What could be learned from the utilization of
Design for Environment within manufacturing
companies?

Mattias Lindahl, Olof Hjelm, Erik Sundin and Leif Thuresson

Linkdping University Post Print

& Tweet

N.B.: When citing this work, cite the original article.

Original Publication:

Mattias Lindahl, Olof Hjelm, Erik Sundin and Leif Thuresson, What could be learned from
the utilization of Design for Environment within manufacturing companies?, 2005, Fourth
International Symposium on Environmentally Conscious Design and Inverse Manufacturing,
2005: Eco Design 2005, 232-237. ISBN: 1-4244-0081-3
http://dx.doi.org/10.1109/ECODIM.2005.1619208

From EcoDesign 2005: 4th International Symposium on Environmentally Conscious Design
and Inverse Manufacturing, December 12-14, 2005 in Tokyo, Japan

Postprint available at: Linkdping University Electronic Press
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-36427



http://dx.doi.org/10.1109/ECODIM.2005.1619208
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-36427
http://twitter.com/?status=OA Article: What could be learned from the utilization of Design for Environment within manu... http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-36427 via @LiU_EPress %23LiU

1D-1-2F

What could be learned from the utilization of
Design for Environment within manufacturing companies?

Mattias Lindahl*, Olof Hjelm*, Erik Sundin? & Leif Thuresson®
Environmental Technology and Management, Department of Mechanical Engineering
?Production System, Department of Mechanical Engineering
Linkdping University, Sweden
Mattias.Lindahl@ikp.liu.se

Abstract

This paper describes experiences from several years of
DfE studies at different manufacturing companies, as well
as their strategies for approaching DfE.

The general experience from the authors is that in
order to make DfE truly utilized, it must become a “living
part” of the company. To reach this point, it is important
to obtain a strong commitment not only from the
manufacturing company’s management, but also from
other DfE stakeholders throughout the company, at both
the strategic and operational levels.

DfE initiatives must be considered as a strategic issue
and an investment in increased competitiveness.

When summarizing all the experiences presented in
this paper, a conclusion is that manufacturing companies
often have a need for a general model that focuses on how
to make “DfE thinking” a natural part of the company’s
way of doing business.

Key words: Design for Environment, DFE,
Utilization, Environmental Management System, EMS.

1 Introduction

During the last decade, environmental concerns within
society have increased and become an increasingly
important issue for companies [1]. Since up to 90% of a
product’s environmental impact is determined during the
design process [2], there have been an increasing number
of arguments for the need of Design for Environment
(DfE). Bakker [3] defines DfE as “‘the development of
products by applying environmental criteria aimed at the
reduction of the environmental impacts along the stages
of the product life cycle”.

In parallel, there has been a trend towards the rapid
development of methods and tools to employ in the area
of product development. The result is a considerable
number of DfE methods and tools as seen in, for
example, Simon et al. [4] and Wrisberg et al. [5].

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 [5]. Several governments, e.g. Sweden
and Holland, have in various ways tried to support and
encourage companies to incorporate DfE within their
daily business [6, 7].

According to Mathieux et al. [8], extensive research on
DfE, mainly in the areas of strategy, methodology, and
tools, has been carried out by research organizations and
industrial companies. For example, Bhamra et al. [9] and
Ritzén [10], among others, have argued that
environmental aspects need to be integrated into product
development as early as possible, and not handled
independently.

A great amount of literature has been published
concerning how to perform DfE, for example Brezet and
Hemel [11], Gertsakis etal. [12], Lewis and Gertsakis
[13] and Ryding et al. [14]. The 1SO has developed a
technical report within the ISO 14 000 framework on how
to integrate environmental aspects into product
development [15]. Despite the literature and technical
report mentioned above, McAloone et al. [16] have stated
that little focus has been given to how DfE should be
implemented in industry — in particular beyond a
company’s environmental department and into the
product development, marketing and sales departments,
and in fact throughout the whole business [16].

There seems to be a gap between how to perform DfE
and its actual applications, research and validation of its
current use DfE within industry. Despite the fact that
many DfE methods and tools have been developed, only a
few researchers, for example Norell [17], Araujo et al.
[18], Cantamessa [19], Beskow [20], Ritzén [10],
Janhager et al. [21] and Lépez-Mesa [22], have conducted
research concerning the use of methods and tools, and
especially on the use of DfE methods and tools within
industry.

The industrial utilization and importance of DfE has
still, after more than decade, not yet become prevalent.
When DfE methods and tools are used, for example, they
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are often not integrated into the product development
process. This is a point highlighted by Baumann et al.
[23], Ernzer and Birkhofer [24] and Tukker et al. [25].
NUTEK, the Swedish Business Development Agency
[26], had a similar conclusion in its final report on a three-
year long DfE program. According to the report, some
large multinational companies (particularly in the fields of
electrical and electronic goods, motor vehicles and
packaging) are addressing the issue in a rather
comprehensive way, and the study concludes that DfE
plays a small role in many companies (particularly small
and medium-sized enterprises).

