is more interested in a nice lawn. This opinion 
paradox therefore has to be considered. 
 
The public’s interests are unavoidably diverse and often incompatible, but 
nevertheless important. An important characteristic for a user is that he or 
she interacts with the product in some way. Furthermore, there is usually 
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more than one class of customer to be considered during design. On the one 
hand the customer can be any person who interacts with the product, 
including external customers and stakeholders (someone in sales or service), 
an operator that assembles the product, or an end–user (Ullman, 1997). On 
the other hand, people working for the society e.g. nurses in a hospital, often 
represent the user of a product, in this case medical equipment, while the 
customer could be the management at the hospital or some state politicians.  
Society’s perspective is in that sense much broader and also represents the 
public opinion. It must be stated though that no political or cultural issues 
are regarded in this thesis. 
 
Kotler among others studied how customers make their product choice. In 
order to estimate which offer that will deliver the most value i.e. maximise 
the value within the boundaries of search, he describes customer delivered 
value as total customer value minus total customer cost. Total customer 
value is a mix of reliability, durability, performance, resale value, service, 
delivery, training, maintenance and corporate image and total customer cost 
is explained as monetary cost, buyer’s time, energy and physics cost. Many 
other factors influence the buyer’s choice of course, such as culture, social 
group, family, status, age, profession, economy, life-style and reference 
groups. (Kotler, 2000) 
 
While many researchers focused on how to create customer value with a 
more economic approach this thesis concentrates on the interaction between 
the end-user and the product and tries to establish a product value. Value can 
here be described as delivered function when the external process acts on the 
operand in such a way that the intent of the beneficiary is fulfilled (Maier and 
Rechtin, 2000). 
 
The end-user is an individual who for a particular reason interacts with the 
product during its usage-phase. In the context of consumer products, the 
user is often but not always the same person as the customer (the person 
who actually buys or orders the product). Importantly, the words user and 
society will be used from here on. Though society orders and buys products 
daily (i.e. are customers) customer and user will be regarded as the end-user 
and one in a same person. Society will represent a broader perspective 
including the opinion of the public.   
 
There are various methods for trying to find out what the customers actually 
want and need. Different methods representing customer benefits are now 
entering eco-design. One of the most significant of these procedures is 
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QFD, bringing the voice of the customer into product development. QFD 
and KA (actually a part of QFD) are discussed further below. 
 
5.6   VALUE ANALYSIS  
VA is a concept used for evaluating the functions of a product in respect to 
their monetary costs. Furthermore VA is a structured, systematic and 
creative method of obtaining the necessary functions of a product at the 
lowest financial cost. VA emerged from rationalising philosophies in the 
USA in the mid 20th century and is based on numerous well-known methods 
and techniques for cost reduction. One of the first people to describe and 
apply it in modern terms was Miles, at General Electrics (USA) (Olsson and 
Perning, 1972).  
 
Traditional rationalising (cost reduction) philosophies ask basically the same 
question:  
 
“How could we manufacture this product at a lower price?” 
 
VA however attempts to turn this somewhat defensive and negative 
viewpoint into a more positive and proactive approach by establishing a 
value for the product, which strongly supports the most important functions. 
VA begins by asking the following set of questions: 
 

• What is the product? 
• What is the function of the product? 
• What is the value of the main function? 
• What are the alternatives for fulfilling the different functions of the 

product? 
• What is the cost of these alternatives? 

 
Generally speaking, value is a relative and subjective concept lacking 
objectivity, and   is therefore difficult to define and quantify. However value 
as it is used in VA represents a standard, for evaluating the probability of 
cost levels or the potential difference between existing cost levels and the 
optimal solution.  
 
From a user’s / consumer’s perspective value has been defined as the lowest 
price you have to pay at a given time and place to fulfil a required function or 
service with a certain level of quality.  
 
 
 



 61                                  Jessica Lagerstedt 2003 
 
 

Vc = f (U,A) / P                                   (Eq. 1) 
 
U = usability function 
A = attractively function 
P = price 
 
This includes all the tasks required to secure the desired function.  
 
From a producer’s perspective value has been defined as, the lowest cost one 
has to pay at a given time and place to fulfil a required function or service 
with a certain level of quality 
 
Vp = f (U,A) / C                                   (Eq. 2) 
 
U = usability function 
A = attractively function 
C = cost 
 
Hence, the value increases if the function increases and/or if the price/cost 
decreases. 
 
As mentioned earlier, every product contains several functions, which have 
to be grouped according to relative importance. In VA there are two distinct 
function groups: 
 
Main functions: those characteristics deemed absolutely necessary to 
successfully fulfil the product or service effect. 
 
Secondary functions: those characteristics that improve the effect of a 
product or service. 
 
Most products fulfil one main function only, with all their other functions 
being secondary. VA generally aims to reduce the costs associated with 
secondary functions, eliminating any unnecessary secondary functions and 
associated costs. 
 
As VA is a qualitative discipline, practical training is very important. Being 
qualitative, it should therefore be regarded as more of a guiding philosophy 
rather than a fixed method or technique. The main thrust is not to aim at 
producing as high a level of quality as possible, but producing the right 
quality. Once the product quality is right, one should then strive to produce 
it at as low a cost as possible. This method is still rare in eco-design. 
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5.7   QUALITY FUNCTION DEPLOYMENT  
The goal of understanding a design problem is all about translating customer 
requirements into a technical description of what needs have to be addressed 
in the design. In this respect a key issue is determining who the customer is. 
QFD was conceived in Japan in the late 1960s, during the era when Japanese 
industries broke up from their post-World War II mode of product 
development through copying (Akao, 1997). This is one of the most 
significant methods for introducing customer requirements (often called the 
voice of the customer) into product development (Ullman, 1997). QFD is a 
product-development method for visualising and planning a new product.  It 
is mainly used to identify customer needs and desires, and to translate these 
into product expectations, which go on to become the design requirements 
(Clausing, 1994).  
 
QFD is applied in steps forming a matrix, called the House of Quality or QFD 
diagram (see Fig. 5.2). The diagram has eight fields, each representing a 
different facet of product planning. These can be interpreted as being rooms 
in a house, hence the name. The “building” of the house of quality is complete 
when the rows and the columns have been filled with all the necessary inputs 
and outputs. The inputs in this case represent the voice of the customer.  

 
Figure 5.2 House of Quality (Clausing, 1994) 
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The procedure begins with Room 1, identifying who the customers are. This 
is achieved through a process of collecting information about what the 
customers actually require, expressed in the language of the customers, 
indicating both needs and desires. The customers typically want a product 
that works as it is supposed to, that lasts for a long time, which is easy to 
maintain, looks attractive, that incorporates the latest technology and has a 
host of features.  The next step is to determine how to measure the ability of 
the product to be able to satisfy customer requirements, capturing customer 
perspective in the corporate language in Room 2. To overcome traditionally 
poor translation from customer language into corporate language, the House 
of Quality includes the relationship matrix Room 3. Room 4 and 5 deals with 
customer and technical benchmarking. Several product specifications are 
generated and each pair of specifications are examined for interference or 
reinforcement in Room 6, the attic. In Room 7 the importance of each 
corporate expectation is weighed up against the expected difficulty in 
achieving it. Room 8 is the final objective for the entire House of Quality 
activity, quantifying the corporate expectations for the new product.  
 
The essence of the customer requirements, first initiating and then running 
through the procedure, provides the basis for a commonality of purpose. 
Customer needs, desires and requirements are evaluated by identifying the 
customers, collecting information, characterising the information into 
different categories, and then developing a picture of the customer. As a 
result, further insight into customer needs is gained, characterising for 
example, what is of most importance. Kano diagrams, which are elaborated 
on below, are also often a feature of QFD. 
  
5.8   KANO ANALYSIS  
A model of customer satisfaction, often used in QFD, is the Kano model 
developed by Prof. N. Kano in the early 1980s, (Ullman, 1997). KA uses a 
diagram for characterising customer needs. Customer needs can be divided 
in three principal categories and represented in a diagram (see Fig. 5.3). The 
three categories of customer needs are: 
 
• Must have 
• Linear satisfier 
• Delighter 
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Figure 5.3 Kano diagram 
 
The must-have requirements represent product features that the customer 
expects to receive. When this product need is not adequately addressed, the 
customer experiences dissatisfaction. This is represented by the lowest curve 
in the diagram. An important distinction here is that no matter how well a 
product function is performed, it is still expected by the customer, yet where 
the same need is not adequately fulfilled, the customer reacts with 
dissatisfaction. Taking the example of a motor vehicle, where the customer 
simply expects the paint to maintain its appearance and accepts it while it 
continues to do so, showing little increase in satisfaction. However, should 
the paint fade, the customer would quickly become dissatisfied.  
 
The second type of need, the linear satisfier, is characterised by the 
relationship - the better the fulfilment of the need, the greater the customer 
satisfaction, is represented by the linear curve through the origin in Figure 
5.3. A simple example would be fuel consumption, where the customer 
expects to achieve an average fuel consumption figure, however becomes 
increasingly satisfied as the distance travelled per litre of fuel increases. 
 



 66                                  Jessica Lagerstedt 2003 
 
 

The third type of need, the delighter, is typically something not even expected 
by the customer; therefore its absence causes no customer dissatisfaction. As 
opposed to the expectations in the must-have requirements, the customer 
may delight in the discovery. Substantial achievement in design tends to 
bring delight to the customer. Take for example when mobile phones were 
new on the market.  Being able to choose different ringing signals can be 
seen as a delighter at the time, as this was not included in customer 
expectations. Discovering the extra signals was able to contribute to 
customer enjoyment (delight). 
 
The Kano diagram is prepared by characterising the customer needs into the 
types mentioned above. These are obtained by customer questionnaire. Two 
forms of the same question are asked for each customer need - one being 
positive and the other negative, as in the following example: 
 
• Positive:   If the mobile phone has a multiple choice of ringing signals, 

how would you feel? 
 

• Negative: If the mobile phone does not have a multiple choice of ringing 
signals, how would you feel? 

 
The customer is provided with five answer options: 
 
(1) I would like that. 
(2) It should be like that. 
(3) Neutral. 
(4) I could live with it like that. 
(5) I would dislike it. 
 
The answers are then interpreted using the Kano diagram in Table 5.2. 
Interpretation can be explained using response (1) to the positive question 
about the ringing signals, being ”I would like that” and response (4) to the 
negative question, being “I could live with it like that”. Entering these 
responses in the matrix in the first row and fourth column reveals that the 
multiple choice of ringing signals is a customer delighter.  
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 Negative Statement 
  1 2 3 4 5 
Posit
ive 

1 Q D D D L 

State
ment 

2 R I I I M 

 3 R I I I M 
 4 R I I I M 
 5 R R R R Q 

     
Table 5.2 Kano interpretation, Customer requirement is: D-delighter, M-must have, R-
reverse, L-linear, Q-questionable result, I-indifferent 
 
5.9  COST-BENEFIT ANALYSIS 
Cost-benefit analysis (CBA) is an economic method to measure and balance 
both costs and benefits in a socio-economic perspective. Historically the 
method originated in 1848 with a French engineer, Jules Dupuit. But in 
practice CBA developed in 1936 when U.S Corps of Engineers was forced to 
carry out projects for the improvement of the waterway system when the 
total benefits of a project to whomsoever they accrue exceed the cost of that 
project. Thus, the engineers had to create systematic methods for measuring 
such benefits and costs. This was done without any assistance from the 
economics profession and it wasn’t until 1950’s that economists tried to find 
methods for measuring both benefits and costs for projects. (Watkins, 2002) 
 
The method includes non-monetary factors such as time and reducing risk of 
an accident and can be regarded as societal investment method, thus to 
calculate whether a project is worthwhile. For example when planning a new 
road, dams or health care systems CBA takes into accounts not only 
monetary costs, but also travelling time, accident risk, etc. An increase in cost 
has to be compared with economic benefits such as an increase in traffic 
safety.  
 
Moreover, CBA is based on national economy and uses market prices and 
individual preferences for evaluation of both costs and benefits. First of all 
an economic welfare reference is chosen, including a zero-alternative, and 
the project is defined. Then positive and negative effects on the society at 
different times are identified and evaluated both quantitatively and 
qualitatively. These effects are then converted into present values in 
monetary terms and summarized as costs and benefits to be compared with 
the zero-alternative. It is however difficult to measure and put a correct price 
on the benefit e.g. to evaluate the benefits for reduce of risk of accidents and 
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timesaving in monetary terms. Furthermore, many interest groups are 
involved, which makes the situation even more complex.  (Mattsson, 1970) 
 
Companies, organisations and authorities for prospective studies and 
planning projects mainly use CBA. Some environmental evaluations have 
been included in some analyses, but implied great uncertainties since persons 
with limited knowledge about eco-systems made the evaluation, (Moberg et. 
al., 1999).  
 
Though this is not a socio-economic thesis, the concepts presented have 
been strongly influenced by the philosophy of cost-benefit analysis.  
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III  RESULTS 
 
This part of the thesis presents the results of the research project 
underpinning the thesis. The results are divided into three parts: functional 
characterisation, environmental characterisation and functional 
environmental correlation. Furthermore, several case studies have been 
conducted to develop and test the concepts. The contributions presented 
here include not only a summary of the background and the basis for a new 
functional representation in eco-design, but also presents the new concept in 
detail. 
 
6   INTRODUCTION AND ORIENTATION  
This research originated as a critique against the under-representation of 
product functionality in eco-design methods, especially functional unit in 
LCA. In effort to achieve closer alignment with characteristics related to 
functionality of the products and commercial viability while performing 
DFE, a new concept for finding what improvements of environmental 
design to be focused on, has been developed. This was the first part in 
finding links between and balancing environmental impact and functionality. 
The specific objective of this concept is to expand the representation of the 
functional description of the product within design-for-environment 
methods. This is achieved through putting the environmental issues in a 
functional-criteria context within the product-development process. See 
chapter 7. 
 
The second part investigated environmental assessment methods and 
concepts to create a balance between the new functional concept and the 
environmental impact of the product. The main goal is to systematically 
incorporate functional and environmental consideration altogether, early in 
the product design process. See Section 11. 
 
The third part constitutes a framework for balancing environmental impact 
and functionality i.e. establish correlations between the two concepts created 
in part one and two. Overall the concept can be used for visualising and 
communicating links between environmental impact and functional 
requirements at a level that everyone involved understands. Ultimately this 
will guide designers in identifying opportunities to optimise their products 
from a functional-environmental perspective. See chapter 9. 
 
Additionally, several case studies have been conducted to test and enhance 
the above concepts. One case study investigated measurements of customer 
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benefits see Section 11. Two case studies illustrate specific and customised 
examples on how to perform the overall concept see Section 11.  
 
Early design phases create major possibilities to change products for a 
sustainable society, characterised by creativity, ambiguity and complexity. 
These factors were therefore key elements when developing the new 
concepts. Overall, the concept provides a compass bearing, showing the 
direction to focus on, rather than being overly precise. Instead of painting a 
detailed quantitative picture of the problem, the concept is qualitative and 
pragmatic.  
 
It must furthermore be stated that the whole concept is simple and focuses 
on the product in use-phase, or more specifically the early design 
expectations on the soon-to-be-developed product. Moreover it concentrates 
on the level of the whole system and does not primarily take into account 
detailed levels such as part level. However it requires basic design knowledge, 
creativity and a good understanding of the product from a user’s point of 
view. To avoid confusion and retain early design simplicity, specific 
extraction, production and recycling methods, like treated in for example 
LCA, are not accounted for in this thesis. 
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7 FUNCTIONAL CHARACTERISATION 
 
7.1  THE FUNCTIONAL PROFILE CONCEPT  
As mentioned earlier in the thesis, it is important to address the benefit to 
the customer while considering the environmental impact of the product. 
Moreover, environmental demand must coexist with all the other design 
requirements and constraints within the product-development process. To 
achieve closer alignment with the product’s functional requirements and 
properties while performing DFE, the FP was first proposed in 1999 by 
Luttropp and Lagerstedt (1999). A key element of Functional Profile is to 
describe and evaluate properties, areas and activities that are associated with 
product functionality and commercial viability. This is a systematic way of 
adequately incorporating necessary and important functional properties at 
the lowest possible environmental cost (see Figure 4.3). 
 
