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Environmental concern has greatly increased in magnitude within the companies of
Swedish industry. Product development has become a strategic area: the environmen-
tal adaptation of products is fundamental for a decrease in environmental impact from
human activities, and product development is an area of the greatest importance to the
competitiveness of companies. Integrating environmental aspects into product
development at operations level is needed to achieve product improvements.

The theme of this thesis is how to integrate environmental aspects into product
development. An overarching purpose has been to identify adequate activities and
changes required for integration. Great importance has been attached to conducting
changes, especially by investigating how successfully to implement support tools in
product development. Qualitative research interviews have been used to collect
empirical data. Conclusions on measures industrially applicable to enabling the
integration of environmental aspects have been drawn, as empirical data and
experiences have been accumulated.

Environmental aspects give rise to new considerations in product development: causal
relationships between products and environmental impact; the life-cycle approach;
and, new priorities and trade-offs between function, cost and quality of products. A
need for activities supporting these considerations is identified; and, preferably,
several activities, concerning knowledge development, work procedures and support
tools, should be applied. It is also important to identify environmental actors for
providing expertise and enthusiasm in the organisation.

The implementation of support tools has to be carefully considered. To guide such
implementation a framework with key factors has been developed. The framework
suggests a cyclical implementation process, identification of the organisational change
field, and consistent management behaviour. Keys to successful implementation are
goal setting, knowledge development, adequate resources, anchoring at all levels, and
a focus on individuals.

To stay competitive, companies need to be proactive and respond to the driving forces
underlying environmental adaptation. To make possible the environmental adaptation
of products, several measures are needed. The following proactive measures have
been identified:
• Management ought to set direction with a comprehensive view on business

development and physical flows in the business.
• Commitment to desired change must be created to make sure changes are accepted

and durable.
• Knowledge and skills need to be developed with an action learning approach.
• Work procedures need to be adjusted to include environmental criteria and secure

interaction between product developers and environmental experts.
• Support tools can support a structured approach and enable rapid progress to be

attained.
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A trend towards greater awareness of environmentally related restrictions on human
activities can be identified in the industrialised world of today. This development
concerns also industry and its product development efforts. The environmental
adaptation of products becomes an explicit intention, driven by the competition of
customers and societal responsibility. In order to realise environmental adaptation,
new knowledge and new considerations are needed in product development. This
thesis deals with issues of how industrial product development can be changed to
encompass the adaptation of products according to environmental criteria. Research
propositions and questions, as well as an outline of the thesis, are presented in this
section.

A basic proposition of the research work presented in this thesis lies in the notion that
environmental aspects should be integrated into routine product development
activities when there is an expressed intention to develop environmentally adapted
products. This proposition has been investigated in various ways, in all studies
presented in the papers, and represents the actual core of the work. The studies that
constitute the research material for the thesis follow a line of development
characterised by increased insight into the importance of focusing on how to integrate
environmental aspects.

A parallel basic proposition for the thesis is that integration of environmental aspects
is in itself a task that involves change. In conducting change, what is most
fundamental in bringing about improvements is considering what to change and how
to conduct a change (Sarv 1991). Sarv claims not only that a change can never fulfil
its goals if it is badly conducted but also that the “how” determines the “what” –
meaning the ability to effect a change will determine what can be changed. Again, a
focus on how to integrate environmental aspects is confirmed as important.

The product developer has an important role in realising a product, although in many
ways product specifications and business concepts restrict product development work
(Keldmann 1997). Efforts to make possible the consideration of environmental
aspects in the activities of product developers are therefore of special interest. Actions
that promote the integration of environmental aspects into regular product
development activities are explicitly sought.

Following on the basic propositions, the main research questions were formulated:

How can environmental aspects be integrated into product development? What
changes are needed for integration of environmental aspects from a product
developer’s point of view?

Since industrial product development faces strong competition today, and since
efficiency in the product development process is an important aspect in increasing the
competitiveness of a business, an additional research question was formulated:

In what way will efficiency of the product development process be affected by an
integration of environmental aspects and how can efficiency of the process be
maintained or improved?
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Developing environmentally adapted products has been of growing interest because of
the decreasing space for human activities (Meadows et al. 1992) in combination with
an identified need to focus environmental issues on products in order to prevent
environmental damage (Ryding 1995). What are most fundamental for developing
environmentally adapted products are ecological limits, which determine the space of
human activities and thus constitute a map for sustainable development. One
consideration that has been included in all of the research studies carried out has been
level of awareness of the importance of ecological limits.

����2XWOLQH�RI�UHVHDUFK�ZRUN�DQG�WKHVLV

This thesis is based on research studies carried out during 1994-1999 at the
Department of Machine Design, Royal Institute of Technology. The research studies
have been carried out within the Integrated Product Development (IPD) research
group at the department. The latter part of the research was conducted within
ENDREA (Engineering Design Research and Education Agenda).

Four of the appended papers (I-III and VI) are based directly on a specific study, and
have been somewhat influenced by studies performed in parallel with or between the
studies reported in the thesis. Paper IV consists in a conceptual discussion based on
several studies, while paper V is based on a re-analysis of four studies (two of them
reported in papers I and III2). Figure 1 illustrates the research studies conducted on a
time axis and the connection between the papers and the studies. The direct
connection between studies is also pointed out when relevant.
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Figure 1 Illustration of research studies carried out, direct connections
between them and connections with the papers appended to the thesis.

This thesis is structured into four major parts: a theoretical framework, summaries of
appended papers, methods and materials, and a discussion of results and conclusions.

                                                
2 The two other studies are Sellgren and Hakelius (1996) and Beskow et al. (1998).
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The theoretical and empirical frames (Section 2) handles sources that have been used
in designing separate research studies as well as in interpreting results from the
studies. The elements of the section concern ecological limits for product develop-
ment, performance of product development, development of environmentally adapted
products, and the conduction of change. The first three elements have been used in
study design and result analysis, while all elements have been used in synthesis of
results.

Method and materials (Section 4) identify the rationales behind the approaches chosen
and describe the procedure adopted in performing qualitative research interviews. The
empirical material collected through the research studies is also quantitatively
presented in this section.

The discussion of the results is divided into several parts (Section 5). First,
environmental activities and environmental actors are discussed, followed by changes
that influence product development activities on a product developer level in terms of
environmental issues. There is then a discussion of the changes perceived as important
and thus required by industrial product developers, after which the issues of
sustainability and efficiency are discussed.

Finally, recommendations drawn from a synthesis of study results are presented,
followed by a presentation of the generalisations that can be made from the results
(Section 6), what contribution the thesis makes, and suggestions for future research
(Section 7).
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����(FRORJLFDO�OLPLWV�DQG�VXVWDLQDEOH�GHYHORSPHQW

Environmental issues are extensive according to time and magnitude of environment-
al impact and can not be analysed in terms of simple causal relationships. This
section describes what ecological limits could mean in the context of product
development. Several approaches, with the common aim of establishing frames for
development activities, are introduced. These frames are identified world-wide as
being desired in society and thus in product development.