2  Objectives

The objective for this paper is to highlight some
experiences and “lessons learned” from utilization of DfE
within manufacturing companies. The overall aim is to
further improve utilization as well as implementation of
DfE in companies.

3 Research method

The authors of this paper have extensive experience
from a large number of DfE (and EMS?) projects within
Swedish manufacturing companies. This paper is based
on a literature review of the utilization of DfE and DfE-
methods and tools within companies, as well as several
studies and surveys performed by the authors and the
students they have supervised in master’s degree and
smaller course projects, see e.g. [26-34]. Both the types of
companies covered in these projects and the types of
products vary.

4  Experience of DfE

The authors’ experience is that there is no single
answer of how to best perform DfE in manufacturing
companies, since so much depends on the manufacturing
company context, e.g. what kind of product it
manufactures.

4.1 Do manufacturers need DfE?

The need for DfE depends on the different
stakeholders’ influence on the manufacturer, stakeholders
who can vary depending on e.g. the product, company,
market and point in time. For some companies, it is of
vital importance to work with DfE in order to be able to
sell, since their customers demand e.g. increasingly
environmentally  conscious  products. For  other
companies, the major benefits from their DfE work comes

! Standardized Environmental Management Systems (EMS)

from internal cost savings, e.g. from more efficient
material and energy use or from less costly service.

When identifying stakeholders, it is important to
consider that different stakeholders within the company,
such as different departments and groups (designers,
management, etc.), may have different and sometimes
contradictory needs, something that must not be forgotten
in obtaining effective and efficient DfE management.

4.2 Do manufacturers have different
approaches to DfE?

Manufactures have different ways of approaching DfE;
for example, some just test it because of curiosity and to
see if they can gain anything. Others introduce DfE based
on various stakeholders’ requirements. Based on the
authors’ projects and those of others, several examples of
DfE approaches have been identified and are presented
below.

The pilot project approach — This is an often used
approach for companies that are e.g. curious about DfE
and want to test and verify the concept. The experience is
that, since environmental issues are usually not treated as
strategic issues, they tend to be unfairly treated and not
prioritized. The literature is full of examples of pilot DfE
projects on the corporate level, but there are few examples
of thier integration into product development [35].

The incremental approach — Changes late in the
product development process translate into small gains at
high cost. The authors have seen many companies that
have started DfE projects on existing products with small
opportunities for change; the benefits, not surprisingly,
has been negligible and often involve costly
environmental improvements, a result which is not
surprising when considering Ullman’s [36] design
paradox.

The concept approach — Many manufacturing
companies, especially those in industries that have a great
deal of pressure from external stakeholders, are
developing environmental concepts to complement their
other products in e.g. the automotive industry, cellular
phone industry, etc. [37]. These concepts are often
expensive to develop, and there is seldom a market for
them since they often have a much higher price than
ordinary products.

The EMS integration approach - There are
manufacturers that are attempting to integrate DfE into
EMS operations, see e.g. [38]. This approach to DfE has
great potential, since it becomes integrated in the
manufacturer’s environmental work and could stimulate
continuous work with DfE issues.

The product development process integration
approach — With this approach, environmental issues are
integrated into the product development process. DfE
issues are implemented in the same manner as, for



example, quality issues. One way to do this is to integrate
environmental issues into other design methods and tools,
see e.g. [32].

4.3 How can DfE become a natural part of a
company’s activities?

In many companies, environmental champions have
been important actors and catalysts in the introduction of
DfE (see also [35]). However, the authors’ experience and
that of others, e.g. Simon et al. [4], is that environmental
champions are not enough to make DfE a more
sustainable, natural and frequent activity within a
company. What is needed is activity at two levels: the
strategic, to promote the issue within the entire
organization, and the operational, to put the good
intentions into practice in product development. This is
also supported by e.g. Ritzén and Beskow [39] and Lenox
et al. [40], who states that DfE activities are often
characterized by a disconnection between activities on the
corporate level and those on the product development
level.

The strategic level is often more closely related to a
company’s organization of its processes, whereas the
operational level is more related to a company’s products.
The relative importance and focus may differ between
major and small companies; still, both the strategic and
operational levels must be coordinated in order to
introduce fruitful DfE — and in the long term contribute to
a prosperous business.

However, the authors’ experience is that DfE in its
most basic form is a way of thinking and acting that could
be seen as an ongoing learning process. Multidisciplinary
communication, along with education and continuous
follow-up, are important factors in this learning process.

Multidisciplinary  communication -  Different
stakeholders tend to express their goals and requirements
in  different  ways.  Holistic,  multidisciplinary
communication contributes to an increased understanding
of different stakeholders’ views and understanding of DfE
goals and how to reach them. Nevertheless, it seems to be
preferable if requirements are translated to comply with
the receiver’s way of expressing requirements. For
example, requirements from the EMS system about
reduction of carbon dioxide should be translated and
expressed to designers as e.g. decreased fuel consumption
by 0.1 liter per kilometer.