FP focuses on the product and its benefit to the customer but also of the 
expectations of the society and the company, identifying the most and the 
least important requirements characterising the product functionally. Using 
the metaphor with the balance sheet one can say that FP contributes to 
describing the income side.  
 
7.2   THE FUNCTIONAL PROFILE FRAMEWORK  
The various elements of this new conceptual framework are presented in 
accordance with their theoretical and practical background and foundation. 
Different methods and concepts available within engineering design theory 
to analyse functional requirements have been investigated. More specifically, 
Value Analysis (VA), Quality Function Deployment (QFD) and Kano 
Analysis (KA) have been studied and case studies performed. 
   
According to the literature review (Section 4.5), functional priorities are 
poorly represented in eco-design.  Most of the research within DFE focuses 
mainly on how to reduce environmental stress resulting from products, 
isolating various different environmental issues. Though environmental 
requirements are important, products must still perform well to be accepted 
by the market. If they don’t, they are superfluous and might result in a 
greater environmental impact than if they were not produced at all. Since all 
products have an impact on the environment, a product that does not work 
or sell establishes no functional “income”, but the product still cause an 
environmental impact through use of material and energy. This makes their 
very existence open to question. It is therefore important to put the product 
into its user context. Unfortunately representation of functional 
characteristics is lacking in eco-industrial methods, as at times is the 
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importance of customer preferences in respect to environmental demands. 
The under-representation of functional requirements in eco-design provided 
the impetus and foundation for this thesis, which aims to establish a balance 
between functional income and environmental cost (see Fig.4.3).  
 
Compilation of the theoretical background presented in earlier chapters, 
established the following constraints on which the FP concept is based. First 
of all, products exist to fulfil their main function, though the functionality of 
the product usually consists of more than just the one main function (such as 
ergonomic-, safety- and economic related functions). Functionality identify 
and encompass those properties and areas important for making the 
products work and sell, which naturally includes more than just the one main 
function. As most products have a high degree of human interaction, it is 
important that their development is undertaken, as far as it is practicable, in 
the context of the user, thereby guaranteeing utilisation of the product for its 
intended purpose. In other words the main consideration of the product 
concept is the product use-phase.  
 
Due to time and other constraints placed on designers, they are not able to 
fulfil the role of environmental experts, nor should they. Designers usually 
do not possess adequate environmental expertise or information, keeping in 
mind that they are required to address a lot of other requirements over and 
above the environmental ones. Practical demands dictate that designers are 
not able to spend a lot of time on environmental issues. Eco-industrial 
methods used by designers must therefore be tailored to the everyday 
situation facing designers. The methods must be easy to understand and not 
too time-consuming when applied. In interviews conducted within the 
framework of this thesis, designers argued that: “even if designers get results and 
recommendations, they want to be rather free in their work.” (Lagerstedt and Grüner, 
2000).  
 
Since the contribution of knowledge is low in early phases of design of new 
products (see Fig. 3.2), the FP only includes a few general functional 
categories. It is believed that the capacity of the short-term memory is 
effectively limited to seven chunks of information (plus or minus two), 
which was first described by Miller (1956) in a paper titled “The Magical 
Number Seven, Plus or Minus Two”, (Ullman, 1997). That is, a person can 
only deal with seven, plus or minus two pieces of information in her/his 
mind (short-term memory) at one time, which also supports the idea of a few 
general categories. These key categories represent the central functional 
priorities in the early phases of design (general properties identified as 
fundamental for product functionality and sales success). FP is qualitative 
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and pragmatic in its approach, aiming at quick and easy understanding and 
application by the designers themselves.  
 
Ullman (1997) identifies seven groups of customer requirements: functional 
performance, human factors, physical requirements, reliability, life-cycle 
concerns, resource concerns and manufacturing requirements. Most of these 
are considered in the functional profile concept, but arranged a bit differently 
though. The concept primarily focuses on the product when in use. Even 
though manufacturing viability (both economically and practically) is a 
constraint for a new product’s profitability, manufacturing processes are not 
considered in the functional profile concept. Inclusion of manufacturing 
processes would only make the concept more complicated. However, aspects 
considered in FP do influence manufacturing as product characteristics 
considered in FP propagate down to production and manufacturing. 
Manufacturing could therefore be seen as secondary. 
 
Even though the FP primarily is based on criteria relating to user benefit, it 
also takes benefits to the society and the company into account. According 
to the need-goal-function model in Fig 5.1 goals are derived from customer 
needs, corporate marketing strategies, competitive environment and 
regulatory standards.  Goal is defined as what the product accomplishes, its 
performance and what the designer hopes to achieve or obtain and can to 
some extent be regarded as a commitment or declaration of the designer’s 
main concerns for the new product. User needs are goals from the 
beneficiaries, societal needs and regulatory standards can be considered as 
societal goals, and corporate strategies and competitive environment are 
related to company goals. In this thesis all these goals are considered related 
to external delivered function and can therefore be considered as the 
designer’s interest and responsibility areas. The idea is to compile these goals 
and interest areas in the FP.  
 
VA, QFD, and KA influence these approaches. According to the 
relationship between rationalisation and VA, rationalisation aims mainly at 
cost reduction, while VA establishes a value for the product itself, strongly 
supporting the most important functions and aiming at obtaining these 
functions at the lowest possible cost. Hence, compared with most eco-design 
work done today, DFE aims at lowering the product’s environmental impact, 
sometimes even ignoring product-value and benefit to the customer. 
However, incorporating VA into this would allow DFE to work in a more 
constructive way, commencing from the functionality of the product and 
then estimating the lowest environmental-cost for achieving these, instead of 
the opposite.  



 74                                  Jessica Lagerstedt 2003 
 
 

 
The FP therefore does not follow the traditional focus in the reduction of 
environmental stresses embodied in the question:  
 
“How can we reduce the environmental impact of the product?” 
 
Instead, the FP asks: 
 
“What are the functional priorities of the product and what is the 
lowest environmental cost we incur while obtaining them?”  
 
The FP’s rather basic approach can be further broken down into the 
following questions: 
 
• What is the product? 
• What are the most important functional categories? 
 
As with VA, FP also strives to achieve the “right” quality (not too much, not 
too little), striving to achieve it at as low a cost to the environment as 
possible.   
 
In QFD, customer needs, desires and requirements are identified, evaluated 
and characterised into different categories, building a picture of the 
customers. These aspects are also included in the FP. Though customer 
satisfaction or preference within the FP is not solely based on what the 
customers want. The FP also addresses other important aspects of the 
product, such as environment, even though this may not be a customer 
consideration. Hence the FP is not based on a customer survey. Instead, the 
concept asks the designers themselves to put the product in the context of 
the user. KA has exerted an influence on the FP by facilitating the optimising 
and balancing of all the various relevant functions with customer satisfaction 
levels (must-have, linear satisfier and delighter). 
 
7.3 DEVELOPING THE FUNCTIONAL PROFILE CONCEPT 
Additionally to the literature review several case studies were performed 
enhancing and testing the functional profile concept.  
 
A case study on functional priorities looking at customer contra designer 
preferences was undertaken in the Stockholm area of Sweden in late 1998 
and early 1999 (Lagerstedt and Luttropp, 1999). The study was aimed at 
enhancing and testing the proposed FP concept in early phases of the design 
process. Ericsson Mobile Communication AB, a Swedish company in mobile 
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telecommunication equipment for commercial users, together with two of 
their radio equipment systems formed the basis for the study. One of the 
systems was portable and the other vehicle-mounted. These radio equipment 
systems are used by commercial interests and services, including police and 
fire services, trucking companies, customs and municipal authorities. One 
part of the project was undertaken as a master thesis at the Royal Institute of 
Technology, Stockholm (KTH), and involved performing an LCA on these 
radio systems (Book and Cobdal, 1999). The other part of the project (this 
specific case study) investigated measurements of customer benefits, and 
representations of functional priorities in intermedite design phases.  
 
Customer preferences for functional requirements were investigated through 
interviews and inquiries. A few key people from each user category (police, 
firemen, truck drivers, and municipal personnel) were interviewed, and user 
demands with respect to the radios were mapped in the FP in early design 
phases. As the survey progressed it became possible to build up a more 
detailed picture of the criteria used in the FP in these design phases. As the 
products being studied already existed at the time, this made it interesting to 
create a more detailed picture of the customers already using these types of 
radio equipment and their respective requirements. Results from the 
interviews formed the basis for the inquiry. In total, 43 respondents 
representing the various groups (police, firemen, hauliers and customs 
officials) formed the basis of the inquiry, which subsequently consisted of 16 
different requirements pertaining to the vehicle-mounted and the mobile 
radios respectively. Each respondent in turn and under the author’s 
supervision, chose their ten most important requirements from the list and 
ranked them from one to ten (where one represented what the respondent 
believed was the most important requirement). The information gathered 
from the radio users was suitable for further description of the FP in 
intermediate phase of the design process. 
 
The different types of customer categories gave roughly the same 
requirements top priority, though it was quite clear that the rescue services 
placed reliability above all because the radios are critical for saving lives in 
their professions. The five most important requirements identified by most 
of the users all related to reliability: sound quality, durability, set-up time, 
range, and being easy to use and understand. Corresponding with the 
findings from the inquiry, all the respondents expressed that they preferred a 
simple, robust and reliable radio with just a few, easy-to-understand 
functions, preferably with just one button. 
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Another interesting observation was that many of the participants in the 
inquiry expressed that they had never been asked about what specific 
demands they would make on this type of equipment, and were happy to 
provide their opinions.  In many cases, they relied on these radios in their 
jobs. One respondent responsible for radio equipment within his 
organisation stated the following: “I have been working with radio equipment in this 
field for more than 20 years and nobody has ever asked for my opinion or requirements 
from this type of equipment”.  
 
During the same period that the above information was being gathered, 
designers of similar radio equipment were being interviewed to provide a 
comparison of customer and designer requirements for the radios. A plan 
and interview guideline were drafted based on an approach contained in 
“The Qualitative Research Interview” by Kvale (1997). As prescribed by 
Kvale (1997), these were followed by two semi-structured interviews, which 
were tape-recorded and translated into written text and analysed. The main 
questions used in the designer interviews were:  
 
What users do you have in mind when designing this type of radio equipment?  
What were the most important functional requirements made on the radios and how did 
you achieve these?  
 
In addition to the interviews, the designers were asked to provide responses 
to the same questionnaire used in the customer inquiry. Results from these 
interviews showed that the designers saw the firemen as the most important 
user category, mainly because they operate in an extreme working 
environment, subjecting the equipment to great stress. The designers’ second 
most important group was municipal personnel. The designers wanted to 
supply the equipment to as large a group of users as possible, including the 
police, the mining industry and railway personnel, and so they focused 
mainly on the human-machine interface, using flexible software solutions, 
providing as many functions as possible. Reliability, aesthetics and 
robustness, ensuring the product would work no matter what the situation, 
were considered to be key requirements. These key requirements were 
developed by the designers after putting themselves in the role of the 
firemen. Furthermore, user-friendliness, durability, radio size, working range 
and the quality of the sound (from the questionnaire responses) showed that 
the designers had an accurate picture of their customers’ requirements. 
Interestingly, and in apparent contradiction to the flow, the users/customers 
and designers could not agree on the properties defining user-friendliness, 
which both groups saw as very important. Basically, the users believed that 
software containing many functions was complicated and difficult to use, 
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therefore negative, with the designers believing the converse, that having 
many functions is advantageous, creating flexibility in the product and 
facilitating supply to a broad group of users. In addition, the designers 
believed that the radios were simple to program and easy to use, which was 
not substantiated by user experience (Lagerstedt, 1999).  Obviously, clear 
communication of product requirements is a key feature in product 
development in general, but this is especially critical in eco-design since 
environmental requirements are not top-priority for designers. 
 
Although this study focused on one product only, it still showed important 
facts enhancing the FP, allowing the FP then to be used for screening 
general functional properties in early design phases. In addition to this, a 
detailed picture of the customer (compiled through customer surveys) was 
also useful for gaining a further understanding of the requirements in 
intermediate design phases, and therefore increases the detail in the FP.   
 
The second case study investigates company internal communication in 
design for environment and is based on a survey with two companies in 
German and Swedish industry. The survey focused on experiences of DFE 
and communication and transformation of environmental information from 
environmental experts through the product development organisation. An 
interesting observation was that most people from the management believed, 
that environmental issues should be concrete, measurable, and not take to 
much space in the product specification. While the designers wanted some 
simple rules of thumb adapted to the daily life of the designer i.e. 
information that is easy to understand and fast to read, and as far as possible 
can give feedback on changes due to environmental demands.  Designers 
participating in the case study expressed that the functional profile could be 
used as a pedagogical tool to describe the picture in the back of their head 
and to visualise priorities. (Lagerstedt and Grüner, 2000) 
 
The functional profile represents the total product benefit and takes user, 
society and company interests into account concurrently. More specifically, 
one can say that the functional profile is a representation of the designer’s 
product responsibility to the users, the society and the company.  Primarily 
this is not a full representation of what customers, society and the company 
wants, but a characterisation of the designer’s responsibility areas from a 
product perspective.  
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7.4    THE FUNCTIONAL PROFILE – CREATION AND APPLICATION  
In order to optimise a product from a sustainable-development point of 
view, the designer should view the process from the position of the product. 
This involves considering the interaction between the user and the product 
or indirectly the society and the product, but also to some extent the 
company and the product. Most important for the user is of course that the 
product works for its intended purpose, which is incorporated in the main 
function, but also in bi-functions related to purchase price and styling for 
example. Society on the other hand puts more public requirements where the 
society as whole benefits from the product for example life saving devices 
such as ambulances, respirators and halon-fire equipment. Other societal 
requirements could be regulation release of toxic substances, emission 
control on fossil fuel vehicles and extended producer’s responsibility. Thirdly 
one of the main interests to the company is money, which requires the 
product having the right price, meeting the right market niche and corporate 
goals. Overall one could say that these requirements map the designer’s 
responsibility for the new product.    
 
This concept therefore includes properties that are not necessarily 
considered by the customer. These aspects provide the starting block for the 
FP. The FP initially characterises the functionality of the product from the 
user’s perspective, but also societal and company’s perspective. The profile is 
created independently of the environmental impact. These initial 
characteristics will then be related to early design environmental 
characteristics, which will guide the designer in attempting to achieve the 
specific properties creating as low an environmental impact as possible.  
  
The FP is composed of (a) a Functional Description (FD) and (b) a set of 
functional categories.  Figure 7.1 shows the most aggregated form of the 
functional profile. 
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THE FUNCTIONAL PROFILE (+) 
 
Functional Description: 
 

Functional category Value (0-10) Comment 
A) Physical lifetime 

 
  

B) Use-time    

C) Reliability   

D) Safety 
 

  

E) Human/Machine   
     interaction 

  

F) Economy   

G) Technical flexibility   

H) Environmental    
      demand 

  

 
Figure 7.1 The Functional Profile 
 
The main function of the product is represented in the FD, and the 
secondary functions are represented in the functional categories. The 
functional categories constitute the bulk of the FP, which explains why they 
are sometimes referred to as the FP. The FP consists of eight parts, although 
the number of categories has changed over time and the parts can also be 
broken down into sub-parts. Broadly speaking these categories characterise 
the designers’ responsibility areas for the product in the early stages of the 
product-development process, and the value of each category is based on the 
purpose and field of application of the product. It is therefore important to 
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estimate these values independently of any imagined environmental impacts. 
It is also important that the different functional categories are developed to a 
suitable degree; that is, neither too much nor too little. A major factor when 
considering functional priorities is primarily to keep the user in mind. Even 
though it is too early to perform customer surveys to establish a detailed 
picture of the customers, it is still useful to utilise experience gained from 
earlier projects, putting oneself in the role of the user or even the society and 
the company. The FP is however mainly concerned with the primary 
functions for product functionality and commercial viability i.e. the primary 
user(s) and the area of application, since secondary functions and users are 
difficult to identify and interpret. Society is here used as a broad and general 
term for governmental interests, non-governmental interests, and public 
opinion. 
 