������,QFUHDVHG�LQVLJKW�LQWR�HQYLURQPHQWDO�LVVXHV

Knowledge about and insight into the character of environmental issues have
increased in the last few decades. In Figure 2, characteristic changes, according to
Holmberg (1995), are described. Problems handled earlier were mainly local; sources
were easily identified and the damage occurred almost immediately (e.g. pollution in
a specific lake as a result of emissions from a specific factory, causing dead fish).
Complexity has also changed, since it is known today that there are many different
activities that cause many different environmental problems in many different ways
(Holmberg 1995). Other characteristic changes can also be added to these: the focus
of problem identification concerning environmental impacts has moved from
production to product (van Weenen 1995), and environmental concern is not linked to
an exclusive group of people in society but is instead a common concern among
people in general. These changes are most likely a result of increased knowledge
about and insight into environmental issues. Ecological limits on human activities can
be more precisely defined. Attempts at such definitions have been made by the
Worldwatch Institute, and are published annually in the report “State of the World”
(Brown et al. 1999). The dramatic picture of effects of human activities that is
presented can also explain the focus on products and an increasing commitment.

/RFDO

6SHFLILF

6KRUW GHOD\

/RZ FRPSOH[LW\

*OREDO

'LIIXVH

/RQJ GHOD\

+LJK FRPSOH[LW\

3URGXFWLRQ

6SHFLDO JURXS

LQ VRFLHW\

3URGXFW

&RPPRQ

FRQFHUQ

,1&5($6,1* ,16,*+7 $1' .12:/('*(

Figure 2 Changes in characteristics of environmental issues, extended from Holmberg (1995).

������6XVWDLQDEOH�GHYHORSPHQW

Because of the increased insight into environmental issues, international collaboration
has started, as illustrated by the holding of regular meetings, for instance the Rio
Earth Summit in 1992. Results from this work have been gathered, documented and
spread through the environmental action programme Agenda 21. The report “Our
common future” is also an important document evolved from international
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collaboration, where the concept “sustainable development” was first introduced and
promoted as a common aim for the whole world (Brundtland 1988).

”A sustainable development can be defined as a development that satisfies the needs
of today without compromising the possibility of future generations to fulfil their
needs.” (Brundtland 1988)

The report also claims that technology and societal organisation today are not enough
to satisfy the development that is desired. Thus, there are great needs for changes in
many ways. Accordingly, for the industrialised world, product development is a core
activity – developing the right products in the right way. Agenda 21 gives more
detailed instructions at a non-detailed level in the form of guidelines for countries,
communities and industry (Agenda 21).

Swedish Environmental Law today also refers to sustainable development and defines
the actual goal of the Environmental Code to be to “secure a healthy and sound
environment for present and future generations” (Almgren and Andersson 1998).

������)DFWRUV���DQG���

In an effort to assess the meaning of sustainable development in numerical terms, the
concepts “Factor 4” and “Factor 10” have been defined under the authority of the
Club of Rome (von Weizsäcker et al. 1997). Factors 4 and 10 are quantitative targets
based on calculations of access to resources and consumption related to the numbers
of people in the industrialised world and in the whole world. In the industrialised
world the benefit of resources has to increase by a factor of 4 to secure living
standards (increase benefits of resources twice, halve resource consumption). If five
billion people are to have the same living standard, an increase in benefit by a factor
of 10 is needed. However, more people are already living in the world, and many
researchers believe that in the long-term an increase by a factor of as much as 20 is
needed (Industri år 2021, 1997).

������6RFLR�HFRORJLFDO�SULQFLSOHV

Another approach lies in the development of socio-ecological indicators, based on
socio-ecological principles (Holmberg 1995); see Box 1. The basis for these
principles consists in a system perspective including the following elements:

1) the principles of thermodynamic,
2) the physics of recharging resources and creation of life-supporting conditions in

the universe and on Earth, and
3) society’s use of resources and functions in terms of sustainability.

Box 1 Principles for reaching sustainable development (Holmberg 1995).
Socio-ecological principles

Substances extracted from the lithosphere must not
systematically accumulate in the ecosphere.

Society-produced substances must not systematically
accumulate in the ecosphere.

The physical conditions for production and diversity within the
ecosphere must not systematically be detoriated.

The use of resources must be efficient and just with respect to
meeting human needs.
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These principles and conditions show the level of complexity of environmental
improvements, and indicate that far-reaching changes are required.

The socio-ecological principles were also applied in the environmental organisation
“The Natural Step”, now an international organisation, in defining a framework for
reaching a sustainable society characterized by certain “system conditions” (Robèrt
1992). Based on these conditions, goals for fulfilling far-raching changes could be set.

������6ZHGHQ�LQ�WKH�\HDU�����

The Swedish Environmental Protection Agency has another approach to the definition
of frames for future development. The Agency has made a forecast to show the
possibilities of developing the sustainable production of goods within a reasonable
time period in Sweden, and presented this in a set of reports (Sverige år 2021, 1997).
One of its contributions lies in a description of changes needed to reach goals for the
year 2021, goals that are defined according to limits to resource consumption and
emissions to land, water and air; see Box 2 (Industri år 2021, 1997).

Box 2 Changes required to achieve sustainable development according to a
Swedish forecast (Industri år 2021, 1997).
Important changes required being able to reach the goals of the
year 2021:
• Demand for services increases and demand for goods and

products in private possession decreases.
• Production of goods is material- and energy-efficient, products

requiring few resources dominate the market.
• A radical environmental adaptation of long-living products is

initiated early.
• Fewer materials are used with a displacement towards renewable

materials.
• Radical material recycling.
• Hazardous subjects are under control through the whole product

life-cycle and really dangerous subjects are eliminated in new
products.

• Deposition of consumption waste has nearly ceased.
• Polluted areas have been sanitised.

������(FRORJLFDO�OLPLWV�WR�SURGXFW�GHYHORSPHQW

The aforementioned approaches show the magnitude of environmental issues and
provide a desirable direction for product development today and for the future. In
product development these issues have to be connected to the physical features of the
product. For each activity causing energy or material consumption or an emission to
land, water or air, during the life-cycle of a product, there is an environmental impact.
Olesen et al. (1996) refer to the effects of consumption or emissions as
transformations, which have a complex relationship to consequences in nature; see
Figure 3.

Each material or process, during each life-cycle has to be considered from an
environmental point of view for products to be improved. Environmental impacts of
transformations, the magnitude of environmental impacts in time as well as
geographically, are issues for product developers when a business alters to achieve
sustainable development. A complicated picture evolves as level of complexity is
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high, which ought to be seen as challenging, since the driving forces from a
decreasing space for human activities are powerful.
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Figure 3 An illustration of the complex relationship between a product life-course and consequences
for the eco-system (Olesen et al. 1996).

����3URGXFW�GHYHORSPHQW�SHUIRUPDQFH

This section describes different sources that focus on the performance of product
development. These sources have had various influences on this thesis as it developed.
What is common to them is that they have served as frames of reference, and there
has been no move to challenge or further develop them. Aspects of efficiency have
been of particular importance, and are strongly related to the main research question
of the thesis, which is why the efficiency of product development performance is
especially described. Relation to environmental issues is reflected upon in the section.

������3URGXFW�GHYHORSPHQW�²�SHUIRUPDQFH�LQ�WKHRU\�DQG�SUDFWLFH

There is an extensive body of prescriptive models developed for performing product
development, given the need for structuring and mapping an activity of ever-
increasing complexity. Many of these models focus on the design procedure, and are
based on the development of complex engineered products. Pahl and Beitz (1988)
define the main phases in flow of design work to be 1) clarification of the task, 2)
conceptual design, 3) embodiment design, and 4) detailed design.