Education — One way to gain awareness for DfE is
through education. According to Beskow [20], education
should begin with general information about what context
the DfE method or tool should be used in, why it should
be wused, and also the background behind the
methodology. Following this, more specific information
about the DfE method or tool and how to use it should be
presented. The authors’ experience is in line with the

above, since designers tend to prefer getting an education
that on an overarching level encompasses general DfE
issues like life cycle perspective and environmental
impact. Before embarking on detailed education,
however, they tend to want to test and utilize their newly
attained knowledge in order to, for example, see what
they do not understand and have questions about. This
implies that the education must be quite customized.

Reflection and follow-up — Another way to gain
awareness about DfE is through continuous reflection of
how DfE methods and tools are utilized and how they can
be used to contribute to thier own work. This, in
combination with education of the staff, is necessary in
order to maintain the company’s competitiveness [20].
Studies [27, 28, 30, 31] have shown that the experience
among the designers is that they in general have limited
time for reflection on their daily work due to their
everyday work activities, implying that time available for
reflection on the usefulness of methods and tools is
limited. Reflection can also take other forms; the more
formal follow-up of utilized DfE methods and tools is one
example. At the same time, three out of ten designers
stated that there was no follow-up of unsuccessful method
and tool use [31]. The studies show that the low degree of
follow-up is independent of the size of the company [27,
28, 30, 31]. The research studies show a generally low
degree of follow-up of designers’ methods and tools.

Finally, it is the authors’ general experience that to get
DfE to become a natural part of a company’s activities,
DfE must, in the long term, have a direct or indirect
impact on making a company’s business more profitable.
However, in what way it is more profitable is another
question, as it could be related to internal or external
profitability. Internal profitability is mainly related to cost
savings, while external profitability concerns such things
as customer benefits that could render a higher market
price.

4.4 How important is the need for DfE
methods and tools?

Research by Lindahl [41] indicates no general need for
additional DfE methods and tools; this is also addressed
by e.g. Ernzer et al. [42].

According to Beskow [20], DfE methods and tools can
facilitate learning and collaboration, activities of high
importance when integrating environmental aspects into
product development. Even so, the authors’ general
experience is that there has been overconfidence in the
utilization of DfE methods and tools and their ability to
introduce sustainable DfE into manufacturers’ product
development. There are several examples in the literature
of e.g. government-funded DfE method and tool focused
projects, e.g. DfE (demonstration) projects that have tried
to introduce DfE into companies, but these have rarely led



to the use of DfE in ordinary product development [25,
43]. In general the only result has been a redesign of
specific products. When those projects have been
followed up, the general experience is that the DfE work
has declined or died after the project’s end. However, this
is not a surprise; as earlier mentioned, DfE is more a way
of thinking and acting than a specific DfE method or tool.
Thus, simply choosing, applying and focusing on a certain
DfE method or tool is not an automatic way to introduce
sustainable DfE into product development [41, 44].
Finally, research by e.g. Lindahl [41] indicates that
today’s DfE method and tool selection is unstructured and
often dependent on a DfE method or tool’s popularity at
the moment rather than on a real analysis of the need.
Sometimes, a specific tool is selected on the basis that a
major customer or competitor is using it. Of course, the
latter can sometimes be relevant if the tool generates an
outcome that can be compared with the competitor’s
result. The implication of this unstructured selection and
lack of DfE method and tool requirements implies that it
is hard to evaluate the gains from the use of the method or
tool, since there are no values to compare the result with.

45 How important is the connection between
DfE and EMS?

Since environmental impacts are intimately connected
to flows of materials and energy, and the most important
flows, at least for manufacturing companies, are closely
linked to products (see e.g. Ayres [45] and Berkhout
[46]), it seems urgent for management systems to
encompass  products and product development.
Consequently, it appears vital to investigate the
connection between EMS and DfE [47]. In addition, many
DfE initiatives have a pilot project character [48, 49].
This is seen as a problem, since companies tend to return
to “business as usual’ after completing such DfE projects,
i.e. the long-lasting strategic and organizational changes
and the accompanying product improvements are missing.
Brezet and Rocha [49] state that “It is recognized that
eco-design activities will be limited if they are not
integrated into strategic management and the daily
operations of companies in a dynamic process of
continuous environmental performance improvements”
(cf. [50]).

Standardized EMS have the potential to remove this
barrier to DfE implementation by establishing an
organizational structure where procedures for the
inclusion of environmental criteria are facilitated and
made permanent. Ammenberg and Sundin [39] suggest
integrating DfE and EMS through a PDCA cycle. This
concerns how to integrate DfE and EMS, and is described
in more detail by Ammenberg and Sundin [38, 47].

5 Conclusions

The authors’ general experience from working with the
manufacturing companies is that if DfE is to see
increasing utilization, it must become a “living part” of
the company. To reach this point, it is important to obtain
a strong commitment not only from company
management, but also from the different DfE stakeholders
within the entire company, i.e. those at both the strategic
and operational levels. In other words, all concerned must
work in the same direction.

DfE work must be considered as a strategic issue and
an investment in increased competitiveness.

When summarizing all the experiences presented in
this paper, the conclusion is that there is a need for a
general framework that focuses on how to make DfE
thinking a natural part of the company’s way of doing
business .
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