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Abstract
The objectives of this paper are twofold: to identify
engineering designers utilization of Design for Environment (DfE) methods and tools, and to investigate what
basic design-related requirements a DfE method or tool
should fulfill in order to become actively used in industry
among engineering designers.
Most of the requirements for designers are related to
their aims of fulfilling product performance and minimizing development time. There are four major requirements
that a DfE method or tool, as well as a common method
or tool, must exhibit. First, it must be easy to adopt and
implement; second, it must facilitate designers to fulfill
specified requirements on the presumptive product. Third,
it must reduce the risk that important elements in the
product development phase are forgotten. The two latter
requirements relate to a method or tool’s degree of appropriateness, but also to the fourth requirement, which
is considered here the most important: that the use of the
method or tool must reduce the total calendar time (from
start to end) to solve the task. The conclusion is that DfE
methods and tools must be designed to better comply with
its main users - in this case the designers.
Key words: Design for Environment, Methods and Tools,
Requirements, Engineering Designer
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Introduction

This paper is partly based on the author’s recently presented doctoral thesis titled “Engineering Designers' Requirements on Design for Environment Methods and
Tools” [1]. In this paper, however, the author’s previously presented research has been strengthened with empirical data from three new studies by Jilderin and Omberg [2] and Rilegård [3]1.

1

Presents two studies, one interview and one questionnaire study.
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Objectives
The objectives of this paper are twofold:

• Identify engineering designers’ utilization of DfE
methods and tools; and
• investigate what design-related requirements a DfE
method or tool should fulfill in order to become actively used2 in industry among engineering designers.

3

Design for Environment (DfE)

Design for Environment (DfE) has become more and
more important for companies in recent years. Bakker [4]
defines DfE as “the development of products by applying
environmental criteria aimed at the reduction of environmental impact along the stages of the product’s life
cycle”.
There has been a trend towards the rapid development
of DfE methods and tools in recent years, with the result
of a considerable number of new DfE methods and tools
as seen in, for example, Simon et al. [5], Wrisberg et al.
[6] and Ernzer and Birkhofer [7]. Potential DfE methods
and tools fall into a wide range of categories, from relatively simple checklists or general guidelines to more
complex software-based decision-making methods [6].
According to Mathieux et al. [8], extensive research on
DfE has mainly been carried out by research organizations and industrial companies. A great amount of relevant literature has been published concerning how to perform DfE, for example Brezet and Gertsakis et al. [9].
The ISO has developed a standard within the ISO 14 000
framework on how to integrate environmental aspects
into product development [10].

2
Actively used is defined as “when a method or tool is regularly utilized because of a high degree of appropriateness and usability”. Usability is defined as “the support to solve a specific task with efficiency (to
do things right ) and effectiveness (doing the right things)”, and Appropriateness as “the user’s integrated comprehension of the quality of the
outcome of the method or tool”[1]

3.1

Use of DfE

Ritzén and Lindahl [11] as well as Ernzer and Birkhofer [7] state that despite the number of available DfE
methods and tools, there are relatively few which are
widely used by companies. One reason for this low utilization is that they are time-consuming; another is that
many of them focus on only on environmental issues
[12]. For the enterprises and their engineering designers3,
of course, the environmental issue is but one of many
issues to be considered.
When DfE methods and tools are used, these methods
and tools are often not integrated in the product development process. This is a point highlighted by Baumann et
al. [13], Ernzer and Birkhofer [7] and Tukker et al., [14]
and was also a finding of the author in his earlier research
[15, 16]. NUTEK, the Swedish Business Development
Agency [17], had a similar conclusion in its final report
on a three-year-long DfE project.