Andreasen and Hein (1988) adopt a wider perspective on product development, since
the procedure they define goes from recognition of needs to execution (production,
product adaptation and sales). The model they use to illustrate the process is also
broader as it explicitly includes three different tasks in product development,
described as three parallel flows; see Figure 4. What the model mainly emphasises,
however, is that problems caused by differentiation of aspects in complex product
development activity can be solved by an integrated approach. Five areas of
integration are defined and can be summarised as follows:
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• Tasks – market, product and production should be considered concurrently.
• Time frames – planning and controlling product development, ongoing product

development and creation of new products should be taken into account.
• Activity level – agreement between aims, means and results should be created at

all hierarchical levels.
• Interplay between product development projects – large and small, short-term and

long-term projects should be controlled comprehensively.
• Interplay between development activities – continuous development of various

elements in a company must be aimed for and controlled.
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Figure 4 Model of integrated product development process (Andreasen and Hein 1988).

Andreasen and Hein enter “actors” into their approach to product development. These
actors are managers at senior level, project managers, and team members. Aspects
pertaining to actors are even more clearly emphasised as being important for
performance of product development in a description of Integrated Product
Development made by Norell (1992). Integrated Product Development includes three
main ingredients (see Figure 5), of which work procedures are found to be most
important for efficient product development. For success in product development,
both individual aspects and business goals must be incorporated into work procedures.

2UJDQLVDWLRQ DQG PDQDJHPHQW

VXSSRUWLQJ DQ LQWHJUDWHG

ZRUN SURFHGXUH�

(IILFLHQW VXSSRUW PHWKRGV

LQ SURGXFW GHYHORSPHQW

DQG FROODERUDWLRQ�

$SSURSULDWH

XVH RI VRSKLVWLFDWHG

LQIRUPDWLRQ V\VWHPV�

Figure 5 The ingredients of Integrated Product Development, following Norell (1992).

The concept of Integrated Product Development was later analysed in greater detail
and defined by the IPD research group (Norell 1999). IPD is a concept for achieving
efficient product development where integration refers to multidimensional
integration between organisational functions, hierarchical levels, activities, divisions
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and companies. The performance of Integrated Product Development is characterised
by:

• parallel activities,
• cross-functional collaboration,
• structured processes,
• front-loaded development.

Of great importance in achieving improvements in product development through
integration is the application of a comprehensive view of activities, which is made
possible by working in a structured way, according to a defined procedure.
Continuous improvement of work procedures is also important, which implies, for
instance, the use of support tools and individual learning. In recent work on defining
Integrated Product Development, consideration of environmental aspects is also
included as a feature of major importance (Norell 1999).

The model developed by Ulrich and Eppinger (1995), like the ones described above,
is based on phases separated by gates where decisions to proceed are made. A
pragmatic approach to structuring product development activities is significant for the
model, and actors are clearly described and connected with the activities procedure.
Product development is described as a truly interdisciplinary activity, usually
performed in both a core team and an extended team. The core team includes the basic
functions within the company, such as marketing, design and production as well as
specialist, industrial design, purchasing, and management functions. The extended
team includes not only individuals supporting these functions but also representatives
of partner companies, suppliers and consultant firms.

The aforementioned models of product development performance are summarised in
Table 1, where characteristic features influencing work on this thesis are also
described. What is common to the models, except for the later definition of Integrated
Product Development is that no environmental components are included.

Table 1 Overview of relevant product development strategies with characteristic features influencing
the author during thesis work.
Source Year

of publ.
Scope Main feature Influential features

(related to thesis work)

Pahl and
Beitz

1977 Engineering
Design

Structured
process

Theory of “gate phase pro-
cess”, iterations emphasised.

Andreasen
and Hein

1988 Product
Development

Integration
areas

Wide perspective emphasising
the importance of considering
various aspects and of integra-
tion areas.

Norell 1992 Product
Development

Integration,
work procedure

Served as a context for res-
earch issues: emphasising
work procedure and individual
focus.

Ulrich and
Eppinger

1995 Product
Development

Holistic view Holistic view is emphasised,
stating product development
as interdisciplinary area.
Practically applicable.
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Formalised processes for product development performance are developed mostly
within large manufacturing companies. Like the models described above, a stage gate
process is applied – with detailed documents defining tasks and the basis of decisions
for reviews at the gates. The models found in academic circles are more abstract, and
not directly transferable to use in practice, although they are most likely to have
influenced industrial models (Alfa Laval 1995, Electrolux 1997). In several com-
panies a toolbox is also defined in connection with the company model of product
development performance, and the question of the connection to overall business
development is addressed.

������6XSSRUW�WRROV

Support tools are, both academically and in industry, considered to be important in
improving product development performance. Such tools include artefacts that
support product developers with certain considerations or tasks, typically arranged in
software or in written guidelines. The array of support tools is broad, and often met
with a mixed attitude of enthusiasm, due to curiosity, and scepticism, because of the
workload, on the part of product developers (Beskow and Johansson 1998). Usage of
support tools only becomes a regular activity if tools support users in their own work.
To be beneficial in improving product development process, support tools should
offer more functions than the strictly technical ones that are aimed at solving specific
engineering tasks. They should support collaboration and promote individual learning.
Instead of solving problems, tools should help to highlight them, and also have a
measurable effect on the results of project work. Consequently, several properties of
the tools must be secured. They must:

• be easy to learn, understand and use,
• include accepted, non-trivial knowledge,
• be developed for usage by several disciplines,
• contribute to a systematic work procedure (Norell 1992).

������3URGXFW�GHYHORSPHQW�HIILFLHQF\

An overall business goal of developing work procedures in product development is to
improve efficiency. Improving efficiency means to increase quality, reduce lead-time,
decrease cost, all together or in various combinations, and also to secure high
precision in fulfilling goals. The research programme ENDREA also addresses
improved flexibility in product development as a means of increasing the
competitiveness of Swedish industry (ENDREA 1998). Further, Wheelright and Clark
(1992) include the cost of the development project itself in the measurement of
efficiency.

Accordingly, efficiency is “to do things right” as defined in Hill (1995). It can be
comparable with effectiveness, defined as “doing the right things”. However,
developing work procedures for product development also include “doing the right
things” in the sense of ensuring that there are procedures to include an analysis of the
business area (market investigations, legislative analysis, and so on). This is the most
fundamental aspect of success in product development, followed by the condition of
“doing things right from the beginning” and “finding ways to improve efficiency in
each phase of the product development process” (Norell 1992).
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It is important to keep in mind the distinction between efficiency and effectiveness in
terms of improvements with regard to environmental issues. Jakobsen and Støren
(1999) discuss eco-effectiveness and eco-efficiency, and state that to direct societal
development towards a sustainable society, a greater focus on eco-effectiveness is
needed; see definitions in Table 2.

Table 2 Definitions of eco-effectiveness and eco-efficiency (Jakobsen andStøren 1999).

Eco-effectiveness Eco-efficiency

Improving the total impact on the
environment when the consumer’s need or
demand is satisfied by alternative fulfilment
of the function in question.