Functional description  
The functional description (FD) describes the main function of the product, 
which is the most important rationale for the product, but FD also identifies 
the main user of the product. FD is preferably expressed in a well-described 
single sentence (see the top of the table in Fig. 7.1). In the example of a car 
for transportation, it could be to convey a family from point A to point B; 
for a coffee machine it could be to make coffee for domestic purpose.  This 
description is mainly used to keep the most important function in mind, 
highlighting it as the central task for the product.  In the example of the 
radio for rescue service FD is described: to communicate talk at any time 
under any circumstances used by firemen and rescue service, but for the 
mobile phones FD is expressed: to communicate talk, text, pictures.  
 
Functional Categories 
Customers do not usually choose to buy products based solely on the main 
function. It is often the secondary functions that satisfy customer desire, 
such as properties related to price and aesthetics e.g. to make impression on 
people, to satisfy the economy of an average earning family in Sweden. 
Furthermore products have different levels of interest from a societal 
perspective. An example comparing a car and an ambulance can illustrate the 
situation; the ambulance helps injured people to get safe transportation to 
hospital and therefore has a much higher societal interest than the car. But 
the company also have an interest in the commercial viability of its products; 
if the market does not accept the products at all the company will make no 
money, hence there is no company.  
   
The functional categories represent different kind of properties and 
responsibility areas essential for product functionality and commercial 
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viability, for example good ergonomics, aesthetics, reliability and price. The 
most important properties to be evaluated have been identified. This is a 
simple description of the benefits of the product to the customer, and why 
the product is expected to attract customers. It is important to put the soon-
to-be-developed product into its correct use-context, in other words, 
envisage the purpose of the product and decide how important the different 
functional categories are for the user/society concerned. This evaluation 
should be done independently of the environmental impacts expected to be 
caused by the product. Even from an environmental point of view, it is 
important that the most significant functions are fulfilled, as a product that 
doesn’t perform as intended will not be useful and is therefore incapable of 
justifying its existence, no matter how low the environmental impact. The 
functional categories will be described in detail in the following paragraphs.         
 
Functional Categories - evaluation 
Every functional category is qualitatively evaluated, indicating its importance. 
The value is entered into the field after each category (column two in Fig. 
7.1). Moreover, these values are based on actual values rather than set points. 
Information from earlier projects and products contribute to the evaluation 
of the categories, but the information is aggregated into early design, thereby 
creating a wider trade space see Figure 7.2.  Furthermore, the values are 
qualitative rather than exact (not quantitatively-determined), and indicate the 
relative importance of each category. 
 

 
Figure 7.2 Product information from detailed design phases creating high-level actual 
values early design.  
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Every functional category is given a value of 0 to 10 using a graded ordinal 
scale. The scale is graphically shown as a form of a thermometer, which 
makes it easier for the respondent to read off (or read in), see fig. 7.3. The 
structure of this type of scale can also be called manifest scale, since the 
symbols are integers on straight line and the manifestation of the values are 
mapped, (Galtung, 1967).   
 
 
 
 
 
 

Fig. 7.3 Ordinal manifest scale shown as a thermometer 
 
Zero (0) implies a minimal importance of the category to the 
user/society/company, and as the value increases so does the importance to 
the product performance. In other words, the higher the value a category is 
assigned, the more important it is for fulfilling this property, though it does 
not rank the properties against each other. Values around five indicate the 
properties have a significant importance, while functional categories assigned 
ten dominate the eventual appearance of the product. Despite the fact that a 
high value signifies a greater functional importance on the product 
characteristics, a high value such as 10 does not signify a winner. In contrast, 
a property category assigned a low value is also interesting, as it means that it 
will probably be easy to reduce the resources needed to fulfil this category, 
which implies a potential advantage for the environment without the need 
for a trade off. Furthermore, it is preferable to provide comment to 
accompany the figure allocated to the category, thereby assisting recalling 
what the decisions were that the value was based on (column three in Fig. 
7.1).  
 
The following question helps determining the value of each property, 
thereby assisting the designer assign a reasonable value to the functional 
category. 
 
Will the product sell and work as planned even if this functional category is not completely 
fulfilled? 
  
If the answer to this question is “Yes, certainly, without any problem”, this 
category ought to be assigned a low value (0, 1 or 2). If, on the other hand, 
the answer is somewhat more vague, the category ought to be assigned a 
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value around 5. A strongly negative answer, such as, “No, the product will 
definitely not work properly if this functional category is not completely fulfilled”, is 
assigned a value around 10. The property categories and examples of various 
evaluations are described below, along with further comments on the use 
and usefulness of each category.  
 
The numbers correspond to the relative importance of the property; 0 
corresponds to minimal importance, 5 – medium or significant importance 
and 10 symbols maximum or dominating importance.  
 
A) Physical lifetime (0-10) 
What is the expected physical lifetime of the product? 
Physical lifetime of the product signifies the period of time that the product 
actually works. Products with short expected use-time should not be 
developed to have a long physical lifetime, due to the unnecessary waste of 
resources. For example, as a result of customer desire for the latest versions 
of new technology, many electronic products of today (mobile telephones 
and computers) are scrapped long before their physical lifetime ends. This is 
due to shorter economic lifetime than physical lifetime i.e. if the product was 
more expensive one would probably keep it longer too. In contrast, products 
that are guaranteed to have a very long use-time and physical lifetime should 
be designed for durability. Sometimes a modular product structure is 
preferable, supporting faster replacement of modules exposed to wear or 
fatigue, and non-critical parts could be designed for longer physical lifetimes, 
thereby minimising re-circulation and material flow (Persson, 1996). An 
optimal use of material and energy resources should encourage a 
harmonisation of use-time and physical lifetime. This opens up for 
possibilities to not produce products with longer lifetime than needed, which 
could reduce unnecessary waste of resources and furthermore reduce 
production cost. Thus be profitable for the company and/or the customers.   
 
Low values of 0-3 (minimum physical lifetime) indicate products with a short 
physical lifetime (such as disposable products). These can often, though not 
necessarily, also have a short use-time. These products are used only a few 
times and performance is usually of minor importance. This makes it easier 
to reduce the quality and durability in favour of the environment. For 
example recycled materials can be used, which usually have a lower standard 
of quality. However, in areas such as health and medical care, the opposite 
trend is apparent, where despite the disposable nature of many products, 
performance (such as needle sterility) is extremely important. Moreover, 
many trendy and fashionable items should also be included in this group, as 
they are not used for long periods of time. 
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Medium values of 4-6 (significant physical lifetime) include most household goods 
and consumer products, meant for long-term use. 
 
High values of 7-10 (dominating physical lifetime) include products meant to be 
used for a very long time. These can probably be upgraded rather than 
replaced completely. Some examples are capital-intensive equipment, 
products with professional applications, and products holding a great 
sentimental value for the user. Trends have little influence on these types of 
products. 
 
Comment: There is a strong link between use-time and physical lifetime (see 
the comment beneath the paragraph on (B) use-time). 
 
B) Use-time (0-10) 
What is the expected product use-time? 
This is length of time the customer is expected to use the product i.e. the 
length of time the product maintains its interest as a useful-object. 
Depending on the products use-time and physical lifetime (one day, a month 
or many years), affects the level of wear and tear. A product intended for 
long use-time must of course be more durable than a product used less. 
Products should of course be used their entire physical lifetime (until 
performance wanes, or repair is no longer a viable option). Consequently, 
they should be designed for equally long use-time and physical lifetime. 
However, many products have a much shorter use-time (interest as a useful-
object) than physical lifetime, which imply unneeded use or resources. This 
provides important information from an environmental point of view, and 
on how hard-wearing (durable) the design must be.  On the one hand, 
products having a long use-time should be designed for long-term durability, 
indicated by a high use-time value. On the other hand, trend-dependent 
products have a short use-time, with the customer most probably tiring of 
the product long before its physical lifetime comes to an end (product 
breakdown), and hence be given a low use-time value. This indicates 
extravagance of resources; these products should therefore be designed to 
have a short physical lifetime. An example involves a clothes hanger and a 
dress for special occasions. When the dress has been used a few times the 
user tires of it. Though it is not worn out yet, the owner will regard it as 
second hand, and may even throw it away. However the hanger that 
accompanied it, will continue be used, probably until it physically breaks. 
Therefore the dress should be assigned a low value, and the hanger a high 
value.  
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Low values of 0-3 (minimum use-time) indicate that the product is to be used for a 
short time (once only to just a few times). Many trendy products, even 
popular electrical and electronic devices, are used for only a short period of 
time (a few months to a year), despite considerably longer physical lifetime. 
These products are often regarded as second-hand, uninteresting to use and 
even obsolete when new versions (not necessarily better ones) are introduced 
onto the market. Furthermore, products adapted to shorter lifetimes in the 
market, often have a short use-time due to the frequent appearance of new 
versions. As a consequence the older version is exchanged for the advantages 
offered by the new one. 
 
Medium values of 4-6 (significant use-time) indicate significantly important use-
time (some years). These are relatively timeless products, such as household 
goods. The user keeps these products for a rather long time even though 
they are not used very often. Hence these products do not experience much 
wear and tear, staying intact for a relatively long time and maintain their user-
interest.  
 
High values of 7-10 (dominating use-time) indicate that the product has a very long 
use-time interest for the user. In addition to these, products having a great 
sentimental value such as exclusive sports cars are included here. These can 
even maintain an owner/user interest until their physical lifetime expired and 
the functions have worn out. Examples of high-value products are 
professional and capital-intensive or industrial process machines and devices 
that usually have a long use-time, hence assigned a high value.  
 
Comment: The expressions use-time and physical lifetime may seem a little 
confusing. Products with a dominant (very long) physical lifetime and a 
minimal use-time are not interesting to use, despite their remaining in sound 
working order. The combination dominant physical lifetime/dominant use-
time means that the product is used until it breaks down, which is very long. 
For example a valuable wristwatch inherited for many generations would be 
assigned 10/10 on physical lifetime and use-time. The combination minimal 
(very short) physical lifetime/minimal use-time indicates that the product has 
a short physical lifetime and an even shorter use-time maybe it is not used at 
all. Nevertheless, a short-life product is often used its entire physical lifetime, 
and sometimes even longer, which would be indicated by the combination 
minimal physical lifetime/minimal use-time though a higher value for use-
time would be used. For example a disposable toothbrush is often used more 
then once. Most benefit for the environment (being the most economical use 
of resources, but also economically optimal) is achieved when physical 
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lifetime and use-time are the same, indicated by the same use-time and 
physical lifetime values. Unfortunately this is not always the case in reality.  
 
C) Reliability  
How important is it for the product that the main function is fulfilled 
completely? Reliability in this respect means the importance of achieving the 
main function. Although all products must work (fulfil the main function), 
some products must be more reliable than others. Knowing whether the user 
places a high priority on the product achieving its main function fully is 
crucial for knowing when not to reduce the resources put into the functional 
category (life-critical products such as radio equipment for firemen fall into 
this category). With regard to these facts, where environmentally 
“unfriendly” materials have to be used (such as toxic materials) and no other 
design solutions or alternative materials exist at the time, it is preferable to 
prepare the product to be recycled. Furthermore, this category aims at taking 
a huge societal concern into account, but it also includes the user’s interest. 
At the same time it is one of the most difficult functional categories, but 
never the least important.  
 
Some additional questions can be asked to assist assigning a suitable value in 
this category: 
 
• What would be the consequence if the main function (FD), is not 

 fulfilled? 
• What would happen if the user wouldn’t get the main function?  
• What are the society’s possible responses if the product doesn’t work?  
 
Low values of 0-3 (minimum importance) indicate that it doesn’t really matter if 
the main function is achieved immediately or later.  High reliability is not 
important for the user or the society and the product is not of much concern 
for the society. If the product doesn’t work, no one but the user would care. 
Even though malfunction is disturbing for the user some failure or 
breakdown might be accepted, especially after some years of use. These 
products are seldom indispensable for the user and can easily be done 
without. 
 
Medium values of 4-6 (significant importance) indicate products with reliability as a 
property of key importance, though not crucial for product performance.  
Moreover, it indicates a societal importance; if the product doesn’t work it 
would cause problem in the society. From a users perspective, one would 
probably get much disturbed if the main function is not fulfilled when 
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expected, but some failure or breakdown could be accepted, especially after 
some years of use. 
 
High values of 7-10 (dominating importance) indicate that it is crucial for the user, 
but especially the society to achieve the main function when needed. 
Products of great advantage to society, such as power supply, life saving 
devices, medical and fire equipment are assigned high values. Important 
considerations may here be that the survival of the user may be jeopardised if 
the main function is not fulfilled (this could be an answer to the question 
asked above). A high value furthermore indicates that if the product doesn’t 
work it would lead to serious problems in the society, with possible injuries 
and/or death and economic consequences. The product is life decisive. Thus 
the user would never accept any failure at all.  
 
Comment: This should not to be confused with (D) Safety, even though there 
are some similarities (see the comment on safety). 
 
D) Safety 
How important is the product safety?  
This category addresses the human-safety aspect of the product; both 
personal safety as well as public safety in a wider context. In other words, 
would a failure or breakdown of the product injure people, and what effects 
would it have? Products having a crucial importance for safety, such as 
motor vehicles, high voltage products or products containing highly toxic 
chemicals, should clearly address this as being important to fully guarantee 
product safety. Many times safety issues also affect the society. A vehicle 
accident for example often allocates public resources such as police, firemen 
and hospital.  Accident prevention is therefore important from a societal 
perspective as well. Personal safety is of major importance for many 
electric/electronic devices including household products. It is easier to 
accept a pen that doesn’t write than a fan that burns. A more complex 
example is a motor vehicle. Most customers consider safety as a major 
criterion. Although customers wanting to buy environmentally adapted cars, 
understandably they do not want to compromise on safety standards. This 
situation also reflects the opinion paradox discussed in Section5.5. 
 
Some complementary questions that help assigning this category a proper 
value are:  
 
• Would the user get hurt in case of an accident or product failure? 
• What would happen in the society in case of an accident? 
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Low values of 0-3 (minimum importance) mainly include products that are not 
harmful to humans, and are not of concern for the society, for example a 
range of hobby equipment and consumer products that do not impact on 
safety at all.  
 
Medium values of 4-6 (significant importance) include products where safety is a 
key property, though not of crucial importance for the product. Examples of 
products having reliability and safety as significant properties are: radios, 
stereos, fans and mobile telephones, in other words all electrical and 
electronic devices used in households.  
 
High values of 7-10 (dominating importance) imply that if the product breaks, it 
may lead to humans dying and a serious accident would cause a lot of 
involvement from the society (ambulance, rescue service, police etc.). 
Product safety is therefore a dominating characteristic for the product.  
 