3.2

Isolated development of DfE methods and
tools

Even though more and more approaches focus on how
to perform DfE, as well as on what is required for its
successful integration, there seems to be a gap between
the developers and the presumptive users. Bauman et al.
[13] have examined articles4 concerning methods and
tools in the area of DfE. They found that there were relatively few references describing the diffusion of DfE
methods and tools, the experience of how these tools and
methods worked in product development, and how useful
these methods were in actually reducing the environmental impacts of products. Baumann et al. conclude that
most publications with an empirical content report on the
testing of new DfE methods and tools, and that these are
often developed at universities and tested by researchers
in company case studies. This is supported by Tukker et
al. [14]. They report that many of the DfE methods and
tools are developed by researchers within universities or
research institutes. In some cases, there is little or no testing of these methods and tools in industrial practice.
Based on their literature review, Baumann et al. [13]
conclude that there has been an overabundance of DfE
method and tool development. According to these authors, the references indicate that those involved in the
field are more interested in developing new DfE methods
and tools, rather than in studying the use of existing ones
in order to evaluate and improve them, as well as evaluat-
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“Engineering designers” are herein referred to as “designers”
Their literature study is based on a cross-disciplinary database containing around 650 research articles, taken from the engineering, management, and policy studies disciplines.
4

ing them in accordance with how well they fit into product development.

3.3

The designer – a presumptive key user

To achieve a successful product development effort, it
is important to make the right decisions from the beginning in order to avoid expensive changes and delays. It is
also important to select appropriate methods and tools
and, at an early stage, to involve needed competencies
[18]. These competencies, in turn, influence methods and
tools selection, and vice versa. Designers, i.e. those who
are involved in giving the product a design (such as design engineers and industrial designers) are a central
competence group in product development. Therefore, the
position taken is that designers bring crucial competencies to successful DfE initiatives, and should therefore
be important primary presumptive and practical users of
DfE methods and tools.
If the ambition is to integrate DfE into ordinary product development – as is the ambition with ISO 14046 [10]
– then there is also an essential need to involve and consider one of the main presumptive users of DfE methods
and tools: the designer. In fact, it is the designer who is
often the main practical executer of methods and tools
used to develop a product. Even if designers do not always decide what method or tool to use, their use influences the outcome and the benefits from the use. When
using a method or tool, it is important to understand its
various advantages and disadvantages. It is also important
to know under what circumstances the method or tool’s
result is valid. This implies that a method or tool is dependent on the user, i.e. whether the user misuses or does
not understand how to use the method or tool, or whether
the result and/or interpretation of the result will reflect
this [19]. The method or tool user always has interpretation precedence. It is more or less irrelevant whether the
aim of the method or tool developer was to emphasize
environmental impact if the user does not realize that, but
instead utilizes the method or tool for other reasons, such
as, for example, to save costs. In short, what the user interprets is what matters the most.

4

Utilization and usefulness

According to Ritzén [20], the usage of methods and
tools only becomes a regular activity if they support the
users, in this case designers, with their own work. Considering the above in combination with the low level of
industry utilization of DfE methods and tools, a developer
of DfE methods and tools should consider why DfE methods and tools have such limited use in industry [1]. One
possible explanation could be that the DfE method or tool

2

5
Requirement is in this paper defined as “a specific description of an
attribute”.
6
However, with this type of utilization, there is a risk that the designer
will rely on a previous outcome and his changes imply that the outcome
is not valid any longer. In a way, changes will always imply that the
outcome changes, but the problem is to know when there is a need for a
new updated version.
7
See also Riztén and Lindahl [11].

In this paper, the concept usability is introduced to describe the user’s integrated comprehension of the userelated qualities of the method or tool, for example if they
are easy to learn and use. Other qualities are the method
or tool’s support concerning efficiency, as in “to do
things right”, and effectiveness, as in “doing the right
things” [21]. Given this, usability is defined as “the support to solve a specific task with efficiency and effectiveness”. High usability refers to when a tool enables its
users to generate an outcome in the early phases of the
product development process.
Another concept used is appropriateness: the user’s
integrated comprehension of the quality of the outcome of
the method or tool. The quality of the outcome is a combination of factual and subjective aspects, is highly context-related, and is where the satisfaction of the outcome
influences the degree of appropriateness. An example of a
factual aspect could be that the outcome accuracy is
within the limits defined by the customer, while a subjective aspect could be that the user does not consider the
outcome reliable. The two different parameters imply that
four major types of method and tool usefulness exist, as
shown in Figure 1.