The improved environmental performance of
a product through the selection of low-
impact material, reduction of material usage,
reduced energy consumption, reduced
waste pollution per functional unit of a
product during its life-cycle.

Aims within the environmental area in industrial product development concern more
or less solely improving eco-efficiency. However, as was also indicated under the
heading “Ecological limits and sustainable development” above (Section 2.1),
improving eco-effectiveness is a growing demand which most likely will affect
industry in various ways, through challenges and constraints.

One of the characteristics of Integrated Product Development is to perform front-
loaded processes. By allocating resources to early phases efficiency can be improved,
in order to avoid late changes (Syan and Mennon 1994). Ideally during this
conceptual design phase, several functions work closely together with common goals
and with every influential aspect in mind. The result of such a feasibility study
provides a basis for the selection of concepts to be developed in detail, (Ritzén et al.
1997). In the integration of environmental aspects it is therefore important to focus on
early phases.

Parallel processes, structured work procedures and multi-functional teams are in
addition to front-loaded processes, important features for the concept of Integrated
Product Development to be efficiency-increasing. Wheelright and Clark (1992), as
well as Cooper (1993), regard these features as important for successful new product
development. Cooper stipulates certain key lessons for how to secure “new product
success”, which naturally is a force for driving innovation and the development of
environmentally sound products. Giving one of the lessons (“right organisational
structure, design, and climate”), Cooper states that product innovation is a multidis-
ciplinary effort where key issues for success are interfaces between marketing and
R&D, co-ordination among key internal groups, and multidisciplinary inputs to new
product projects. These are all relevant issues in the integration of environmental
aspects, each of which could be the driving factor in innovation. Wheelright and Clark
(1992) in turn define themes on a more abstract level, but these are interpretable as
recommendations on how to secure success in product development.

The American Product Development and Management Organisation (Griffin et al.
1997) regularly conduct inquiries into the drivers behind success in companies
performing new product development. The key success drivers to be found in their
latest report are reflected in both the lessons according to Cooper and to the themes
according to Wheelright and Clark. In order to find common themes to guide people
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in improving the efficiency of product development performance, the sources have
been compared; see Table 3.

Table 3 Common themes identified by a comparison between different sources addressing the issue of
increasing efficiency in product development.

Griffin et al. (1997) Wheelright and Clark (1992) Cooper (1993)

 1a. measure the
performance

 1b. implement more
sophisticated formal
processes

 1c. start a product
development process with a
strategy-setting activity
which outlines goals and
objectives for the project

 1d. have more front-end
activities

 1e. drive the product
development through
specific strategies (start only
the right projects)

 1f. use more multi-
functional teams in all types
of projects

 1g. reward teams non-
financially both publicly and
privately, in multiple ways

 1h. quickly implement
new market research and
engineering design tools

 2a. clear objectives and
shared understanding

 2b. customer focus
 2c. focus on time-to-

market
 2d. testing and validating

designs before hard tooling
 2e. cross-functional

problem solving
 2f. strong leadership

 3a. market-driven and
customer-focused new
product process

 3b. international
orientation in product design

 3c. large pre-
development work.

 3d. sharp and early
product definition

 3e. right organisational
structure, design and climate

 3f. top management
support

 3g. market attractiveness
drives project selection

 3h. usage of winner
product profile to sharpen
project selection

 3i. emphasis on
completeness, consistency,
and quality of execution

 3j. resources in place
 3k. a multistage,

disciplined new product
game plan

Common themes 3

Strategies

1e, 2c, 3c,
3h, 3j

Customer
focus

1h, 2b, 3b,
3i

Goal
setting

1c, 2a, 3e

Leader-
ship

2f, 3g

Multi-
functional
teams

1f, 2e, 3f

Formal
processes

1b, 3k, 3n

Early
stages

1d, 2d, 3d,
3e

The themes identified are strategies, customer focus, goal setting, leadership,
multifunctional teams, formal processes, and early stages. There are certain themes or
lessons that are not recognised in more than one source: support tools, resources,
measures, and rewards. This can be explained by certain themes being subsumed
under other more overarching themes.

As has already been pointed out, environmental aspects are not considered in the
previously described models of product development performance. For an offensive
long-term approach, meeting environmental demands is of great importance, and thus
environmental aspects also need to be integrated into descriptions and recommen-
dations of product development performance.

$� VKRUWFRPLQJ� RI� WKH� PRGHOV�� KRZHYHU�� PD\� QRW� OLH� LQ� WKH� IDLOXUH� WR� LQFOXGH
HQYLURQPHQWDO� DVSHFWV� EXW� UDWKHU� WKH� ODFN� RI� D� G\QDPLF� DSSURDFK�� YLVXDOLVLQJ� KRZ

                                                
3 The table was developed by Cecilia Beskow and Sofia Ritzén, See also (Beskow 2000).
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SURGXFW� GHYHORSPHQW� LV� FRQVWDQWO\� FRQIURQWHG� ZLWK� QHZ� GHPDQGV�� 7KH� WKHPH
´VWUDWHJLHVµ� H[SUHVVHG� E\� WKH� WKUHH� VRXUFHV� FRPSDUHG� LQGLFDWHV� WKH� LPSRUWDQFH� RI
SHUIRUPLQJ� SURGXFW� GHYHORSPHQW� ZLWK� D� FRPSUHKHQVLYH� YLHZ� ZLWKLQ� DQG� RXWVLGH� WKH
FRPSDQ\�LQ�RUGHU�WR�PHHW�JURZLQJ�GHPDQGV��DV�HQYLURQPHQWDO�GHPDQGV�DUH�DVVXPHG�WR
EH�

����(QYLURQPHQWDO�DGDSWDWLRQ�RI�SURGXFWV

Several terms are used to describe issues with regard to adapting products under
development in relation to environmental principles. This section will define terms
relevant to this thesis, and also outline some important sources that are close to the
research studies of which it is composed.

������7KH�VFRSH�DQG�WHUPLQRORJ\�RI�WKH�DUHD�RI�HQYLURQPHQWDO
DGDSWDWLRQ�RI�SURGXFWV

As has been pointed out in the previous sections, product development is a core
activity for achieving sustainable development in society. In parallel, developing
products according to sustainable principles is a complicated and complex task. The
area of developing environmentally adapted products can be seen as a sub-area of
sustainable development. It focuses explicitly on products, whereas sustainable
development focuses on society. Because of both the importance and difficulty of
developing environmentally “sound” products, relating issues has become a field of
its own, in industry as well as in academic circles. Research within this field is
expressed using various terminologies and from several perspectives. Coulter et al.
(1995) described a select number of terms, and classified them according to
magnitude of environmental impact and the time extension each term encompasses;
see Figure 6.