Comment: Safety is similar to reliability; both categories have a human-life 
component, though not in precisely the same way. For example, products 
placing a high priority on reliability, such as firemen’s radio equipment, also 
need to be safe, though reliability is associated with the main function and 
safety is a constraint. In fact a product failure itself would not harm the user 
very much, but since peoples lives actually rely on this product, high 
reliability is crucial for its existence. In other words failure of the main 
function implies danger, but product failure in itself is not dangerous to the 
user. One could therefore say that the reliability category corresponds to 
function-related safety and that the safety category corresponds to product-
related safety. Obtaining the “right” reliability and safety levels is dependent 
on understanding what is acceptable reliability and safety to the customer 
and the society. Another example is an ambulance and a car for 
transportation. The ambulance, which can be considered as a lifesaving 
product needs to have a very high reliability. At the same time it has to be 
safe, but one could on the other hand expect skilled ambulance drivers; 
illustrated by a medium value on safety. On the contrary the car should be 
assigned a much lower value on reliability and a high value on safety since 
the consequence of a product failure or an accident is related to product 
safety and not the actual main function. On parts level though some 
components in the car, e.g. breaks and wheel suspension requires high 
reliability to (some extent) guarantee car safety. 
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E) Human / machine interaction 
What is the expected human /machine (product) interaction? 
Any product that is seen, touched, heard, tasted, smelled or controlled by a 
human is dependent on its human-machine interaction, sometimes also 
called human-factor requirements. This category incorporates both 
aesthetics, ergonomic and product semiotic properties that are closely linked 
to each other. These characteristics can be regarded as sub-functional 
categories if human-machine interaction is very high, scoring a high value.  
 
Aesthetics is more of a psychological function, describing the significance of 
the product’s attractiveness, and sometimes regarded as a “bragging” 
function. Aesthetics is the study of the influence of gestalt on our sensations, 
(Monö, 1997), which also influences the functionality of the product. This 
property is of major importance for trend-sensitive and fashion products, as 
well as for strong and exclusive brands. Even though it is difficult to prove, 
aesthetics has a great influence on the buying behaviour associated with 
consumer products. Therefore aesthetics should be seen as very important, 
even though difficult to measure. Sometimes being attractive is the main 
function, for example for a skimpy party-dress, where covering oneself 
against the weather is of minor importance. In respect to commercial design, 
a product has to be both functional and attractive. A simple example is a 
chair designed to be both attractive and comfortable to sit on. One of the 
criteria cannot exist without the other. A commercial industrial designer 
would say that form and appearance is function (Hansén, 1999). Another 
expression used in this context is semiotics, which is the study of signs and 
sign systems and their structure, properties and roles in socio-cultural 
behaviour. Furthermore, signs are the core of our ability to communicate, in 
this case the product conveys a message.  (Monö, 1997) 
 
Ergonomic functions include those functions that enhance and simplify the 
usability of a product, in other words the adaptation to the physical 
requirements of the human body and the effects on the work environment. 
These functions are related to the physiological characteristics, capabilities 
and anthropocentricities of human beings. The importance of ergonomic 
performance is therefore dependent on how often and how long the product 
comes into contact with the human body. Thus, in products used daily by 
human beings, ergonomics should receive high priority in the design process, 
especially products for functionally disabled and equipment used in manual 
labour.  
 
If human/machine interaction is high, product performance is many times 
dependent on the user behaviour. In the example of a vehicle, the vehicle 
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performance is highly dependent on the behaviour of the driver. Driving 
behaviour also affects the environmental impact from the vehicle. To create 
as low environmental impact as possible the products need to be easy to 
understand and operate. Hence, a strong human/machine interaction should 
therefore be clearly addressed.  
 
Low values of 0-3 (minimal importance) are used to indicate that the human-
machine interaction of the product is of minor importance. This is especially 
so for products that are not seen or touched, such as embedded motors and 
integrated circuits in radios, which are either components or parts hidden 
within other products.  
 
Medium values of 4-6 (significant importance) indicate that the product has some 
contact with the human body. Aesthetics, semiotics and impression made by 
the product as a whole are important factors, and characterise the product. 
This includes most consumer products, especially those with a strong brand 
name or associated with status. Theses values are also used for products 
where good ergonomics is an important property, though not given top 
priority with regard to performance. Many of these products interacting with 
the body are hand-held during use, or used for sitting and lying on. Most 
consumer products are assigned medium values. 
 
High values of 7-10 (dominant importance) indicate that the product exists mainly 
for its aesthetics or its ergonomics. For example paintings, exclusive millinery 
and sculptures or products for the functionally-disabled. A high value can 
also imply a predominant importance of semiotics as a functional category. 
In other words good understanding of how to use the product is crucial for 
its existence. Besides the main function, semiotic, ergonomic and aesthetic 
properties characterise these products. 
 
Comment: Human-machine interaction is a category not always considered 
carefully by the customer, especially ergonomics and semiotics, even though 
he/she may believe that these characteristics are very important. For 
example, asking customers whether ergonomic design is an important 
functionality for saucepans, is answered in the affirmative, however they 
would most probably not consider ergonomics as an important factor when 
actually buying saucepans. Therefore, ergonomics would be assigned a low 
value in a FP for saucepans (Eriksson and Izar, 2000). Another example is 
the video-tape-recorder; which is bought by many people but hardly anyone 
knows how to program it.  
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F) Economy 
How appropriate is the price in relation to the product? 
Customers are often sensitive to the right price of the product. According to 
classical pricing theory some products with a high price will not be 
purchased if the price is too high and/or above expectations (Kotler, 2000), 
while others do not sell if the price is low or below expectations (especially 
where a higher price reflects a higher status). As companies have to be 
profitable to survive, saleability is of course given high priority with new 
products.  Moreover, if the market does not accept the product, there is no 
business opportunity for the producer and ultimately no companies. Again, 
environmentally adapted products must also be attractive to the 
customer/user. If they are not successful on the market they are in fact 
useless and therefore contribute less to sustainability ratio between functional 
income / environmental impact i.e. they cause more environmental stress 
than if they were not produced at all. In other words resources (material and 
energy) should not be allocated to produce products if the products are not 
used. Hence, the price is an important property characterising the product. 
Furthermore, if the product is too expensive the customer chooses to buy a 
competing product. In contrast, products that are expensive in comparison 
with the normal price in the product segment are usually expected to 
perform better and have a longer physical lifetime. Customers buying these 
products hopefully keep them for a longer period of time and upgrade them 
rather than replacing them. However, if the price is of minor importance for 
sales of the particular product, it is both chosen and sold according to other 
criteria.  
 
Low values of 0-3 (minimal importance) indicate that the product is, more or less, 
price-insensitive. These are usually very expensive products, bought no 
matter what they cost. 
 
Medium values of 4-6 (significant importance) indicate that the sale of the product 
is price-dependent, though it is not the most important property of the 
product. 
 
High values of 7-10 (dominant importance) indicate that the sale of the product is 
very sensitive to not having the “right” price. Saleability here is highly 
dependent on the price of the product. 
 
Comment: Though the approximate market price could be difficult to analyse 
and estimate in the early phases of design of a new product without an 
established market or competition, it is nevertheless important. 
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G) Technical flexibility 
How strong are the technical flexibility demands on the product? 
Good service and upgradeability maintain high reliability and prolong 
physical lifetime, the category could therefore possibly be called 
maintainability. High reliability of course requires high service and 
upgradeability, however low reliability does not necessarily correspond to 
low technical flexibility. For example a family car for transportation has 
moderate reliability, but requires high technical flexibility (maintaining of 
physical properties) to prolong its physical lifetime and second-hand value. 
Technical flexibility can also imply that the product is modularised and is 
easily adapted to specific customer demands and market niche as well as new 
technology.  
 
Low values of 0-3 (minimal importance) indicate that the product is not dependent 
on service and upgradeability at all. These are usually simple and cheap 
products, bought-used and thrown away. Then the user is not interested in 
upgrading the product and if the product breaks the user can easily mend the 
product or buy a new. 
 
Medium values of 4-6 (significant importance) indicate that service and 
upgradeability are important issues. 
 
High values of 7-10 (dominant importance) indicate that service and upgradeability 
are very important factors.  
 
Comment: Service could include signing contracts, which relates the category 
to economy.  
 
H) Environmental demand 
How strong are the environmental demands on the product? 
Environmental demands are mainly derived from the societal interests e.g. 
regulations, strong public opinions and NGOs. If a company is certified 
according to ISO 140001 the corporate environmental goals have to be 
documented and consistent with the environmental policy, (ISO 
14001:1996). Examples of such environmental goals are: recycling demands 
in the Extended Producer’s responsibility, pollution prevention, low power 
consumption demands and demands on environmentally adapted 
technology. The later could be control of exhaust emissions, which may 
implicate changes to new technology e.g. electric drive systems for vehicles. 
Computers, fridges and cars are example of products that are subject to 
higher demands on low power consumption. Unfortunately and 
understandably, still customers do not put strong demands on 



 93                                  Jessica Lagerstedt 2003 
 
 

environmental-adapted products (if it is not related to money saving), even 
though many customers want others to buy environmental-friendly products. 
These demands therefore cannot be determined by QFD. Although it is not 
usually an important factor for the customer, this category is nevertheless 
important for the product.  
 
Recycling and other environmental demands are important factors to 
consider when designing products. Since it is logistically preferable for a 
recyclable product to also be adapted for recycling, these aspects must be 
integrated into the design from the beginning of a project (at least in the 
early phases of design). If a company can guarantee the recycling of 
environmental-unfriendly materials (keeping the materials within a closed 
system), they then have some justification for using these materials deemed 
necessary to fulfil the most important functions of the product. In this 
respect recyclability is an important property to be taken into consideration.  
 
Low values of 0-3 (minimal environmental demand) indicate that the environmental 
demands are none or very low and the recycling ratio is minimal.  The 
society doesn’t care much about this product wasting resources and/or only 
very few product components will be recycled. The total use of scarce 
resources and/or energy for this kind of product is low.  
 
Medium values of 4-6 (significant environmental demand) indicate that the 
environmental demands on the product are significant. Recycling of this 
product is a strong concern in the society and the recycling ratio is 
significant; the product is partially designed and guaranteed for recycling.  
 
High values of 7-10 (dominant environmental demands) indicate that the 
environmental demands are very strong, which characterise the product. 
Resource consumption is a very important issue for the company and the 
society puts very strong regulations on resource management. The recycling 
ratio for the product is therefore high, which means that most of the 
components are recycled and designed for this purpose.  
 
Comment: Although environmental demands are usually beneficial for the 
environment, this is however seldom an important factor for customers. 
Even though this category may be absent from the main properties 
contributing to product functionality or sales, it contributes to the character 
of the product. It may well fall into a functionality and sales-function 
criterion for management rather than the customers, indicating the product’s 
environmental-adapted technology demand and recycling capacity. 
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Use of the FP is illustrated in Section 9.5. 
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8 ENVIRONMENTAL CHARACTERISATION 
 
8.1  THE ENVIRONMENTAL PROFILE CONCEPT 
A good understanding of main environmental impacts of products during its 
total life cycle is an important step in design for environment. But in fact it is 
very difficult for designers to understand and relate their design work to 
these specific impacts e.g. CO2-equivalents, acidification effect chains and 
overfeeding of eco-systems  (McAloone and Evans, 1996, Åkermark, 1999).  
 
To create links between the functional profile and the environmental impacts 
of the products, an environmental profile, EP, was developed during a 
research co-operation between KTH and MIT in 2001 and 2002. For further 
information about this co-operation project see Section 2.1 and Section11.  
 
Following the metaphor with the economic balance sheet one can say that 
the environmental profile identifies and evaluates the cost side of this 
concept, see Fig 4.3. A key element of the Environmental Profile is to 
identify product properties that are correlated to environmental impact, 
without requiring deep understanding of detailed environmental issues.   
 
8.2  THE ENVIRONMENTAL PROFILE FRAMEWORK 
The overall goal of all eco-design methods is to minimise the environmental 
impact from products following more or less the same and simple principle 
of resource reduction (mitigate use of material and energy resources). This is 
the goal for the functional-environmental concept too. However, there are 
different ways perceived to reach this goal. Several environmental assessment 
methods and concepts have been studied for environmental product 
characterisation and LCA and Product Concept Descriptors have been 
studied in detail. Many of these methods are based on prior environmental 
knowledge of the person executing them, which often makes them exclusive 
for environmental experts and limited to use in large corporations.  
 
Of course a comprehensive picture of the environmentally impacting 
activities is preferable, implying that LCA should be used. But true 
environmental changes have to be addressed in early design phases, where 
detailed information is scarce, thus a complete understanding of the 
environmental problems is beyond these phases. Instead environmental 
information has to be carefully selected and relevant in the context of early 
product design. 
 
Even though there are reliable design-for-environment methods, most 
beneficial for the environment is not the precise result from these methods 
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but actually doing something. This calls for good communication of product 
environmental information to designers, but information is normally either 
too detailed and too complicated or too simplified and therefore many times 
of no use when designing new products. For example results from full-scale 
LCAs, showing detailed descriptions of specific impact categories, are often 
difficult to interpret. In contrast MIPS and some checklists (see Section 4.2) 
are simply too rough and many times complementing methods and 
environmental experts are required to perform the assessments. 
 
As the overall functional-environmental characterisation concept focuses on 
the product in a designer’s context it has been natural to investigate 
environmentally related product attributes rather than impacting activities 
such as toxic substances in production processes. Furthermore, most 
designers have a technical background or at least good understanding of 
engineering design. Thus the product attributes should be related to the 
actual hardware or physics of the product. Another constraint is that these 
environmental product characteristics have to be logically linked to the 
functional characteristics of the functional profile. These environmental 
characteristics should therefore be visualised on the same level of 
information as the product categories in FP.  As well as for the functional 
profile, the environmental profile aims at quick and easy understanding and 
application by designers themselves. A highly aggregated form of product 
attributes has therefore been selected. This set of product attributes is related 
to environmental impact however identification and evaluation do not 
require environmental expertise. More specifically these attributes 
environmentally characterise the product in terms that are easily understood 
by designers (in the product designer’s own language). Logically this part is 
called environmental profile, EP.  
 
8.3  THE ENVIRONMENTAL PROFILE – DEVELOPING THE CONCEPT 
The EP’s environmental categories are based on product concept descriptors 
identified by Sousa (2000), see Section 4.4, but they have been slightly 
modified though to better fit the functional-environmental characterisation 
model presented in this thesis. Added categories are: number of 
products/year, size (weight/volume) of product, number of different 
materials, material mix, scarce material and toxic material. In use power 
consumption is expressed as energy consumption per year. Excluded from 
Sousa’s list are: use-time and physical lifetime, recycled content, operational 
mode and identification of the content of all different materials included in 
the product. Use-time and physical lifetime could of course be regarded as 
aggregated environmentally impacting product attributes, but these 
characteristics are no real physical attributes (even though time affects 
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physical performance). Physical lifetime and use-time are furthermore already 
identified in the functional profile. Customisations of specific environmental 
categories for automotive products were investigated in two case studies see 
Section 10.   
 
8.4  THE ENVIRONMENTAL PROFILE – CREATION AND APPLICATION 
The environmental profile has been introduced to create links between 
functionality and environmental impact, and more specifically between the 
functional profile and the environmental profile. The EP identifies how the 
product is environmentally characterised by evaluating physical product 
attributes associated with the environmental impact of the product.  The 
product attributes have been selected such that they are commonly known 
among designers, can be identified in early design phases and that they can 
be logically linked to material and resource consumption and to the 
functional categories of FP.   
 
The EP consists of 8 aggregated environmental categories and follows the 
same evaluation methodology as in FP (identifies dominating environmental 
impacting product attributes using an ordinal scale from zero to ten). As the 
environmental profile represents the cost-side in the balance, this is showed 
with a minus in the top of the column. With the product in focus each 
category is evaluated in respect to its actual or real resource consumption 
(cost) mirroring the influence from an environmental standpoint. That is, the 
relevance of the attributes directly or indirectly influences the environmental 
impact from the product.  
 