High

Degree of
Appropriateness

3

4

Low

does not fulfill the users’ – i.e. designers’ – requirements5.
If so, the application of those requirements could be useful for further development of the DfE method or tool.
This paper deals with the identification of those designer
requirements.
Focusing solely on utilization when evaluating different methods and tools may be dangerous. There is a major
risk that the wrong conclusions will be drawn, for example what requirements a method or tool should fulfill in
order to be regularly utilized. Just because a designer
regularly utilizes a method or tool does not necessary
imply that method or tool is successfully applied. One
example of this is when the utilization is a formal must in
the product development process, and the designer considers the outcome useless, already known or not needed
for the further product development work.
Another example of when only focusing on utilization
is dangerous is when a method provides a useful outcome
for a product that is valid for an extended period, perhaps
for several product generations. This could imply that the
designer does not comprehend any need to utilize the
method regularly, even though the outcome is useful6.
The low or non-existing utilization could also be a result
of management issues that prevent the utilization, or because the method or tool is unknown to the designers.
When examining different methods and tools, it important to note and be aware of the fact that their major purposes may differ substantially. For example, the purpose
of brainstorming differs greatly from that of various types
of DfE tools. Sometimes, the main purpose with the use
of the method or tool is not the outcome itself, but rather
how the outcome is received.
It is the author’s conclusion that general methods and
tools, as well as DfE method and tool utilization, must be
studied and related to the overall context of the situation,
for example the type of product development or level of
education7 [1]. Utilization is just a quantitative measure of
the frequency of use. It is related to the number of product development projects, and is a function of its usefulness, i.e. whether the method or tool suits the purpose.
From a designer’s perspective, the usefulness of a method
or tool depends on two different parameters (even if interlinked): the quality of the method or tool and the quality
of the outcome. Both these two parameters are partly
subjective and context-related quality measures, implying
that they can be difficult to measure scientifically.
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1

Low

High

Degree of
Usability

Figure 1. The principal relation between a method or tool's
degree of appropriateness and its usability. Degree of usability is related to a method or tool’s support to solve a
specific task with efficiency and effectiveness. Degree of
appropriateness describes the user’s integrated comprehension of the quality of the outcome of the method or
tool. The quality of the outcome is a combination of factual
and subjective aspects, is highly context-related, and is
where the satisfaction of the outcome influences the degree of appropriateness [1].

The first type is when a method or a tool has a high
degree of usability, but the designer experiences the gains
or appropriateness as low. An occasion when this could
be the case is when the use of a method is dictated as a
formal “must” in the product development process. Nevertheless, the usability of the outcome for the individual

3

designer is low, for example because the outcome is already known or not needed for further work.
The second type is when a method’s low usability results in a poor understanding of the method’s benefits,
and thus low appropriateness.
In the third type, the designer’s comprehension of the
usability is low, but they consider the outcome as having
a high degree of appropriateness; one example is a
method or tool that is very tricky and complicated to learn
and use, but where the outcome compensates for this.
The fourth type is the ideal one, and an example of
high usability and appropriateness. For example, a designer regularly utilizes a CAD program whose outcome
gains the concept of his or her own ideas – a concept that
implies further utilization such as an increased degree of
usability and appropriateness. This usability and appropriateness, in turn, generates increased utilization. This
type of utilization is denoted in this paper as actively
used, and defined as “when a method or tool is regularly
utilized because of a high degree of appropriateness and
usability”.

5

Research method

A major challenge for this research has been how to
study DfE methods and tools, when they are so rarely
utilized within the industry. This section explains the
general research strategy to solve this problem and the
specific research strategy selected here.
Research on environmental issues highlights some
risks, for example the fact that people tend to respond to
what is assumed as morally good or politically correct in
a specific culture/context. This risk, in combination with
the low use of DfE methods and tools, was expected to
make it hard to exclusively study these kinds of methods
and tools. Instead, in order to obtain a wider perspective
on designers’ use of methods and tools, and to avoid
negatively influencing the respondents, the focus has
been on the general use of methods and tools. This wider
perspective is based on the assumption that the basic requirements for any method or tool to become utilized are
basically the same. “Requirement” is, in this context, defined as a “specific description of an attribute of something”.
The unit of analysis is the designer’s experience of
used methods and tools. Investigating designers’ own
experience of methods and tools is a means for finding
industrially applicable methods and tools, i.e. DfE methods and tools. Designers’ requirements for methods and
tools can be empirically investigated in several ways; in
this research, the following two ways have been used:
• Directly, by asking designers what requirements they
have for their methods and tools.