��

�� �� �� �

�

�

6
F
R
S
H
R
I
H
Q
Y
LU
R
Q
P
H
Q
WD
O
&
R
Q
F
H
UQ
V

6FRSH RI 7HPSRUDO &RQFHUQ

0DQXIDFWXULQJ 8VH 'LVSRVDO

2QH 3URGXFW /LIH�&\FOH

'LVSRVDO

8VH

0DQXIDFWXULQJ

2
Q
H
3
UR
G
X
F
W
/
LI
H
�&

\
F
OH

; 3URGXFWV

2QH PDQXIDFWXUHU

; 0DQXIDFWXUHUV

6RFLHW\

+XPDQ

/LIHWLPH

&LYLOLVDWLRQ

VSDQ

�� (QYLURQPHQWDO (QJLQHHULQJ
�� 3ROOXWLRQ 3UHYHQWLRQ
�� (QYLURQPHQWDOO\ &RQVFLRXV
'HVLJQ DQG 0DQXIDFWXULQJ
�� 'HVLJQ IRU WKH (QYLURQPHQW
�� /LIH�&\FOH�'HVLJQ
�� *UHHQ (QJLQHHULQJ
�� ,QGXVWULDO HFRORJ\
�� 6XVWDLQDEOH GHYHORSPHQW

Figure 6 Mapping of terms within the area of developing environmentally adapted products
according to time extension encompassed and magnitude of environmental impact (Coulter et al.
1995).
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Design for Environment (DFE) and Environmentally Conscious Design (ECD or
ecodesign) are concepts that are used frequently and sometimes interchangeably. But
DFE is more often used for single concrete approaches, such as tool development and
application, whereas ecodesign is employed more to refer to a comprehensive view on
the integration of environmental aspects into product development activities. For
instance, Olesen et al. (1996) define DFE as:

“a product development tool that includes techniques and procedures for
environmentally related analysis, diagnosis, goal setting, focusing, solution finding
and verification”.

And Brezet and van Hemel (1997) provide the following definition of ecodesign:

“Ecodesign considers environmental aspects at all stages of the product development
process, striving for products that make the lowest possible impact throughout the
product life-cycle”.

According to the latter definition, and in line with other closely related research
sources (Cramer 1997, van Hemel 1998, Bhamra et al. 1999, Poole et al. 1999), the
concept ecodesign is used in this thesis. However, when referring to various other
sources, the terminology of the specific source is used.

Some further clarifications on terminology should be made: Being “environmentally
conscious” requires an agent, and can not really be employed in a process. Thus, the
agent is, though unspoken, the product developer or the decision maker in product
development. Nor should ecodesign be seen as limited design activity; rather, it
should be regarded as a comprehensive perspective on market, production and design
aspects, as in Integrated Product Development (Section 2.2). To describe activities in
industry, the expression “developing environmentally adapted products” is also used
in this thesis. Reference to “environmentally sound products” is deliberately avoided,
since it include a valuation of products not having a negative impact on our
ecosystem. Environmental adaptation may sometimes be weak, giving room for the
realisation of products with only minor improvements. This is, however, a suitable
term for the actions of industry today, where changes are usually stepwise and
adaptive.

������$SSURDFKHV�WR�HQYLURQPHQWDO�DGDSWDWLRQ�RI�SURGXFWV

The general opinion among researchers in ecodesign today is that several different
approaches are needed to place product development efforts in line with ecological
limits, and thereby contribute to sustainable development. Early research approaches
were to a great extent focused on finding tools that could easily solve the integration
of environmental aspects into product development. However, more and more
approaches focus on how to perform ecodesign, and also on what is required for the
successful integration of environmental aspects into product development. Results
from several of these approaches consist in proposed procedures, courses of actions
and handbooks for the implementation of ecodesign, which all share the notion that
tools are seen as a means of integrating environmental aspects into product
development (Brezet and van Hemel 1997, van Hemel 1998, Simon et al. 1998).

Several major approaches within Swedish industry have been tool-oriented, including
the development of Life-Cycle Assessment (LCA) methodology (Ryding et al. 1995)
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and tools, and the deployment of an Environmental Management System (EMS) (ISO
14 001); see Box 3. The LCA development was given a great deal attention, but has
now come into criticism from several sources. Criticism is, however, not focused on
the LCA method in itself, but on too strong a belief that the application of LCA might
be an easy, quick way of solving the complex problems of integrating environmental
aspects into product development. Further development of the method strives for
more reflective usage, of the kind described by Lagerstedt and Luttrop (1999). Then, a
more balanced picture of LCA application evolves (see, for example, Brezet et al.
1999, Sherwin and Bhamra 1999), as it does for the area as a whole. The deployment
of EMS, which in Sweden has been largely through ISO 14 001, is a much more
comprehensive approach. Nevertheless, a major depletion with an EMS in the
environmental adaptation of products is that there is a focus on materials and energy
flows of the “running business”.

Box 3 Brief explanations of LCA and EMS.
Life-Cycle Assessment (LCA) Environmental Management

System (EMS)
A method for assessing the total
environmental impact during the life-
cycle of a product. Impact from re-
source consumption and emissions
to land, water and air is mapped for
each phase of the life-cycle. (See
also Figure 3.) An LCA includes goal
setting, inventory analysis, impact
assessment and improvement
analysis. LCA is product focused.

A system for structuring and control-
ling the material and energy flow in
the running business of a company.
Implementation of an EMS, like ISO
14 001, includes defining environ-
mental policy, planning of an
environmental program, implement-
ing the program, checking measures
according to goals, and reviewing by
management. ISO 14 001 is charac-
terised by demands for continuous
improvement. EMS is business
focused.

A comprehensive approach to ecodesign was taken in an investigation of
electrical/electronic companies conducted by McAloone (1998, 1999). He found that
companies went through a sequence of events and experiences, in the course of which
they integrated environmentally conscious design into product development. At the
first step, motivation is created – driven by internal and external sources. Second,
communication starts – including training, and establishment of environmental
“champions” – and both customers and suppliers are notified of ecodesign activities.
At a third step, an insight into the long-term economic benefits of ecodesign is gained,
and long-term environmental issues are allowed to influence the entire business.
During these sequences, there is an increase in ecodesign activities related to timing
(scheduling decisions and actions), product (desired environmental features of a
product) and tools (techniques to achieve environmental features). Going through the
three steps promotes maturity of Environmentally Conscious Design within a
company.

Other of McAloone’s (1998) important findings involve means for and obstacles to
ecodesign. Several of these are also characteristic features of successful product
development performance, since there is a stress on the importance of large resources
at early phases and on tools being used so that they should be quick and easy to apply
for designers. Other means include addressing the issue of integrating new aspects
into designers everyday activities:
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• An enthusiastic approach and driving force is important in implementing
environmentally conscious design.

• Environmental champions are a means for implementing ecodesign – at least a
middle manager; knowledgeable in how to find information and support, and
provide encouragement.

• Environmental issues ought to be presented in an innovative and simple way in
order to create enthusiasm among designers.

• Top management commitment is needed for ecodesign implementation, constantly
over time, or for establishing a framework for ecodesign.

Ehrenfeld and Lenox (1997) used a research approach similar to McAloone’s in the
way that best-practice companies were investigated. They found that, in order to be
successful in Design for Environment4, a company must move DFE efforts from the
corporate level to product development groups. For success in DFE implementation a
delineated strategy needs to be followed. The implementation process should involve
a number of characteristics to achieve success:

• Vision, recognition of the need for proactive environmental management
strategies, and the translation of this need into a set of broad goals.

• Support, derived from senior management, in policy statements or a DFE
programme, which may result in resources and signals to product development.

• Resources, e.g. a small team to facilitate establishment of environmental design in
product development.

• Technical participation, technical staff forging the link between environmental
management personnel and product designers.