Environmental categories 
Figure 8.1 illustrates the environmental profile to be used in early design 
phases. Broadly speaking these attributes characterise the product from an 
environmental viewpoint in early phases of product design, primarily using 
environmental impact through resource and energy consumption. They 
mirror the material and energy resource consumption needed and the use of 
toxic materials has been considered to some extent.  
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THE ENVIRONMENTAL PROFILE (-) 
 

Environmental 
Category 

Value (0-10) Comment 

K) No. of products   
     produced /year 

  

L) Size    
    (weight/volume) 

  

M) No. of different   
      materials  

  

N) Material mix   

O) Scarce material   

P) Toxic material   

Q) Energy    

R) Energy source   

 
Fig. 8.1   The Environmental Profile in early design phases 
 
Environmental categories - evaluation 
As for the categories in the functional profile the importance of each 
environmental category is qualitatively determined, indicated by a value 
between 0 and 10.  Even though the product doesn’t exist yet the values are 
used to indicate an expected and approximate performance, based on actual 
values (see Fig, 7.2). In contrast to FP these values are based on semi-
quantitative numbers rather than completely qualitative ones.  
Since the environment is impacted only by total exposure (impact) in 
absolute numbers from human activities and not the relative activity, the 
values used in EP are based on absolute values. That is, the scale and the 
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values represent a quantitative interval related to the physical performance of 
the products. As a matter of fact, one could say that the FP represents “soft” 
functional requirements (related to opinions from users, society and 
company, using a qualitative scale) and the EP represents “hard” 
environmental requirements (coming from the physics of the products and 
therefore semi-quantitatively evaluated even though a qualitative scale is 
used).   
 
The following question can be asked when determining the value of each 
environmental category, thereby assisting the designers in assigning a 
reasonable value:  
 
How important is the product attribute from an environmental standpoint? 
 
K) Number of products produced per year (0-10) 
What is the expected number of products to be produced per year?  
Normally the environment does not care about the impact from one 
individual product only, but the total impact from all products produced. 
Hence the total number of products produced has to be accounted for. The 
number of product produced per year can significantly influence the 
environmental impact; it propagates down to the amount of recourses, 
production capacity, manufacturing processes chosen and transportation 
needed. Moreover, it is easier to control recycling issues of a few products, 
but also the actual use of the products in terms of service and upgrading 
products. Clearly, millions of products with a wide circulation are more 
difficult to control. This information is important when developing recycling, 
upgrading and service strategies.       
 
Low values (minimum number of products produced/year) indicate that only few 
products are produced per year, less than 10.000 products per year are 
produced. This includes exclusive, rare and special deigned products. 
 
0) Less than 10 products 
1)  10-100 
2)  100-1000 
3)  1.000-5.000 
4)  5.000-10.000  
  
Medium values (significant number of products produced/year) indicate that a 
significant number of products are produced per year, about 10.000-500.000 
products per year. Most consumer products and family cars are assigned 
medium values. 
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5)  10.000-50.000 
6)  50.000-100.000 
7)  100.000-500.000 
 
High values (dominating number of products produced/year) indicate that a 
dominating number of products are per year, up to some million products 
per year, for example multi produced electronic devices such as mobile 
phones and hi-fi products. 
 
8)  500.000-1 million 
9)  1-5millions 
10) > 5 millions  
 
Comment: To identify the number of products produced per year it is utterly 
important to clarify the company’s responsibility to suppliers and sub-
suppliers. A common problem is that companies are not responsible for the 
whole production chain anymore (e.g. franchising and buying sub-assemblies 
from far-away countries) and it is too easy for a company to claim that this is 
not their responsibility. These facts furthermore put stronger demands on 
transparent and relevant system boundaries. 
 
 
L) Size (weight/volume) (0-10) 
What is the size of the product? 
Product size here involves both product weight and product volume, which 
are closely related (higher volume normally correspond to higher weight). 
Together they mirror resources needed to produce and transport the 
products. Product weight is obviously impacting the resource consumption; 
the higher the weight the higher the environmental impact. Furthermore size 
indicates space needed for transportation to end-customer. Clearly a huge 
product needs more space than a small product, allocating more energy for 
transportation. 
 
Low values (small size) indicate that the product is light and small enough to 
hold in your hand and to carry with you for a while. This includes most 
everyday commodities and consumer products that are sold in shops and 
stores such as handheld tools and carry-with-you devices. 
 
0)  < 1 g 
1)  1 - 10 g 
2)  10 g - 1 kg 
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3)  1 – 5 kg 
4)  5 - 20 kg 
 
Medium values (significant size) indicate that the product is difficult to carry 
around and it might be a bit bulky and not easily handled in normal 
doorways. Furniture, lightweight vehicles (e.g. bikes, motor bikes and mini 
cars) and household appliances like washing machines and fridges are 
examples of products assigned medium values.  
.  
5)  20 – 100 kg 
6)  100 – 500 kg 
7)  500 kg – 1.5 ton 
 
High values (dominating weight) indicate that the product is very heavy and 
bulky. It weighs more than 1.5 ton. Most vehicles, buildings, air borne 
machines (e.g. air planes, helicopters and space ship), ships and machines for 
industrial factory use (e.g. machine tools, process equipment, turbines and 
some industrial robots) are examples of products assigned high values.    
 
8)  1.5 – 20 ton 
9)  20 – 100 ton 
10) > 100 ton 
 
Comment: This category is closely related to the number of products produced 
per year since it is the combined set of number of products produced per 
year and the weight/volume of the product that reflects the true material 
consumption. One possibility would be to multiply the value from category 
(K) with the value from category (L) to get an indication of the total material 
resources used. See also comment (M).   
 
M) Number of different materials (0-10) 
What is the expected number of different materials in the product? 
The number of different materials used in the product is especially 
interesting in case of recycling, the larger the number of different materials 
the larger the number of fractions, which furthermore puts higher demands 
on material identification. Clearly few materials are easier to identify and 
handle than a large number of materials, especially if the materials have very 
different physical properties. For example it is much easier to distinguish 
between a metal and a plastic rather than between two different aluminium 
alloys. The idea is not to count different types of aluminium, steel or any 
other modified form of material, which is possible to find in some designs, 
but to identify these as single classes of materials: aluminium and steel 
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respectively.  The identification of specific materials and the relative amount 
of these are of course important from an environmental and functional point 
of view, but this can be accounted for though in the intermediate design 
phases, using sub-categories, for example ferrous metals, non-ferrous metals 
and plastics (see, section 9.5). Many electrical and electronic products contain 
complex parts that include many different materials and elements e.g. printed 
circuit boards and relays. Such materials are often difficult to identify 
separately. These parts are therefore treated as multi-material units.  
 
Low values (minimum number of different materials) indicate that only few materials 
are used and the product is probably very simple, for example disposable 
forks and knifes.  
 
0)  1 single material, e.g. a plastic, a fibre material, glass or a metal 
1)  2 different materials, for example one plastic and a metal, no electronic units  
2)  3 different materials, for example plastics and/or metals, no electronic units  
3)  4 different materials, for example plastics and/or metals, no electronic units  
 
Medium values (significant number of different materials) indicate that a significant 
number of different materials are used and that the materials are more 
difficult to count and identify than for lower values.  
 
4) 5 different materials of which most are easily identified materials, e.g. 1 plastic, 3 

different metals and one electronic unit 
5) 5-10 different materials of which most are easily identified and some are not e.g. 

electronic units  
6) 10-15 different materials of which most are easily identified and some are not e.g. 

electronic units  
 
High values (dominating number of different materials) indicate a complex product 
where a large number of different materials are used. 
 
7)  15-20 different materials, where the main part is not easily identified 
8)  20-25 different materials, where the main part is not easily identified 
9)  > 25 different materials of which most are not easily identified (e.g. alloys, printed 

circuit boards)  
 
Comment: Ultimately, it is the combined set of environmental impact from the 
number of products produced, product size and the number of materials 
used that signifies the material intensity (the material resources used). 
Furthermore the number of different materials is closely related to material 
mix, see comment (N). 
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N) Material mix (0-10)  
What is the expected material blend in the product? 
High material blend implies that the product is difficult to recycle. Recycling 
requires material identification and separation, which furthermore puts 
demands on material information (labelling of materials), disassembly cues 
(understanding how to disassemble)(Linn, 1998) and tools needed, 
(Luttropp, 1997). Pure materials are easier to recycle and reuse, which 
requires a low material mix or at least good and easy separation of the 
materials. The design must bear some kind of hints on the best way and 
correct way of disassembly e.g. product semantics (meaning of signs) is 
important (Linn, 1998). Hence the lower the mix, the easier the recycling. 
Luttropp (1997) identified sorting_borders, separating_surfaces and 
resting_loadcases to improve the capability of separation. Moreover high 
purity of a material always indicates less downgrading of that material. This is 
especially true for plastics, which is easily downgraded if different variants of 
plastics are mixed.  
 
Low values (low material mix) indicate that the materials are pure and very easy 
to separate.  This includes very simple products such as most disposable 
products, household utensils, simple handheld tools, furniture and cloths. 
  
0)  Single material products that do not need to be separated e.g. steel or one plastic only  
1) The materials are very easy to separate. Materials are pure and recycling/recovery does 

not require much time, any extra information, tools or knowledge 
2) Materials are still pure and easy to separate, but might require some disassembly cues    

 (hints), which preferably should be incorporated in the product 
3) The materials are easy to separate, but require some time and information for 

disassembly 
 
Medium values (significant material mix) indicate that the materials have a 
significant mix, which imply that some tools, knowledge and information is 
needed to separate the materials, for example many toys, bikes and 
household products. 
 
4)  Disassembly is not performed easily; some tools or extra information is needed 
5)  Material separation requires both tools and extra information 
6)  Some understanding about product disassembly and tools are needed 
7) Good understanding about product disassembly, knowledge about different materials, 

extra information and tools are needed 
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High values (dominating material mix) more than 20 different materials are used 
for complex products such as electrical devices, cars, airplanes, ships and 
space shuttles.  
 
8)  Disassembly and material separation requires certified scrapper 
9) Disassembly and separation requires good knowledge of separation technology e.g. 

electrolytic methods 
10) Product might not be possible to disassemble and many materials cannot be separated  
 
Comment: The material mix is of course dependent on the number of 
materials used; few materials most of the times indicate a low material mix. 
Together the number of materials and the material mix informs us about the 
material distribution. Product structure is important for the possibility to 
disassemble and recycle the product. An essential feature is of course the 
materials different environmental impacts (generating: greenhouse gases, acid 
rains, bioaccumulation of heavy metals, erosion etc). But as this concept 
addresses early design evaluation and the situation of the designer, a simpler 
approach was selected; identifying the number of different materials without 
requiring environmental expertise. More detailed information on different 
materials environmental influences can be accounted for in later phases of 
the product development process. This category is especially important if the 
product includes any scarce or toxic materials, which must be recycled. 
Toxicity and scarcity of the materials will be taken into account though, see 
(O) and (P). 
 
O) Scarce material 
Knowledge about the scarcity of a material is important from a diffusion and 
dematerialisation point of view. Scarcity is primarily related to how rare the 
material is in the earth’s crust. For example Silver (Ag), Copper (Cu) and 
gold (Au) are scarce metals; Ag makes 100 ppm, Cu makes 70 ppm and Au 
only 4 parts per hundred million of the earth's crust, (Copper, silver, gold, 
2002). The elements cadmium, cobalt, gallium, germanium, indium, lead, 
lithium, nickel, rare-earth elements, ruthenium, selenium, tellurium and 
vanadium are examples of scarce materials, (Andersson, 2001), which are 
commonly used for construction of mechanical and electronic equipment. 
Elements like silicon, magnesium, iron and aluminium represent larger 
resources. But scarcity is also related to detrimental environmental effects 
such as energy and interference in nature needed for extraction. Synthetic 
substances can also be scarce, but these are not included in this study. Thus 
scarce material should be used as less as possible. Material scarcity is 
normally reflected by the material’s commonality on the market, which 
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further on is reflected by the price (i.e. how valuable the material is in 
monetary terms).  
 
Electrical and electronic products contain most of the elements in the 
periodic system. One of the most commonly used rare metals in electronic 
products is tantalum (mainly capacitors in computers). With the industrial 
production of electronic components like relays and picture tubes, some new 
rare metals have been introduced for industrial use for example: europium, 
yttrium, neodymium, samarium, strontium and osmium. Knowledge about 
eco- and human toxicity (environmental and health concern) did not follow 
the fast introduction of many new elements during the late 1990’s. The fact 
that these elements are rare in the earth’s crust, imply that living organisms 
have not been exposed to these substances before. Thus, there is a reason 
for special precaution, when using these metals. (Kretsloppsdelegationen, 
1997). Due to the above-mentioned facts and to the emergence of extended 
producer’s responsibility for electrical and electronic products, electronic 
parts and products are considered containing a multiple number of rare 
metals. 
 
Low values (0-3) (few scarce materials) indicate that none or only few scarce 
materials are used.  
 
0)    No rare materials are used at all 
1-3)  A few rare materials are used, but none of the materials used are extremely rare, 

i.e. they make more than 4 ppm in the earth’s crust (more than gold). The amount 
of each of these materials used is less than 100 gram and the material’s effects on 
the environment and living organisms are known.  

 
Medium values (4-7) (some scarce materials) indicate that some scarce materials are 
used (4-7) which imply that these materials should be identified and 
separated from the rest of the product when the product reaches its end-of-
life-phase.  
 
4-5) One material makes less than 4 ppm in the earth’s crust and is used as a tracer 

element. The product might contain some other less rare materials like copper, silver 
or gold, and might include more than 100 gram.     

6-7) Some (2-3) rare materials are used as tracer elements and the effects on the 
environment and living organisms are not fully known. The product might contain 
some other less rare materials like copper, silver or gold, and might include more 
than 100 gram. 
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High values (8-10) (several scarce materials) indicate that many scarce materials are 
used. Many electrical and electronic devices belong to this group. 
 
8-9) Some (3-5) rare materials are used and the product might contain some other less 

rare materials like copper, silver or gold, and might include more than 100 gram. 
10) Several extremely rare materials are used, and they might be very difficult to count. 

The eco-and human toxicity of these rare metals is not known, for example many 
electronic and electrical products. This raises the importance of separation and 
recycling of these materials if they cannot be replaced.   

 
Comment: Scarce materials are many times toxic too, but not necessarily, see 
comment (P). This category is also related to the number of products 
produced per year.   
 
P) Toxic material (0-10) 
How many different toxic materials will be used? 
Overall toxic materials are defined as materials and substances having a high 
eco- and human toxicity (environmental and health concern). Unfortunately, 
there is no standardised and universal list to rely on in this case, but strong 
directives from governments within EU demand some materials being 
blacklisted or classified according to their human- and eco toxicity. In the 
Swedish Environmental Code some specific chemical substances are subject 
to governmental environmental regulations for example pesticides, cadmium, 
mercury, waste oil, ozone depletion substances, batteries and chlorinated 
solvents, (Miljöskyddshandboken, 1999), see also the Observation List 
(examples of substances requiring particular attention), (Swedish National 
Chemicals Inspectorate, 1998). Many materials are now being investigated 
due to their eco- and human toxicity (especially allergic reactions, cancer, 
mutagenicity, reproduction toxicity), (Swedish National Chemicals 
Inspectorate, newsletter, 2001), but these materials are mainly chemical 
substances and therefore of no real help for the manufacturing industry. 
Common lists in the context of design for environment are Volvo’s black, 
grey and white lists, here simply referred to as black list and grey lists, 
(Volvo, 1998). These lists are official and published on the Internet and 
therefore commonly used and known within many Swedish manufacturing 
companies. Sometimes the most toxic materials are called black list materials. 
Black list materials are forbidden to use at all, materials on the grey list are 
restricted while white list materials are allowed. Black and grey list materials 
should of course be avoided as far as possible, but sometimes these materials 
are required, and are not easily exchangeable, to fulfil the main function. If 
the product furthermore must have very high reliability, this information is 
very important to clarify. Black list material is a bit more difficult to 
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determine and sometimes requires environmental expertise and up-to-date 
information. 
   