• Indirectly, by asking designers about their experiences
with utilized methods and tools, in order to find characteristics that unite these methods and tools and
make them easier to explain characteristics that can
later be transformed into requirements.
Based on the research strategy, two types of research
methods have been used: qualitative research interviews
and questionnaire studies. Altogether, this paper is based
on five qualitative research interview studies and two
questionnaire studies (see Table 1). All participating designers are from Swedish companies.
Table 1. Number of respondents and participating companies in the research studies. I – “Experience of and requirements on methods for product development” [19], II “Engineering designers’ experience of design for environment methods and tools” [22], III – “Usability and demands
on design engineering tools and methods utilized in Small
and Medium Sized Enterprises” [2], IV - “Use and perception of Design for Environment (DfE) in Small and Medium
Sized Enterprises in Sweden” [23], V-VI – “Criteria for
good design for environment methods and tools - a study
of small and medium size enterprises requirement” [3] and
VII – “User Requirements for Design for Environment
methods and tools” [24].
Study:

I

II

Type

III

IV

V

Companies

1

1

5

VI

VII

Questionaire8

Interview
10

7

149

24

Departments

1

3

5

-

-

-

-

Respondents

11

13

10

15

9

62

203

77%

96%

Interview time10
Responserate

6

1 hour

Discussion

The studies reveal that designers view themselves as
users of methods and tools in quite low numbers, which
the analysis of the results from the questionnaire emphasizes [1]. The most utilized tools are various kinds of
Computer-Aided Design (CAD) tools; if all CAD tools
are considered as one tool, then there exist few additional
methods and tools utilized independently by more than a
fifth of the respondents [24]. Among DfE relatedmethods and tools, the only ones mentioned during the
studies have been EEA and LCA. In the study presented
8
Both questionnaires were Internet-based and distribuated electronically
via e-mail. Several questions were logical and dynamic questions, meaning that one answer influenced further questions.
9
8 major and 16 small and medium-sized enterprises.
10
The average interview time per respondent.
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in [24], EEA was used by respondents from the majority
of the companies, but LCA appeared to be used at very
few companies. Aside from two exceptions, the respondents that used LCA were all working at major companies, with half of these respondents at the same company.
It is interesting to note that EEA was so widespread
among so many different companies. It seemed more
probable that LCA would be more common among the
companies, due to the major focus on that method in
Sweden and the fact that the method is older than the
EEA method.
Based on the research, it was not possible to conclude
whether this result was based on the fact that EEA was
developed from on lessons learned in the use of other DfE
methods and tools, i.e. designer requirements on a method
or tool [25]. Nevertheless, it has most likely had some
influence.

6.1

Designers’ method and tool requirements

Klein [26] states that a democratic or participative
method or tool needs to include what is important to the
people in the situation, even if this does not match the
original purpose defined by the method or tool developer.
The author’s conclusion is that it is important to understand the context in which a method or a tool is used in
order to state requirements on the method or tool. Based
on studies by Norell [18], Klein [26], Ehrenfeld and
Lenox [12], Ritzén [20] and Ernzer and Birkhofer [7], the
conclusion is further strengthened. The research has highlighted that this understanding of the context in which
designers use methods and tools seems to be an important
issue.
The above conclusion, especially considering Klein
[26], implies that DfE methods and tools must not only be
appropriate from an environmental perspective, but from
a user perspective as well. Further, if a method or tool is
developed and applied without understanding the circumstances in which it was developed and without a diagnostic approach to the circumstances in which it is to be applied, then the likely result will be inappropriate application.
The discussion above implies that whether a method or
tool is actively used or not does not simply depend on the
method or tool itself. As shown in the studies, a method
or tool can be actively used in one context but not in another, something which is also supported by Ernzer and
Birkhofer [7]. When a method or tool is selected and later
implemented, several context-related aspects, for example
organizing arrangements, social factors, physical settings,
visions, and technology, influence their active use as well
as the existing context. NUTEK’s [27] conclusion is in
line with this, as it states that the company’s size, branch,
operations and even the expertise that exists within the