• Piggy-backing, using similarly established programmes to establish DFE, e.g.
quality programmes.

• Distributed responsibility, giving individuals responsibility for DFE activities
(DFE champions).

• Training and education, a first step in removing resistance, and a means to raise
competence and awareness.

Ehrenfeld and Lenox further state that an implementation process should proceed
incrementally, and that pilot projects could be used for step-wise progress.

Given the fact that driving forces from the market and competitors are increasing,
“multi-approaches” to ecodesign must encompass the whole company, and treat
environmental issues as business issues. The impact of market forces is also faster,
and quicker responses are needed than in the case of legislation (Ritzén 1996).
Keldmann (1997) focused on how to apply a business perspective to initiatives aimed
at product-based improvements when there is competition to decrease environmental
impact. A clear indication of this lies in the need to pay careful attention to the
combination of technical and commercial insight, so as to create the right life-cycles
for products and to secure an environmental improvement with a focus on business.

                                                
4 Eherenfeld and Lenox (1997) define Design for Environment as follows: a systematic process for
firms to design processes and products in an environmentally conscious way – a technology
management activity.
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������(QYLURQPHQWDO�EHQHILWV�RI�SURGXFW�DGDSWDWLRQ

Another pressing question within the area of ecodesign and adjacent areas is whether
industrial and academic approaches have an actual effect on alteration towards a
sustainable development. Charter and Chick (1997) presented a four-step model to
outline environmental benefit over time; see Figure 7. They also describe what were,
at that time, seen to be the results of “leading-edge” approaches. Their view is that
there is a need to focus more on re-thinking, a conclusion shared by Sherwin and
Bhamra (1999). The latter state that future ecodesign should much more be focused
on the innovation of products, driven by environmentally related issues. It has not
been a central aim to assess adapted products regarding their environmental benefit in
this research. However, the aim of activities performed has to a certain extent been
assessed, and a discussion on sustainability is held in Section 5.6.
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Figure 7 A four-step model of approaches within environmental improvements in
product development (Charter and Chick 1997).

����&RQGXFWLQJ�FKDQJH

New demands based on criteria for sustainable development in society certainly
require changes in product development, and thus skill in performing changes. In
analysing the actions and changes that have been studied in the industrial
environment, important influences are found within Organisational Learning and
Organisational Development. These influences are presented in this section.

������&KDQJH�GLPHQVLRQV�DQG�FDWHJRULHV

As argued at the beginning of this thesis, the outcome of change is dependent on what
is changed and how the change is performed (Sarv 1991). Norrgren (1995)
recommends describing changes in a company on three dimensions: what should be
changed, how the change should be performed, and what is the extent of the change.
An efficient change is achieved if the solutions reach a certain quality, that people
understand the reasons behind the change, and also accept the change. Understanding



7KHRUHWLFDO DQG HPSLULFDO IUDPHV

18

is necessary to prioritise changes, and acceptance is crucial to achieving positive
results from changes.

Regarding extent of change, Norrgren makes a distinction between renewals and
improvements. Both types of changes are relevant, depending on the situation in a
company. Further, competencies in performing both changes create flexibility in a
company, which is required when conditions change rapidly in the surrounding world.
Based on a review of research in organisational change, Porras and Robertsson (1992)
suggest a two-dimensional taxonomy for organisational changes; see Table 4.

Table 4 Taxonomy for organisational changes by (Porras and Robertson 1992).

Change category Planned Unplanned
Order of change

First Developmental Evolutionary

Second Transformational Revolutionary

A planned change is initiated in a company and performed in order to gain a certain
result, whereas an unplanned change is a reactions to the surrounding world (and thus
initiated outside the company). A first order change is limited within the organisation
and does not affect the entire system (compare an improvement), whereas a change of
the second order is radical and takes place on several dimensions and at several levels
(compare a renewal). Depending on which order of change is applied, different
categories will result in an organisation, as suggested in the table above.

Such a taxonomy of changes can be useful when considering pressing changes related
to environmental issues – both actual changes being made in industry, and the
development of procedures and tools for integration of environmental aspects taking
place within research.

������7KH�G\QDPLFV�RI�FKDQJH

Organisational learning has become a means for creating successful business in the
long term (Senge 1991). However, organisational learning is truly dependent on
individual learning. In an organisation, individuals are learning agents, and if their
learning – in the forms of inventions and evaluations – becomes embedded in the
organisation, organisational learning can be said to have been achieved (Argyris and
Schön 1996). This highlights the importance of the individual in change work, as
Porras and Robertsson (1992) also point out.

Porras and Robertsson emphasise that the development of organisations requires
development of the members in the organisation. To perform successful changes, i.e.
planned changes that last in the long-term, changes are required in individual
behaviour, not only in neutral attitude. Porras and Robertsson organised the factors
that they found to influence people’s behaviour on the job into four categories:
organising arrangements, social factors, physical settings, and technology; see Figure
8. Organisational arrangements are formal elements including descriptions of the
intended way of working. Social factors are the informal side of the organisation with
features of individuals and groups of people. Physical setting are the concrete
structures and objects of the non-social and non-technical part of the organisation and
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technology factors concern transformation of organisational input into organisation
output. These categories are interdependent, meaning that changing one factor will in
some way or another influence the others. In evaluating ongoing change activities, as
well as guiding changes towards an integration of environmental aspects into product
development, this framework of factors stress important consideration to be made.
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Figure 8 Key factors in an organisation that shape and guide the behaviour of people on the job
(Porras and Robertsson 1992).

������,QGLYLGXDO�OHDUQLQJ�DV�D�SUHUHTXLVLWH�IRU�VXFFHVVIXO�FKDQJH

In the same way as competence in how to perform change is needed (see above),
learning about how to learn is worth striving for. Argyris and Schön (1996) call this
deutero-learning. However, companies must first be acquainted with the distinction
between single-loop and double-loop learning. Single-loop learning is expressed in
simple terms as a corrective action. It concerns how to change a certain action in order
to achieve the goals that have been raised in the organisation, and how to perform
defined tasks in an effective way. Errors are discovered and then corrected. Double-
loop learning, on the other hand, assumes questioning of the goals and the definition
of tasks. Norms and strategies in companies should be questioned in order to find new
ways of achieving effective performance. Double-loop learning assumes people gain
from their own experiences, reflect upon them, and find solutions on the basis of
them. Both kinds of learning exist, and should exist in tandem. However, an
adjustment in product development to meet the criteria of sustainable development is
most likely to demand the involvement of employees in double-loop learning. Most
likely planned changes of second order, i.e. transformations, are needed, considering
magnitude of environmental issues.

In double-loop learning, reflection is an important element, also expressed by what
Kolb (1984) calls experiential learning. Based on Kolb’s theory of experiential
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learning, Forslin and Thulestedt (1993) explain how knowledge is gained. A cycle
from action to action through experience, analysis and conceptualisation must be
completed in order to acquire new skills. Action that generates experience creates
information, which in an analysis of cause and effect can be transformed into
explanation. When analysis is put in relation to known concepts or new concepts are
created, understanding is gained. And, finally, since understanding generates a new
action, a skill is obtained (Forslin and Thulestedt 1993).
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� 6XPPDU\�RI�DSSHQGHG�SDSHUV

The summaries of the appended papers will all follow the same structure: origin and
purpose, research approach, results and main conclusions. Each summary is
completed with a description of its contribution to the thesis.