Low values (minimum use of toxic materials) indicate that no or only a few toxic 
materials are used. These are probably considered in Volvo’s grey list or in 
the restriction list, but probably not in Volvo’s black list or on the 
Observation list.   
 
0) No toxic materials (none of the materials are considered on the black list nor on 

the grey list) 
1-3)   A few materials from the grey list are included   
 
Medium values (significant use of toxic materials) indicate that some black list and 
grey-list materials are used. 
 
4-5)    At least one material from the black list is used and maybe some from the grey list 
6-7)   Materials from the black list are used and probably some from the grey list 
 
High values (8-10) (dominating use of toxic materials) indicate that some of the 
materials used are very toxic to humans (permanent harm) or that they are 
very hazardous for the environment (e.g. high potential for 
bioaccumulation). These materials are specially marked in the black list and 
the Observation list. Examples are arsenic, lead chromate and cadmium 
compounds.     
 
8-9) At least one highly human and eco-toxic material is used (see marks in black list 

or   Observation list) 
10)   Several highly human and eco-toxic materials are used see marks in black list or 

Observation list) 
 
Comment: In the absence of a complete and relevant material list, Volvo’s 
black, grey and white lists will be used in this thesis. 
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Q) Energy  (0-10) 
What is the expected energy consumption per year (in use phase)? 
Due to in-use-energy consumption’s environmentally impacting significance, 
information from this category is essential. Even though the estimation is 
rough it shows the direction and helps identifying the average environmental 
impact. Since the environment is impacted only by total exposure (impact) in 
absolute numbers from human activities and not the relative activity, the 
values used in this category are based on absolute values. In other words, 
even if the most significant environmental impact of product is related to its 
energy consumption in use-phase, the absolute energy consumption might 
still be low.  
 
Energy consumption is dependent on the power consumption of the 
product and on the time the product is being used.  An expression used in 
this context is passive and active products defined by de Winter (1996). In 
this sense, active products (e.g. cars) are active during their use-phase and 
have a substantial interaction with the environment during this phase and 
passive products (e.g. furniture) have no interaction with the environment 
during their use-phase, (de Winter, 1996). For example, there is a big 
difference between a drilling-machine for professional use and one for hobby 
purpose. Both of them consume energy in use-phase, but the machine for 
professionals is considered active while the one for domestic use is passive. 
The energy consumption in watt-hours per year (W h/y) is estimated and 
indicated on the qualitative scale. 
 
Low values (minimal energy consumption) indicate no or very low energy 
consumption in use phase. This includes passive products such as furniture, 
but also many tools for domestic use.  
 
0)  < 1Wh / y, includes passive products that are not used very often or do not consume 

energy in use phase such as furniture and many tools for domestic use, but also 
products that have very low power consumption e.g. telephone for domestic use.    

1)  1 – 10 Wh / y, include products that have a very low power consumption and are 
used often, for example battery driven products 

2)   10 – 100 Wh / y, e.g. cloths and lamps  
3)  100 – 1.000 Wh / y. Even though these products could be considered active, 

consuming energy in use phase and being used almost all the time, in reality the 
energy consumption might be low 

4)  1 - 100 kWh / y, e.g. many household appliance for domestic use, for example 
coffee maker, toaster, iron, microwave oven and vacuum cleaner 
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Medium values (significant energy consumption) indicate that the energy 
consumption in use phase is significant.  
 
5)   100 – 1.000 kWh / y, for example TV and washing machines for domestic use 
6)   1 – 10 MWh / y, e.g. Nickel Metal hydride engine for a car used one hour a day   
7)   10 – 100 MWh / y, e.g. distribution transformer used 24 hours a day 
 
High values (dominating energy consumption) indicate that the energy consumption 
in use phase is dominating, the product is active and that the power 
consumption is very high. Some products having high-energy consumption 
in use are vehicles and turbines. 
 
8)   100 – 1.000 GWh / y, diesel engine for a truck used seven hours five days a week  
9)   1 GWh / y – 1 TWh / y  
10)  > 1 TWh / y  
 
Comment:  Energy consumption has a strong link to the number of products 
produced per year since the combination of number of products produced 
per year and the energy consumption per product and year reflects the total 
energy consumption. As in the case of the total material consumption one 
could multiply the value from category (K) with the value from category (Q) 
to get an indication of the total energy used. Furthermore, energy 
consumption is not only related to environmental impact, but it also has a 
strong link to economy; high-energy consumption is costly for the customer. 
 
R) Environmentally impacting energy source (0-10) 
How environmentally impacting is the in-use energy source? 
The choice of energy source in the use-phase has a significant impact on the 
environment. Fossil fuels contributing to CO2-emissions (impacting the 
greenhouse effect) are considered bad for the environment. Other 
environmental impact related energy source parameters that need to be 
considered are: release of heavy metals, contribution to sulphur based gases, 
which cause acid rains, contribution to greenhouse gases and hazard in case 
of an accident. A difficult and tricky question in this context is how to 
evaluate nuclear power; it does not contribute much to environmental 
impact itself, but in case of an accident it would cause a disaster. That is, we 
have to estimate risk and potential effects in case of an accident. This has 
turned out to be more a political issue, which is not further discussed in this 
thesis. Moreover, some people claim that wind power stations are ugly, 
however these opinions are not taken into account in the environmental 
profile, see the functional profile instead.  
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Low values (0-2) (low impacting energy source) indicate either that the products 
consume no energy at all in use phase or that the energy source is renewable, 
for example bio fuel, wind, solar, geothermal and hydro power. 
 
Medium values (3-5) (significant impacting energy source) indicate that the energy 
source in use- phase has a significant environmental impact, for example bio-
fuels and batteries.  
 
High values (6-10) (dominating impacting energy source) indicate that the energy 
source in use- phase is non-renewable and has a dominating environmental 
impact, for example fossil fuels (e.g. coal and oil) and nuclear power. 
Moreover, the society will soon require alternative energy sources than the 
ones used.  
 
Comment: This is a strong political issue as well and therefore need regular up-
date from research, policies and regulations. Sometimes it can be difficult to 
determine what energy source(s) is used. For example if a product uses 
electric power as an energy source in use, is not clear what is the energy 
source (or the mix of different energy sources) since it is dependent on the 
mix of electric power generated in that country (e.g. the ratio between wind, 
hydro and nuclear power). Furthermore, there are products using a 
combined set of energy sources, e.g. hybrid cars using both petrol and 
electricity.   
 
Use of the EP is illustrated in section 9.5. 
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9 THE ECO FUNCTIONAL MATRIX 
 
9.1  THE ECO FUNCTIONAL MATRIX CONCEPT 
Once a functional and an environmental profile have been established, 
information from these profiles has to be connected. A Functional-
Environmental matrix was derived from the general Functional Profile and 
Environmental Profile as a basis for revealing relationships between 
environmental impacts and functional benefits (Lagerstedt and Sousa, 2002). 
The basic idea of this Functional-Environmental matrix is to establish a 
communication platform for functional priorities and environmental impact; 
combining the functional and environmental profiles. Moreover, this 
communication platform allows the visualisation of correlations between 
environmental impacts and functionality (customer benefits).  
 
9.2  THE ECO FUNCTIONAL MATRIX FRAMEWORK 
In traditional design for environment methods, environmental product 
improvements have not often been highly responsive to functional aspects. 
To overcome this problem a relationship matrix has been developed to 
incorporate functional and environmental product expectations. As the Eco 
Functional Matrix is based on the functional and environmental profiles it 
follows the same framework. Figure 9.1 shows this characterisation 
framework.  
 
In particular QFD influenced the ideas about revealing relationships using a 
matrix. This matrix concept targets functional-environmental aspects rather 
than customer need- technical descriptions. Both matrix concepts can be 
used for visualising and planning a new product and help identify critical 
design areas for discussions. More specifically, a matrix is a comprehensive 
representation of internal interrelations of a product concept to get an 
overview of a product concept. In the traditional QFD matrix relations are 
usually indicated a 4-value scale: strong, moderate, weak or negligible and 
different symbols are then used to indicate the degree of interrelation. In the 
proposed eco functional matrix a binary scale (dependence or not) is used 
and a (X) marks the interrelation. The degree of importance has already been 
indicated in the profiles and to some extent this can be related to Kano 
diagram (must have, linear satisfier, delighter).   
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Fig.9.1 Eco Functional characterisation framework  
 
9.3  THE ECO FUNCTIONAL MATRIX –DEVELOPING THE CONCEPT 
Two case studies explored the customisation and application of functional 
and environmental attributes, including the matrix, which are discussed in 
Section 11, empirical studies. The case studies contributed to the 
development of the eco functional matrix. 
 
9.4  THE ECO FUNCTIONAL MATRIX - CREATION AND APPLICATION 
The Eco Functional matrix consists of FP and EP combined in a matrix. 
Thus, the matrix allows the visualisation of correlations between FP and EP 
and the approach can be embodied in the question:  
 
What is the lowest environmental cost (impact) we incur while still obtaining 
the properties characterising the product? 
 
Figure 9.2 shows a general Eco Functional matrix. 
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Fig. 9.2. The Eco Functional Matrix  
 
In preparing the relationship matrix some principle steps have to be 
followed: 
 
First of all the numerical value from each category of the functional and 
environmental profiles has to be filled out in its corresponding row (in the 
column named value in Fig 9.2), indicating the level of importance.  
 
Second, in identifying correlating criteria each cell has to be addressed in the 
lower part of the matrix (section (1), (2) and (3) in Figure 9.2) and the 
following question can be asked: Does criteria A and B correlate and so 
forth? For example does product (D) safety and (G) technical flexibility 
correlate. If the answer is yes, an X is marked here. Checked cells represent 
1st order relationships.  
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Third, critical points for trade-off discussions have to be identified. 
Categories assigned value five or higher are considered having strong 
contribution to the character of the product and are therefore highlighted in 
bold. Moreover, if two important (high value) elements correlate, the 
corresponding link is considered strong and highlighted with a circle. This 
indicates a critical point, which imply that these attributes should be 
discussed in-depth.   
 
Furthermore it is only the lower triangle of the matrix that is used, section 
(1), (2), and (3). Area (2) reveals correlations between FP and EP criteria and 
is therefore the area of major interest. Area (1) and (3) are also interesting, 
they help identifying important functional correlations and environmental 
correlations respectively. To some extent area (1) corresponds to 
conventional QFD and area (3) have similarities with the Life Cycle Design 
Stucture Matrix proposed by Schlüter (2001).   
 
A case study on radio equipment illustrates an example on how to use the 
Eco Functional matrix. see Section 9.5.   
 
9.5  THE ECO FUNCTIONAL MATRIX ON RADIO EQUIPMENT 
To illustrate the use of the eco functional matrix, but also the FP and EP, a 
case study on radio equipment for police and firemen has been used. Table 
9.1 provides the early design functional profile in this equipment i.e. the 
designer’s responsibility concerning functional criteria. The FP is based on 
the case study in Section 10.1.  
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The Functional Profile (+) 
 
Product: Communication radio for firemen 
 
Functional Description: to communicate talk at any time, under any 
circumstances, for example used by firemen 
 
Functional category Value (0-10) Comment 
A) Physical lifetime  About 30 years 

B) Use-time  Used continually until it 
breaks 

C) Reliability  Crucial for its existence, 
can save lives 

D) Safety  A product failure do not 
hurt the user itself 

E) Human/Machine   
     interaction 

 Ergonomics and  
understanding important, 
but aesthetics minor 

F) Economy  Minimum 

G) Technical flexibility  Service and flexibility 
very important, upgraded 
repeatedly 

H) Environmental  
     demand 

 

 Presently fairly low, 
extended producer’s 
responsibility 

 
Table 9.1 The functional profile for radio equipment 
 
The functional profile indicates following: the radio is used continually, until 
it is almost worn out (upgraded repeatedly); physical lifetime is long (about 
30 years), it is also subject to frequent use (24 hours a day). (5-5-90)-rule is 
applied, which corresponds to the average use activity in % in terms of 
transmission-reception-attention. Good ergonomics and easy understanding 
and operation of the radio are therefore important, but aesthetics is of minor 
importance. Technical flexibility should be high, requiring good in-use-
flexibility and service adaptation. The environmental demands are presently 
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low; extended producer’s responsibility has to be taken into account and it 
could be guaranteed that some parts (especially valuable materials) should be 
recycled. The product price is of minor importance. Safety is considered 
having low importance; a product failure would not hurt the user.  However, 
as lives rely on this product, reliability is without a doubt the most important 
criteria. In other words, getting the main function correct is top-priority.        
 
Table 9.2 shows the early design environmental profile and is based on 
information from Niros (2002) and an LCA of the radio system (Book and 
Cobdal, 1999). Blacklist material evaluation is based on the Swedish 
Observation list (National Chemicals Inspectorate, 1998) and Volvo’s black 
and grey lists (Volvo, 1998).  
 



 117                                  Jessica Lagerstedt 2003 
 
 

0   3    4       6    7          10

minimum significant dominating

0   3    4       6    7          10

minimum significant dominating

0   3    4       6    7          10

minimum significant dominating

0   3    4       6    7          10

minimum significant dominating

The Environmental profile (-) 
 
Environmental category Value (0-10) Comment 
K) No. of products  
     produced /year 

 ~ 10.000 /year, 
distributed in 
Europe, primarily 
Nordic countries * 

L) Size (weight/volume)   ~ ½ kg  
~ 0.4 dm3 

M) No. of different  
      materials 

 Mainly different 
metals 

N) Material mix  Very high material 
blend 

O) Scarce material  Some scarce mtrls. in 
electronic 
components 

P) Toxic material  NiCd-battery**, Cu 
alloys  and 
brominated flame 
retardants ** 

Q) Energy  Charging if not in 
use ~ 0.3 kWh/y 

R) Energy source  Rechargeable 
NiCd-battery 

 
Table 9.2. The environmental profile for radio equipment, * (Niros, 2002), **(Volvo’s 
black and grey lists, 1998),  the Swedish Observation list (National Chemicals 
Inspectorate, 1998) 
 
The environmental profile indicates following: material intensity is low since 
the product has low weight and volume, and only 10.000 radios of this type 
are produced at the company per year. But the radio contains many different 
materials, which furthermore are highly blended. Some scarce metals are 
used in the electronic units and some metals are black listed according to 
Volvo’s black list (Volvo, 1998) or observed on the Observation list 
(National Chemicals Inspectorate, 1998). This makes recycling more difficult. 
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The energy consumption is significant since the radio is in use 24h/day, but 
the power consumption of the battery is low and the overall energy 
consumption is therefore regarded as fairly low in real sense.   
 
Relationships between functional and environmental criteria are then 
revealed in the matrix in Fig. 9.3 and discussed below.  
 

 
 
Figure 9.3 The functional-environmental matrix on radio equipment 
 
The functional-environmental matrix reveals the following critical points: 
High material blend and a high number of electronic units, causing the most 
significant environmental impact, are linked to long physical lifetime and use-
time, reliability and technical flexibility (service and continuous update), 
which are high priority user demands. These facts imply that the material 
blend should be simplified and at the same time the radio should be durable. 
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As the radio is considered a life saving product materials related to product 
reliability have to be considered very carefully before they are removed or 
replaced even though they may have a high environmental impact i.e. 
reliability in this case is not tradable. However a high material mix and a large 
number of electronic units make recycling difficult, which demands a 
reduction use of different materials and components. These facts imply that 
the radio should be prepared for recycling, using DFD strategies e.g. to 
improve the product structure considering disassembly.  
 