company are all important to the best-suited choice of
method and tool. Change in one factor will usually require complementary changes in another. This implies
that the interdependence between organizational characteristics must be taken into account.
Discussion about identified method and tool
requirements
Despite the lack of identified formal requirements in
the studies, the designers had several informal requirements, often connected with the reasons expressed for
utilizing methods and tools. This section presents and
briefly discusses the method and tool requirements identified from this research, several of which are interlinked.
Appropriateness-related requirement
Reliable and relevant outcome – One of the most
important requirements is that a method or tool must provide outcomes that are relevant and reliable for the user,
in this case the designer. The requirement itself is problematic depending on the problem described, especially
when considering how to quantify what an appropriate
outcome is. In other words, what for one designer may be
considered a reliable and relevant outcome may not be for
another. For DfE methods and tools, where are often
problems in finding adequate data, the issue of reliable
and relevant outcomes becomes even more difficult since
much of the used data is instead based on validations,
assumptions and limitations. The capacity to validate
whether an outcome is reliable and relevant is dependent
on the user’s experience and knowledge. As shown in the
studies, designers’ knowledge about DfE-related issues –
i.e. their capacity to validate the outcome – appears to be
low.
Usability-related requirements
Direction towards a target area rather than a road
map to the target – This requirement relates to the
method or tool’s degree of usability, i.e. efficiency and
effectiveness. “Freedom of action” appears, at least according to this research, to be important for the designers.
It also seems probable that this is the very nature of the
product development, often called the design paradox11
[28].
Time efficient – This was not only one of the most
frequently mentioned requirements during the studies, but
is also a more or less explicitly mentioned requirement in
the literature. The requirement could be interpreted as a
logical consequence of increased competition [29] and the
design paradox. The requirement is related to the degree
11
The paradox is that when the general design information is needed, it
is not accessible, and when it is accessible, the information is usually not
needed [1].
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of usability, i.e. to “do things right” and to “do the right
things” (see Section 4).
Setup time – Related to time efficiency is the conclusion based on the studies that a method or tool must not
have an excessive setup time. For designer comprehension, complicated methods and tools must be daily or at
least regularly utilized; otherwise, designers tend to forget
how to utilize the method or tool’s specific functions and
the setup time increases12. At the same time, this implies
that the number of methods and tools a designer can utilize is limited.
Not require excessive simultaneous collaboration –
Collaboration takes time and coordination, influences the
setup time and diminishes designers’ freedom of action
[1].
Integration – Adjustable to different contexts –
Mentioned more or less explicitly by some designers during the studies is the different companies’ culture or specific ways of performing tasks, often a fundamental reason for the success of a company. This implies that a
method or tool must be able to fit into and be adjustable
to this culture, i.e. the specific context, an assertion also
supported by Ernzer and Birkhofer [7]. Further, if the
method or tool is not sufficiently integrated or adjusted
into a company’s context, there is also a risk for standalone methods and tools as described by Ehrenfeld and
Lenox [12], i.e. methods and tools with outcomes not
appropriate to designers. During the inverview studies,
respondents expressed several examples of stand-alone
methods and tools.
Computer based – When looking at which methods
and tools are used more regularly, the conclusion based
on this reasearch and other existing research studies such
as e.g. Norell [18] is that the method or tool should be
computer-based.
Easy to adopt and implement – This can be seen as
an overarching requirement that can be divided into subrequirements:
• Gradually introduced gadgets/functions – A
method or tool must not be experienced as being too
complex/complicated, at least not from the beginning.
This implies that the user should not be required to
know everything and understand the method or tool’s
functions from the beginning to be able to use them.
When the user gains experience, he or she can add
more and more gadgets/functions to make, for example, the result more and more precise. According to
many of the respondents in the studies, too many
methods and tools attempt to accomplish too much
from the beginning instead of starting at a lower level.
According to some of the designers in the studies, it is
better to have many different methods or tools that
12

For further discussion, see Lindahl [22].