����3DSHU�,��/LIH�&\FOH�$VVHVVPHQW��,PSOHPHQWDWLRQ�DQG�8VH
LQ�6ZHGLVK�,QGXVWU\

(By Sofia Ritzén, Cecilia Hakelius, Margareta Norell. Study performed in 1994-95,
published at the conference NordDesign, 1996.)
Ritzén and Norell designed the study. Ritzén and Beskow collected data and analysed
the material. Ritzén were responsible for writing the paper. Norell contributed as an
advisor in analysis.

������2ULJLQ�DQG�SXUSRVH

The study has its origin in the fact that efforts to reduce environmental impacts,
arising from industrial activities, have shifted in focus from production to product. A
life-cycle approach to analysing the environmental impact of products has been
adopted. A frequent approach in industry during the 1990s was to develop and apply
methodology and tools for performing life-cycle assessments (LCAs). The purposes
of the study were to describe application approaches, obstacles for a regular use in
product development and needs for a wider application of LCA. Yet a purpose was to
assess the usability of the tool in terms of effects on product development process and
product developers activities.

������5HVHDUFK�DSSURDFK

In total 16 users of LCA, i.e. LCA specialists and product developers, were
interviewed. Semi-structured interviews were performed and the data obtained were
handled in a well-defined procedure. Only a small research field was available in
industry, due to the low frequency of LCA application, yet the study proved timely in
contributing to development and implementation efforts.

����� �5HVXOWV
LCA was mainly used by specialists in R&D functions within the investigated
companies. On an experimental level LCA was applied also in product development
projects. The paper report experiences from use according to advantages and
disadvantages with both method and available tools. Experiences from application of
what effects LCA can have on product development process and project work are
reported as well.

������&RQFOXVLRQV

LCA was found to be a useful tool for two reasons: it supports selections of materials
and processes through a comparison of environmental impacts, and it gives a
comprehensive view and a better understanding of the relationship between product
features and environmental impact. However, the problems in using it were clear, and
arose mainly from the great complexity of the method. Performing an LCA is time
consuming and requires certain knowledge. The aim of developing tools was also
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focused on simplifying the characterisation of environmental impacts and evaluation,
i.e. weighting impacts against each other. Four issues were defined in the study as
being necessary for the further and wider implementation of LCA:
1. Development of databases and creation of more user-friendly tools (based on the

concrete answers of the interviewees).
2. Education programmes, starting iteratively at a general level, and going deeper

with practical use in product development projects (based on indications from
interviewees of the difficulties in applying the complex LCA and on the identified
need of connecting new activities to regular product development activities).

3. Adaptation organisation to provide support in regular use of LCA, which could
mean a specialist group in, for instance, R&D and/or a support function in a
product development team (based on identified needs of easy accessible support
and experts in the methodology and practical use).

4. Adjustment of performance of LCA to the product development practised in the
companies, securing timing of knowledge transfer from LCA results with relevant
product development phases (based on the identification of LCA results not
proactively affecting the product and on characteristics of efficient product
development).

������7KHVLV�FRQWULEXWLRQ

The study illustrates a prioritised activity for developing products according to
environmental criteria, i.e. the implementation of LCA in product development. It also
describes how to proceed with the implementation of LCA, assuming planning for a
wider application of methodology and tools. LCA as a support tool in product
development is thoroughly analysed. The study contributes additionally in a re-
analysis of the empirical material, which focuses on implementation efforts; see Paper
V.

����3DSHU� ,,��(QYLURQPHQWDOO\�)ULHQGO\�3URGXFW�'HYHORSPHQW
²�$FWLYLWLHV�LQ�,QGXVWULDO�&RPSDQLHV

(By Johan Bäckmar, Sofia Ritzén, Margareta Norell. Study performed during 1997,
published at the International Conference on Engineering and Technology
Management (IEEE Engineering Management Society), 1998.)
Ritzén and Bäckmar shared responsibility for the study design, data gathering and
subsequent analysis. Bäckmar was responsible for writing the paper. Norell
contributed to the study design as an advisor.

������2ULJLQ�DQG�SXUSRVH

Several companies increased the priority level of environmental activities during the
1990s. A shift from focusing production issues to product issues has taken place.
Paper II  is based on a study with the purpose of mapping environmental activities in a
sample of large Swedish manufacturing company groups. A comprehensive view on
environmentally related efforts specifically connected to product development was
explicitly aimed for. Special priority was given to identifying deficiencies in the
organisations with regard to integrating environmental aspects in product
development. An underlying purpose of the study was to identify future research
issues.
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������5HVHDUFK�DSSURDFK

Semi-structured interviews were used to collect data. The interviews were performed
with people working exclusively with environmental issues, who adopted the role of
informants in the interviews. Nine people were interviewed in total. The sample of
company groups was chosen mainly according to earlier experiences from
environmental activities within the groups or personal contact, indicating an increased
effort to integrate environmental aspects in the near future. Given the purpose of the
study, which was performed as a pre-study, a small research field was sufficient.

������5HVXOWV

Results from the study describe how handling environmental issues had developed in
the company groups as well as the strategic importance of the issues and the driving
forces for environmental activities at the time of the interviews. Activities related to
EMS implementation, efforts for integrating environmental aspects in product
development, and aspects of support tool application are described. Further, there is a
presentation of information handling, resources, personal interest and future work in
connection with environmental issues.

������&RQFOXVLRQV

The driving force for environmental work in the company groups was mainly
legislation, though a change could be identified towards a greater influence from
market demands. Environmental work had changed to be more proactive than reactive
and Environmentally Conscious Design was mentioned as an area of great strategic
importance. An aim to radically integrate environmental aspects into product
development, not treating the issue on the side, was identified. One problem in
integrating environmental aspects in product development lies in the conflicts arising
between different aspects, which mainly means that environmental aspects can
interfere with meeting goals of quality, lead-time and cost. To learn how to handle
such conflicts, but also for the general development of competence, education and
training are needed. Many of the people interviewed saw the development of
competence as a part of their EMS implementation, which was the activity given the
most effort in the groups at the time of the interviews. Increasing the awareness of
environmental issues was emphasised as being the greatest challenge. Still, one need
in integrating environmental aspects was finding applicable support tools for product
developers. LCA was mentioned as an important tool, but was only useful on a
specialist level. Other tools requested were guidelines and handbooks.

������7KHVLV�FRQWULEXWLRQ

The study was an important step in the progress of research in the area of
Environmentally Conscious Design, at the IPD division. Areas for further research
were identified and given justification. Direct conclusions have also contributed, such
as the priority level of environmental activities in the company groups, the meaning of
a radical integration of environmental aspects in product development from an
industrial perspective, and the importance of competence development and support
tools in connection with product development.
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����3DSHU�,,,�� ,PSOHPHQWDWLRQ�RI�(QYLURQPHQWDO�0DQDJHPHQW
6\VWHPV�LQ�6ZHGLVK�,QGXVWU\

(By Johan Bäckmar, Sofia Ritzén. The study was performed during 1998-99, and
published at EcoDesign in 1999.)
Ritzén and Bäckmar shared the responsibility for study design, data gathering and
analysis of the data. Johan Bäckmar was responsible for writing the paper. Norell
contributed as an advisor.