The matrix further tells us that the product is small and has low weight, 
which minimises transportation problem if logistics are optimised. Some 
“blacklist or grey list materials” are used. Only few products are produced 
per year, which eases the control of material flow and further on makes it 
possible to increase recyclability demands. The black list materials are 
preferably exchanged for other, less impacting materials, but if they cannot 
be exchanged for other materials directly design-for-disassembly (DFD) 
strategies must be applied, for example modularisation.  
 
Interrelation between different functional aspects tells us that reliability 
correlates with human/machine interaction. That is, product reliability 
requires the radio to be easy to understand and to operate (Lagerstedt and 
Luttropp, 1999). Long physical lifetime can be guaranteed if technical 
flexibility is provided, which furthermore would decrease the environmental 
impact (prolonging product life by component replacement and upgrading). 
Of course all of these demands also represent economic issues, but in fact 
the product is not price sensitive, which facilitates possibilities for 
improvements. Environmental interrelation informs that the energy source is 
related to material blend and number of electronic units and more 
importantly to the blacklist material (Cadmium in battery). 
 
An important and interesting feature would be to study the behaviour of 
firemen and rescue service when using the radio, learning how the user 
actually behaves with the product. As service, upgradability and reliability are 
high-priority criteria, and as the number of products is small and material 
control is required (the small number of products ease recyclability issues) 
these facts query products sale rather than providing the service (selling 
product service).  
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10  THE FUNCTIONAL AND ENVIRONMENTAL PROFILES IN 

PRODUCT DEVELOPMENT  
As requirements and demands on a new product change with their 
progression along the product-development process, so does the appearance 
of the profiles and the matrix.  The Functional Profile shown in Figure 7.1 
and the Environmental Profile in Figure 8.1 only illustrates the character of 
the profiles in early phases of product development process, when needs are 
established and concepts generated. Later on when a concept is chosen and 
developed more information about the product becomes available. 
Proceeding from the highest ranked criteria in the profiles in the early 
phases, a more detailed description of the requirements is needed to further 
develop the product concept selected. In other words, a more detailed 
description of the strongest requirements in the profiles is further evolved, 
supplying designers with a more detailed picture of the product. In the 
detailed phase, the property-specific phase, the profiles from earlier phases 
are further enhanced, providing an even more detailed picture of the 
product. The Functional Profile in this phase is likely to be the product 
specification itself, forming a basis for the prototype and final product and 
the environmental profile forming a basis for a detailed environmental 
description (for example an LCA). 
 
The functional and environmental profiles in early design phases 
In the early phases of design of a completely new product, what is needed is 
an easily-understood, non-quantitative description of the general functional 
and environmental requirements, thereby creating a compass bearing for 
design. Since little is known and finalised about the new product at the time, 
it should be helpful to use a FP, an EP (as described in Section 7 and 8) and 
an eco functional matrix (Section 9) to identify functional-environmental 
correlations, (Lagerstedt and Sousa, 2002), (Sousa and Lagerstedt, 2002). 
Early on the FP (described by product management) could be seen as a 
visualisation of the product requirements or design responsibilities for the 
actual customer in mind, accompanied with an EP, which visualises the 
approximate environmental product performance. The two profiles generate 
a general functional-environmental matrix to reveal critical points for trade-
off discussion during early design. The evaluation is here based on the 
experiences of product-development personnel, indicating what the most 
important functional and environmental requirements are (the criteria with 
the highest values).  
 
The functional and environmental profile in intermediate and late product 
design phases 
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In the intermediate phases a concept is developed and more information 
about the product is available. Proceeding from the highest-ranked criteria in 
the FP and the EP in the early phases, a more detailed description of the 
requirements is needed to further develop the product concept selected. In 
other words, a more detailed description of the strongest requirements in the 
FP and the EP are further evolved, supplying designers with a more detailed 
picture of the product. Based on these profiles a similar but more detailed 
eco functional matrix can be established in the intermediate phase. 
 
Intermediate and late product-design phases of the FP and the EP 
(increasing the product-specificity) are also created in a similar way as in the 
early phases, illustrated in see Figure 10.1.  
 

 
 
Figure 10.1 The functional and environmental profiles developing from the early phases 
of design through the mid product-development process into later phases  
 
The intermediate phase, which takes more specific customer preferences into 
account (possibly based on a customer survey and/or market analysis), is 
used to map these customer requirements in the FP. The EP evolves as more 
detailed environmental data becomes available through out the development 
process. As the profiles evolves so does the matrix. To avoid long mid and 
late phase profiles, generating complex matrices (for example a 64x64 
matrix), the number of sub-categories has to be limited. In the intermediate 
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phases the set of sub-categories could be limited to 16 and in the late phases 
to 32. That is, maximum 16x16 and 32x32 matrices would be generated in 
the intermediate and the late phase respectively. The latter might be a bit 
difficult to grasp though, however the use of such a matrix could possibly be 
simplified by using computer software. But one of the features with the eco 
functional matrix is the simplicity of the concept (few parameters and limited 
sizes of the matrices), which implies that the matrices can be handled 
manually by the product development team to reach consensus. Primarily, 
the concept is not intended for computerisation since the idea is to keep the 
matrix as one single, easy-to-grasp document (maybe as a poster on the wall). 
The later design phases provide an overall view of the expected product 
specification and we probably have enough data to perform an LCA.  
 
Single capital letters (A-H) denote the various categories in the early design 
phases, where for example for FP (user) (A) Physical lifetime, (B) Use-time, 
(C) Reliability and (D) is Safety. In the more detailed description, each 
requirement is named after the main property in the aggregated profile. In 
the example of the radio system for firemen more detailed requirements 
relating to (C) Reliability, are labelled: (C1) Volume (sound quality), (C2) 
Range, (C3) Set-up time, (C4) easy-to-operate. Table 10.1 illustrates specific 
intermediate phase FP attributes for the radio equipment from one of the 
case studies.  
 
FP (early design phases)  FP (intermediate design phases) 

 
Table 10.1 Functional profile for radio equipment evolving  
from early design into intermediate design phases 
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Specific FP sub-attributes for automotive products are related to the 
following product categories: B) Use-time: B1) Frequency, D) Safety: D1) 
Driver and passenger injury, D2) Co-trafficant injury, D3) Societal related 
safety concern, E) Human/machine interaction: E1) Ergonomics, E2) 
Styling, E3) Easy-to-operate, E4) Semiotics, F) Economy: F1) Purchase 
price, F2) Fuel economy, F3) Production cost, G) Technical flexibility: G1) 
Maintainability, G2) Upgradeability, G3) In use flexibility, G4) Modularity, 
H) Environmental demand: H1) Emission control, H2) Environmentally 
adapted technology (Propulsion system).  See Table 10.2 for a car concept.   
 
 
FP(early design phases)    FP (intermediate design phases) 

 
Table 10.2 Functional profile for a car concept evolving from  
early design into intermediate design phases 
 
Logically, the names of EP subcategories evolve similarly; sub-categories of 
(N) Material mix are named (N1) Ferrous metals, (N2) Non-Ferrous metals, 
(N3) Plastics. The more specific criteria are expressed using an ordinal scale 
between 0 and 10, like in the aggregated profile.  
 
The intervals used for the categories in the EP are also refined as the profile 
evolves. The specific environmental sub-categories can probably be used for 
most products, but the range of intervals representing the values is likely to 
change. These intervals differ depending on what kind of product that is 
examined and in relation to the normal product segment.  For example when 



 125                                  Jessica Lagerstedt 2003 
 
 

considering the EP category (L) product size/weight of heavy trucks, buses, 
transportation vehicles for personal use and sports cars would be assigned a 
value 7 or 8 in the early phase EP. But in the intermediate design phases 
these products could be discriminated using the following intervals: heavy 
trucks: low values (low impact): less than 10 tons, medium values (significant 
impact): around 10-20 tons and high values (dominating impact): above 20 
tons. While the following weight intervals were used for transportation 
vehicles: low values (low impact): less than 1 ton, medium values (significant 
impact): 1-1.5 tons and high values (dominating impact): 1.5 tons and above. 
If the product is a low mass product e.g. a camera housing, the weight 
intervals could be: low values: less than 100 g, medium values: 100-500 g and 
high values: 500-1000 g and above.  
 
Specific EP sub-attributes for the group of automotive products are related 
to following product categories: L) Size of product: L1) Geometry, L2) 
Carrying/loading capacity, M) No. of different materials: M1) Ferrous 
metals, M2) Non-ferrous metals, M3) Plastics, M4) Fibres, M5) Fluids 
/Lubricants, N) Material mix: N1) Number of components, Q) Energy 
consumption: Q1) Maximum speed, Q2) Acceleration, Q3) Drive distance, 
Q4) Drive cycle, Q5) Aerodynamic drag, Q6) Driving behaviour, R) 
Environmentally impacting energy source: R1) Level of propulsion system 
(i.e. the ratio of combustion engine (conventional) and electric 
system(power)). See Figure 10.3 for a car concept.  
 
EP (early design phases)  EP (intermediate design phases) 

 
Figure 10.3 Environmental profile for a car concept evolving  
from early design into intermediate design phases 
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11   EMPIRICAL STUDIES 
Empirical data was collected through case studies, company surveys and 
discussions with both company employees and customers involved to depict 
design reality. This chapter contains two case studies investigating key 
functional and environmental attributes for automotive products as well as 
an application of the eco functional matrix, which contribute to the 
development of the eco functional matrix. Citations from the interviews 
carried out during the case studies are used to illustrate the specific situation. 
The chapter ends with a comment and reflection on the results.   
  
11.1  CASE STUDIES IN AUTOMOTIVE INDUSTRY 
Two case studies explored the customisation and application of a sub-set of 
general Functional and Environmental Profiles in the automotive industry 
(i.e. Functional and Environmental in intermediate design phases see Fig. 
10.1). 
 
Even though almost every vehicle is made to satisfy an individual group of 
consumer preferences, general product attributes are critical to identify, 
discuss and trade-off in early conceptual design stages. These attributes are 
often common for a group of products. As information needs to be general 
during early conceptual design, there is no universal set of sub-categories that 
fully represents every possible product concept. The need for a generalised 
approach to evaluate functional and environmental attributes of specific 
products during early design stages motivated investigations to identify key 
functional and environmental attributes categories for a group of products.  
 
The studies were performed using a procedure proposed by Eisenhardt 
(1989) for building theories from case study-based research. Interviews, 
questionnaires, observations, site visits, field notes and reports were used as 
data collection methods to depict key organizational, methodological and 
technical aspects of the projects. The approach was furthermore designed to 
facilitate a comparative analysis of the results provided from the studies. 
Data from the project team members and knowledge developed from prior 
studies were used to select and categorize properties for functional and 
environmental profiles. The coordinators of the projects evaluated these 
properties in terms of importance for alternative product concepts. Specific 
functional and environmental attributes were identified, evaluated in profiles 
and used to build a functional-environmental matrix. 
 
The first case study is conducted in a large Swedish manufacturing heavy 
truck company and target a pre-development project for a new door concept 
(Lagerstedt and Sousa, 2002).  
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The second case study is used for comparative analysis to test the validity of 
previous results on automotive products. This case study is conducted in the 
context of a project managed by an international group of stakeholders to 
launch new automotive vehicles for sustainable urban systems of 
transportation.  
 
The case studies provide a basis for identifying key functional and 
environmental attributes for vehicle concepts.  These attributes were 
structured in functional and environmental profiles. Relationships between 
functional benefits and environmental impacts were then explored by 
incorporating this customized set of product attributes into functional-
environmental matrices. The numerical value assigned to each attribute 
(ranging from 0 to 10) indicates the level of importance. The most important 
attributes (high numbers) are highlighted in bold. Checked cells represent 
first-order relationships between attributes. If two important attributes 
correlate the corresponding link is considered strong and highlighted with a 
circle.  
 
The evidence from the second case study supported previous case study-
based results in using general though group specific attributes in the 
functional and environmental characterization of automotive product 
concepts. Most functional and environmental attributes identified in the 
study on heavy truck products were also considered for the characterization 
of car concepts, (Sousa and Lagerstedt, 2002).  
 
Other general results from the case studies are: 
 
• Product attributes and correlations of high importance helped identify 

modelling areas of interest in the case studies. For example in the car 
concept case study, physical performance, energy consumption and 
propulsion system (environmental aspect) are accounted for in the 
modelling framework as, respectively, vehicle power, life-cycle energy 
consumption, and hybrid rate (i.e. the ratio of combustion engine 
(conventional) and electric system (power)) type of power train.  

 
• Sub-categories make attribute evaluation of different concepts clear-cut 

and flexible. Conceptual grouping of attributes revealed to be useful to 
the customisation process. For example, safety was considered as a 
general functional category such that more specific sub-categories can 
be defined as needed to characterise different product categories. 
Driver and passenger injury and co-trafficant injury could then be 
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defined for automotive products as opposed to e.g. radiation, which 
could better describe electronic products. An attribute categorization in 
profile characterization is proposed to facilitate customisation of 
product attributes. This provides the flexibility to better adjust the 
purpose of a general, though product group specific, approach for 
characterizing products in intermediate product design phases. For 
example, to characterize durable, active electronic consumer products, 
attributes more specifically for electronics performance (e.g. sound and 
radiation) might be used to define physical performance in the user FP. 
These facts open the discussion for tradeoffs and priorities in 
conceptual design. 

 
Specific results from the heavy-truck case study are presented in Figure 11.1 
and 11.2. 
 

 
 
Figure 11.1 Functional – Environmental Matrix for vehicles                        
In the specific case of a truck: * includes maintainability, reparability, in use flexibility, 
upgrade ability, modularity,** includes easy-to-operate, human-machine interface and 
semiotics, *** includes fuel economy, **** includes driving behaviour                                                    
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The manager of this project was a highly positive person, claiming that 
everything is very important, indicated by high values in the profiles. But if 
the importance cut (i.e. the value level above which the attribute is 
considered very important) above a value 7 instead of 5 (as described in 
Section 9) a discrimination of the attributes can be identified. Use-frequency, 
technical flexibility, price, energy efficiency and user behaviour are 
considered the most important functional attributes, while mass, energy 
source, fuel consumption and aerodynamic drag are considered the most 
important environmental related product attributes. The matrix furthermore 
indicate strong relations between mass of truck and price and mass and fuel 
economy. Energy source and fuel consumption both correlate with price, 
fuel economy and user-behaviour. Moreover, fuel economy has a strong link 
to aerodynamic drag.     
 
Functional-environmental matrices using the customized set of product 
attributes can be useful in supporting the development of models for 
integrated simulation in early conceptual design. In the study on heavy truck 
products, Product Concept descriptors were customised based on the matrix 
framework and used as inputs in a learning surrogate LCA model trained in 
vehicle-type product concepts, see Figure 11.2 (see also Section 4.4). 
 

 
Figure 11.2 Product descriptors were defined based on matrix framework and used as 
inputs in a surrogate LCA model within DOME: a change in 
DriverPerformanceCatalog propagates into ANN-based environmental models (through 
nominalDriverFactor) and the operating cost model; visualisation of tradeoffs gets updated 
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Other interesting result from this case study showed that cases at two system 
levels, door and truck, provided different levels of information. Linking the 
sub-system analysis with system-level requirements and environmental 
aspects opens up the trade space for analysis. This increases design freedom 
and allows the sub-system to be improved from an overall viewpoint and not 
just from a local viewpoint. Considering different system levels widens the 
trade space and prevents sub-optimisation. (e.g. fuel consumption of the 
truck drives decision-making on mass of the door). (Lagerstedt and Sousa, 
2002)  
 
Key results from the second case study (car concept) on functional and 
environmental characterization of product concepts are: 
 
• Functional Profile (FP) was divided into two profiles to distinguish 

different perspectives: one from the user’s viewpoint (see Figure 11.3), 
and one according to the interests of society (see Figure 11.4). 