complement each other rather than one that tries to
cover everything, especially when only a part of the
method or tool is used.
• Easy to understand the benefits – Simplicity also
requires that it must be easy to understand and experience the benefits of the method or tool, something
which is in line with Norell [18]. According to the inverview studies, the method or tool must be intuitive,
logical and easy to communicate, and the benefits received by applying the method or tool must be obvious in comparison to the effort that would be needed
if the method or tool was not used. This requirement
is especially important for rarely used methods and
tools.
• Intuitive and logical – The presumptive user ought to
be able to realize how the method or tool and its different parts fit together. Designers in the studies understand that it is advantageous if the method or tool
is intuitive and resembles other methods or tools that
have been used. This may provide benefits such as a
faster learning process and easier integration of different methods and tools. For example, if the designers
are already familiar with FMEA, this seems to aid the
learning and intuitive understanding of the methodically-similar EEA method [30]. On the other hand, if
the designer must read several hundred pages of a
long description or manual (often with academic jargon) before even using the method or tool, it is likely
that he or she never will even start reading. Instead,
designers in the inverview studies preferred methods
and tools requiring a minimum of education, and
which they could start up and use immediately. After
that, if questions occur, they should know where to
find answers, for example from a manual. The conclusion is that the intuitive and logical aspect is especially important for methods and tools that are rarely
used.

6.2

Method and tool requirements’
implications on DfE methods and tools

If DfE methods and tools are to become actively used13
in the product development process, it is important to
increase the understanding about what make users consider them as usable and appropriate. Whether a DfE
method or tool has a specific environmental degree of
appropriateness is more or less irrelevant unless it is not
utilized.
The studies have generated several requirements that
can be adopted for the further development of DfE methods and tools.
13
The opposite would imply that there were no need in the first place to
develop something neither needed nor asked for.
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Conclusions

The conclusion is that the new studies by Jilderin and
Omberg [2] and Rilegård [3] support and strengthen the
earlier conclusions drawn in Lindahl [1].
Designers’ utilization of DfE methods and tools is limited. Depending on the context, different actors’ requirements are more or less important. In this research, the
focus has been on designers’ requirements, since they are
considered as key users because of their strong influence
on utilization and the quality of the outcome. The conclusion is that it is more or less impossible to discuss requirements for a method or tool unless considering the
context in which the method or tool will be utilized. Further, the major actor involved must gain something, for
example a more time-efficient product development, from
using the method or tool unless it is likely that the utilization will stop or perhaps never even start. As this research
has shown, the major actor in the product development is
the designer.
Of all the designer-related requirements given and
validated by the respondents, most are related to designers’ aims to fulfill the product performance and keep
down the development time. This can be summarized into
four major requirements, of which three are interlinked.
The conclusion is that a DfE tool as well as a common
method or tool must exhibit the following:
1. Be easy to adopt and implement. Whether a method
or tool fulfills the three following requirements is of
lesser importance if leads to problems with adoption
and implementation and is seen as having a low degree of usability, and therefore is not utilized by the
designers in their daily work. This requirement is the
key for a method or tool to become actively used.
2. Facilitate designers to fulfill specified requirements
on the presumptive product and at the same time…
3. …reduce the risk that important elements in the
product development phase are forgotten.
Both of these two latter requirements relate to a
method or tool’s degree of appropriateness. The second
and the third requirements are related to the fourth requirement, which is considered by the author to be the
most important:
4. The use of the method or tool must reduce the total
calendar time (from start to end) to solve the task. If
the method or tool helps designers to fulfill specified
requirements, it will also most likely help them to reduce the calendar time as well as the number of working hours needed to develop the product. This is also
something that enables designers to introduce changes
in early phases of the product development process
when changes still are easy to make. Likewise, if the
method or tool reduces the risk that important moments in the product development are forgotten, it will

most likely have a positive effect and reduce the calendar time and number of working hours needed.
Of course, other requirements can be added and the
above four can be divided into more detailed requirements. However, much would be gained if these four requirements were used as a first overall validation of the
usefulness of the method or tool. If the result of the validation is positive, further requirements that are more detailed can be used in order to obtain a more detailed validation.
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