 
• The user FP (see Figure 11.3) includes functional attributes organized in 

categories: time (lifetime, frequency, use time), physical performance 
(weight, size, carrying capacity, speed), quality (functional quality), safety, 
technical flexibility (in use flexibility, serviceability), human-machine 
interface (style, ergonomics, operation, user behaviour), economy 
(purchase price, fuel economy) and environment (environmentally-
adapted technology). 

 
• Reliability and recyclability, previously considered in the user FP, are 

now functional attributes in the society FP, which includes the following 
categories: safety, environment (emissions, resource consumption, 
energy consumption, recyclability, user behaviour) and market niche (see 
Figure 11.4). 

 
• The Environmental Profile (EP) includes environmental attributes (see 

Figures 11.3 and 11.4) structured in: material intensity (number of 
products per year, weight, size), material composition (number of 
components, number of electronic components, number of different 
materials, ferrous, non-ferrous, plastics, fibers, fluids/lubrificants, black 
list materials), energy intensity (propulsion system, energy efficiency, 
aerodynamic drag, speed, acceleration, and lifetime drive distance). 
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Figure 11.3 General Functional – Environmental Matrix for vehicle concept (user) 
 
In the example of the car concept, physical lifetime, economy, safety, 
environmentally-adapted technology and functional quality were considered 
as the most important user preferences. Physical performance, technical 
flexibility and human-machine interface issues are perceived as less 
important. Weight, size, number of components, propulsion system, and 
energy in use are the most important product properties, while, for example, 
fast acceleration and high speed have very low importance.  
 
Furthermore, material intensity correlated with economy (user preferences 
matrix) is accounted for in the technical cost model and operation cost 
model; material intensity correlated with safety and quality (user preferences 
matrix) in the CAD model; energy intensity correlated with time, economy 
and environmentally-adapted technology (user preferences matrix) in the 
power train model; material intensity correlated with resource consumption, 
energy consumption, and recyclability (society preferences matrix) in the 
approximate learning LCA model, technical cost model, and power train 
model; propulsion system correlated with emissions and energy consumption 
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(society preferences matrix) in the approximate learning LCA model, and the 
power train model.  
   

 
Figure 11.4 Functional-environmental matrix for societal preferences 

 
Comment: Evidence from these case studies enriched the development of 
the early product design versions of the functional and environmental 
profiles and the eco functional matrix presented in chapter 7-9. The profiles 
and the matrices from the case studies should therefore not be seen as final 
versions, but rather as a step in evolving generic profiles and matrices.  In the 
car-concept study a society FP was developed to make it possible to 
distinguish the evaluation of functional attributes relevant to society from the 
evaluation of functional attributes in a user’s perspective. For example, a 
societal matrix reveals the importance of recyclability issues for the society 
(e.g. recyclability of vehicles and the extended producer’s responsibility 
within EU), (Sousa and Lagerstedt, 2002). Ultimately this approach only 
created complexity (generating more matrices), the FP on societal aspects 
was therefore merged into the final version of the FP. 



 134                                  Jessica Lagerstedt 2003 
 
 

 
 
 
 
 
 
 
 
 
 



 135                                  Jessica Lagerstedt 2003 
 
 

12   FURTHER CONSIDERATION 
In a sustainable society environmentally adapted products must also function 
well, be accepted on the market, and be economical for both customer and 
manufacturer. Therefore materials and processes related to the most 
important criteria in the FP should not be replaced without justifiable 
reasons. In other words, materials and processes, strongly linked to high-
priority customer demands, should be considered very carefully before they 
are removed or replaced, even though they may have a high environmental 
impact. This relates especially to those materials and processes associated 
with life-saving products, such as halon-based fire-fighting equipment or 
respirators. The message being conveyed here is that these types of products 
may justifiably be more environmentally unfriendly than luxury products. Put 
another way, criteria with low values are not very important for the product’s 
functional performance, thereby allowing the preferable option of selecting 
more “environmentally friendly” materials and processes in production, even 
where they won’t completely fulfil the functional constraints. For example, 
when designing disposable products, physical lifetime and use-time criteria 
have low values, and therefore it is preferable to use recyclable materials in 
their production. Furthermore the FP could be used as an educative-imaging 
tool, providing a picture of the product in the back of the designer’s mind, 
conveying information about its various functional priorities (Lagerstedt and 
Grüner, 2000).  
 
Overall the functional profile concept defines the characteristics of the 
product and therefore also its market niche. That is, once the functional 
profile is established, the profile helps define and declare who the users are 
and what kind of demands they have on the product. In the example of 
vehicles for personal use it would be possible to distinguish intercity travel, 
long distance transportation and sports vehicles, but also the functional 
characteristics of the three. In an LCA study all the three vehicle types would 
have the same functional unit - to bring a person from point A to point B.   
 
Moreover, it could be difficult assigning different sorts of values to 
properties (in a way ranking the criteria). Positive people often seem to 
assign high values and negative people assign low values. One possibility for 
getting around this problem would be to establish rules for scoring the 
categories. For example, that there must be at least two categories assigned 
10 and two assigned 0. Another way would be to invite a designers 
committee to establish functional profiles for different kind of products. 
Since it is easy for an individual to bias various qualitative expectations, a 
third possibility would be to allow a multi-functional team perform the 
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evaluation. Nevertheless, for conveying a proper value, it is important to 
always comment on the basis for assigning the value for each category.  
 
Different scales for characterising properties have been elaborated (for 
example 0-1), (Lagerstedt and Luttropp, 1999). Using the integers 0-10 was 
found to be the easiest scale to use.   
 
Today, actual values are estimated in the profiles. Additionally, it would be 
possible to include improvement targets too. In order to show what direction 
to take (establish new set-point-values for the categories) another column 
could be inserted beside the already existing one. The first column would 
indicate what we have been using actual values, and the second column 
would indicate what we want to achieve using set-point-values.  
 
The intervals used for evaluating the categories in the early design 
environmental profile are representative for a general set of products. As the 
intervals are semi-quantitative (based on quantitative numbers using a 
qualitative representation) these intervals could easily be further investigated 
and mapped.  
 
The real environmental impact from a company’s products is strongly related 
to the number of products produced per year. When identifying materials 
and energy to be used, it is important to consider the total resource 
consumption. To come closer to the real environmental impact, it is possible 
to multiply a material or energy category in the EP by the category (K) 
“Number of products produced per year#. For example, to determine 
approximate energy consumption from a company’s products in use-phase 
during one year (Q) “Energy consumption” should be multiplied by (K) 
“Number of products produced per year”. 
 
Results from quantitative, eco-design methods usually require large amounts 
of time and information to understand and compile. Turning these 
quantitative methods into simpler ones could reduce their reliability and 
validity.  The amount of time and information required for achieving 
certainty makes quantitative methods less usable in the early phases of 
design. It is furthermore argued that even in situations where one product 
actually is environmentally preferable to another, this will normally not be 
possible to show in a scientific way by any method. Decisions must therefore 
be made on a less rigid basis if changes are going to happen, (Finnveden, 
1998). Qualitative measures are less time consuming and less information-
intensive, however they are hard to apply strictly. However, qualitative 
methods can still be efficient in the product-development process. Even 



 137                                  Jessica Lagerstedt 2003 
 
 

though the values in the functional-environmental concept are not 
quantifiable magnitudes, the profiles allow qualitative discrimination and the 
matrix system helps distinguish areas of importance.  
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IV CONCLUSIONS AND DISCUSSION 
 
13   SUMMARY OF FINDINGS AND CONCLUSIONS  
Increasing production and consumption of goods have led to an 
environmental crisis, the dangers of which are now becoming obvious. In 
order to achieve environmental-product improvements, eco-design must 
adapt to and become a natural part of the product-development process, 
preferably as early in the process as possible. As shown by many studies, 
designers seldom place high priority on environmental demands - there is 
simply not enough time for dealing with environmental issues. In other 
words, demands other than environment, such as durability, technical 
flexibility, aesthetics and ergonomics are more important to designers.  
 
Environmental impacts are often discussed in the context of life-cycle 
design, though functionality and customer benefits also enter the debate. In 
respect to achieving a sustainable society, there has to be a balance between 
environmental cost and the functional income (see Fig. 4.3). Though there 
are reliable eco-industrial methods available for determining the 
environmental performance (such as LCA), the most important thing for the 
environment is not the results of these methods, but actually doing 
something in reality. To gain the maximum benefit for the environment and 
progress toward the sustainable society, it is however essential to consider 
both the functional income and the environmental cost of the product, and 
to balance these aspects. 
 
A need was identified for a better understanding of the balance between 
product functionality and environmental impact. Taking this need as the 
starting point, the objective of this research was to explore the how 
functional and environmental characteristics of products could be 
represented and balanced in the very early phases of product development 
and design for environment, and how this approach could assist system 
designers to improve products from a sustainable point of view. 
The aim of the thesis has been to create a descriptive, conceptual model for 
identifying functional and environmental priorities in eco-design. The model 
is envisioned to complement existing design for environment methods, not 
to replace them and the focus is general rather than specific. Instead of being 
a product-development tool or method, the concept is an approach that 
increases the understanding of the inter-reaction between functional 
characteristics of products and their environmental characteristics, to 
facilitate appropriate decisions and trade-offs. The main areas of study have 
been design for environment, product functional preferences and 
environmental issues, design requirements and the role of the designer. 
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A correlation matrix was developed to incorporate both functional an 
environmental aspects at early design evaluation. The concept is called eco 
functional matrix and was built to support qualitative assessment and trade-
off discussion to approach the design problem at early conceptual stages. 
Functional characteristics are evaluated in a Functional Profile and 
environmental characteristics are evaluated in an Environmental Profile, 
which are then assessed in a relationship matrix. Evidence from the case 
studies show that the profiles and matrices can help frame systematically the 
design problem by identifying critical parameters. Furthermore, interactions 
made explicit by the matrix can be used to support trade-offs discussions. 
Thus, the matrix establishes a communication platform for revealing 
environmental design strategies. As a result further insight into relationships 
between functional and environmental product characteristics is gained, 
characterising for example, what are the most important factors.   
 
The approach has been multi-methodological and was performed according 
to an iterative puzzle-solving process, utilising a variety of different kinds of 
sources, (e.g. theories, case studies, and discussions with both company 
employees and customers involved in descriptive questionnaires and 
interviews (both quantitative and qualitative)), to provide answers to the 
research issues. Thus, the findings of this thesis are based on an iterative 
(qualitative and semi-quantitative) and non-linear process and can only be 
put up as statements from a finite set of observable facts. From the theory of 
science (e.g. Chalmers, 1999) we can learn that universal statements are 
logically impossible to prove; we can only put them up as hypothesis or 
theories. This means that the models and concepts presented in this thesis 
can be falsified but hardly ever proven to be correct. Even though the final 
versions of the profiles and the matrix have not been tested, the iterative 
process itself contributes to the evolvement of these concepts.   
 
However, of the utmost importance for designers working in eco-design, is 
their awareness of the product and its context - its temporal and geographical 
dimensions, societal aspects, cost, the size of company, the sorts of changes 
possible to make and the technology currently available.  
 
To conclude, as well as focusing on how to reduce negative environmental 
impacts, it ought to be possible to improve the incorporation of important 
functional requirements into the product, still coming closer to achieving 
sustainable design. Balancing both the functional requirements and the 
negative environmental impacts of products is the road to sustainable 
development. The concepts and models presented in this thesis contribute to 
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the roadmap by identifying functional and environmental factors in early 
phases of product development. I believe that this will cause many new 
challenges for decision-makers and enrich eco-design modelling. This will 
also enable models to handle life-cycle costs, social impacts etc., i.e. just 
provide an input to multi-criteria decision making.  
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14   SUGGESTIONS FOR FUTURE RESEARCH 
Suggestion for future research would be to continue developing the eco 
functional matrix concept and to test the concept further in industrial 
situations.  
 
One interesting direction would be to gather a designers committee and user 
and society representatives to functionally evaluate a large number of 
products. Additionally user behaviour could be studied and incorporated in 
the functional profiles. Concurrently environmental profiles could be 
established using environmental specialists. All this information could then 
be assessed in an eco-design catalogue on functional and environmental 
profiles.  
 
Another relevant question to investigate is to what extent product attributes 
in the characterisation framework are open (or not) for tradeoffs. In the 
conceptual design phase, some high-level attributes are often locked into 
specific values from the very beginning in the product planning stage. For 
example, if a two-year contract with a supplier has been signed, this might 
lock the trade-off on the specific components from this supplier. Such 
constraints may result from company culture, supply chain, or manufacturing 
constraints. Early identification and declaration on open and locked 
parameters for trade-off saves time and money. In fact, these issues 
incorporate true design problems, but they are also a key to sustainable 
product design in industry. The basic idea would be to explore to what 
extent different product attributes in the characterization framework are 
open (or not) for tradeoffs.  
 
Third, product classification according to common functional patterns is 
being explored. Even though every product is unique, the general goal of 
product classification is to identify distinct common patterns among a group 
of products and thereby turn the shared characteristics to its best e.g. to 
develop generic guidelines. For example platform products based on the 
purpose of modularity to handle product variety shorten lead-times and 
reduce costs. A common approach used at Ford is to standardize 
(modularise) vehicle components.  A functional based product classification 
would ease the evaluation of the functional profile, but also help developing 
eco-design strategies and guidelines. The classification criteria can be based 
on different functional criteria, for example hobby or professional use and 
industrial or consumer products.  
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VI  APPENDIX 
 
 
APPENDIX 1 - DEFINITIONS  
 
Cost Benefit Analysis (CBA) An economic method to measure and 

balance both costs and benefits in a socio-
economic perspective. (see 5.9) 

 
Design for Environment (DFE) The process of creating products and services 

for a sustainable society, and includes such 
disciplines as engineering design - also 
known as green design, eco-design, life-cycle 
design, life-cycle engineering and clean design 
(see 4.1) 

 
Eco-design method Methods used to measure and describe the 

environmental impact of products and 
services (see 4.2)  

 
Environmental Profile (EP) An environmental representation of new 

products in early phases of design, based on 
product characteristics (see Section 8) 

 
Environmental category Part of the environmental profile 

categorising environmental related attributes 
into different categories of properties, 
characterising important environmental 
related properties of products in the early 
stages of product development (see 8.4).    

 
Functional category Part of the functional profile categorising 

secondary functions into different categories 
of properties, characterising important 
functions of products in the early stages of 
product development (see 7.4)    

 
Functional description Part of the functional profile describing the 

main function of a product concisely in a 
single sentence (see 7.4) 
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Functional Profile (FP) A functional representation characterising 
the main areas of interest for new products 
in early phases of design (see Chapter 7).  

 
Eco Functional matrix A communication platform for visualising 

correlations between environmental impact 
and functional priorities. The matrix 
combines functional and environmental 
profiles (see Section 9) 

 
Kano Analysis (KA)               A model for characterising customers needs  

(see 5.8) 
 
Life-cycle Assessment (LCA) An eco-industrial method for measuring, 

assessing and evaluating the total negative 
environmental impact or stress caused by a 
product, creating a holistic view of the total 
environmental performance throughout the 
product life-cycle (see 4.3) 

 
Product concept descriptors A set of general product attributes to be 

used in a learning surrogate LCA model. 
(see 4.4)  

 
Value Analysis (VA) An organised, systematic and creative 

method for obtaining the required functions 
of a product for the lowest possible economic 
cost (see 5.6) 

 
Quality Function Deployment (QFD) A product-development method bringing 

customer requirements into the product-
development process, identifying customer 
needs and desires and translating these into 
product expectations (see 5.7) 
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