������2ULJLQ�DQG�SXUSRVH

At the time of the study, the most common environmental effort among Swedish
companies was to implement an Environmental Management System (EMS). In many
companies, it was also the most prioritised effort for environmental improvements.
These were the reasons for investigating the implementation efforts of EMS, which
had a double purpose:
1. Investigate functionality of an EMS and what the effects of an EMS on product,

process and people are.
2. Investigate implementation of an EMS with a general interest in implementation

of support tools and a specific interest in environmentally related changes.

������5HVHDUFK�DSSURDFK

Semi-structured interviews were carried out with a total of 21 people from five
companies. The companies had all chosen ISO 14 001 as their EMS standard, and
were pushed by company group management to achieve certification before the end of
1998. Interviews were performed during 1998. Data collection followed a well-
defined procedure.

������5HVXOWV

The results include a presentation of levels of implementation and approaches to
implementation chosen by the different companies. The purposes of and driving
forces behind implementation, procedures in implementation, and results and effects
of the ISO 14 001 system are explicitly described. Further, success and problems in
implementation procedures are described and summarised in “keys to success”.

������&RQFOXVLRQV

The study shows that expectations of ISO 14 001 were mainly fulfilled and that the
system was found to be functional. This is because of the belief that an increase in
activities related to environmental issues would need better structure, and also that a
system for managing material and energy flows in physical operations is required.
Energy and material savings were emphasised as direct results of EMS
implementation. Product development functions were affected only slightly or not at
all in working tasks. A positive attitude was identified in the organisation, and a great
interest among individuals was found among people who performed the
implementation. The implementation procedures in the companies were mostly
successful even though the planning phase was poor, and a time delay occurred
between what many saw as a decision to start the implementation and the actual start.
The time delay was partly explained by a problem in resource allocation, which was
later corrected when no progress in implementation was made. To get implementation
underway, one employee was told to work fulltime on implementation, for which
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most companies hired an employee for a limited time as a project worker. An
important part of ISO 14 001 was considered to be education and training. The
education sessions carried out were identified as being of great importance in creating
both awareness and an ability to handle environmental issues. Finally, the conclusion
is drawn that auditing by a third party has a great impact on success in the
implementation of ISO 14 001, since clear and measurable goals are set at the start.

������7KHVLV�FRQWULEXWLRQ

The study illustrates an activity that has been highly prioritised in Swedish industry in
order to structure environmental activities in companies. Of special importance to the
thesis are the connection with a functioning EMS and the performance of product
development, resulting in products with a decreased environmental impact. Further
the study contributes with findings of implementation performance. This is further
emphasised in a re-analysis of the material specially focusing on implementation
procedure; see Paper V.

���� 3DSHU� ,9�� (QYLURQPHQWDO� &RQVFLRXVQHVV� LQ� ,QWHJUDWHG
3URGXFW�'HYHORSPHQW

(By Sofia Ritzén, Margareta Norell. Presented at EcoDesign 1999.)
Ritzén was responsible for writing the paper. The conceptual discussion was
organised with contributions from Norell, who also supported the writing as an
advisor.

������2ULJLQ�DQG�SXUSRVH

Following on earlier performed research, a need to relate issues of how to integrate
environmental aspects into product development to issues of product development
performance was identified. Results from several studies were brought together into a
conceptual discussion, presented in this paper. Integration of environmental aspects is
discussed according to characteristic features of Integrated Product Development. An
underlying purpose was to identify and discuss factors of relevance to achieve a
radical integration of environmental aspects.

������6XPPDU\�RI�FRQFHSWXDO�GLVFXVVLRQ

Driving forces for environmental activities have become numerous: legislation,
market forces, awareness of the decreasing space for environmental loads, and direct
cost-effects. The strongest forces bearing environmentally conscious design are
market forces, which are made up of several factors. Direct customer demands and
competitiveness are most dominant, but there are other important factors offering
possibilities for finding new markets and innovations driven by environmental
criteria. Apart from market forces, a focus on product becomes natural when
environmental impacts must be prevented rather than taken care of when created,
impelling a life-cycle approach to product development.

Focusing on products is important, and as stated in the paper, environmental aspects
must be integrated into product development activities, which is why questions on
“how” to integrate environmental aspects are given particular prominence in the
discussion. According to important findings in empirical research on performing
Integrated Product Development, the following factors are identified as means for
integration of environmental aspects:
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• Support tools (application of support tools with several properties besides
technical functionality.)

• Early phases (focus on early phases of product development.)
• Collaboration (utilisation of multi-functional teams; promotion of collaboration in

order to be able to solve truly interdisciplinary environmental problems; and,
inclusion of environmental specialists in product development.)

Further, aspects of commitment and competence development are identified as being
generally important for change and are thus discussed:
• Commitment (to perform a change, individual commitment is required.)
• Competence development (general awareness and specific knowledge are

required.)

The discussion ends by identifying commitment, competence development and
collaboration as important factors to research, in order to find ways to perform
Environmentally Conscious Design, without risking efficiency in product
development.

������7KHVLV�FRQWULEXWLRQ

The discussion of performing Integrated Product Development with an environmental
consciousness among product developers makes it clear that certain subjects need
further investigation to find ways of integrating environmental aspects into product
development. This has been an important input for further research, mainly described
in Paper VI. Putting environmental consciousness into a context of how to perform
efficient product development, such as using the concept of Integrated Product
Development, represented an important positioning with regard to work on the thesis.

����3DSHU�9��3HUIRUPLQJ�&KDQJHV�LQ�3URGXFW�'HYHORSPHQW�²
DQ�,PSOHPHQWDWLRQ�)UDPHZRUN�ZLWK�.H\V�

(By Cecilia Beskow, Sofia Ritzén. Paper submitted for publication in 1999.)
Ritzén and Beskow shared the responsibility for all aspects of the research.

������2ULJLQ�DQG�SXUSRVH

Industrial competitiveness is dependent on a quick adaptation to new conditions from
the surrounding world. Flexibility is required, which is why an increased ability to
conduct changes is needed. Changes can be to implement new tools, which is a
frequent strategy in companies developing complex products. A re-analysis of earlier
studies was made; studies concerning implementation of tools, however, were not
analysed in terms of successful implementation. The comprehensive re-analysis
focused on implementation efforts with the purpose of finding guidelines on how
successfully to implement a support tool in product development.

������5HVHDUFK�DSSURDFK

Paper V presents a study consisting of four previously performed studies. Each of
these studies concerned an implementation of a support tool and its functionality and
effects on mainly the product development process. The support tools were LCA,
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PDM, QFD and EMS5. Qualitative research interviews (Kvale 1996) were used in all
four studies, resulting in a total of 78 interviews. Of these, 30 interviews were
selected and re-analysed. The material analysed was thoroughly examined with the
aim of structuring the knowledge it contained into information applicable in an
industrial setting.

������5HVXOWV

The presentation of the results in the paper follows a structure that was identified in
analysis work, as a pattern in the empirical material, which was also considered
logical in supporting industrial application. This structure consists of two parts:
“implementation performance” and “performance issues”. Implementation per-
formance includes the implementation process, organisation and management, and
performance issues include goal setting, education and knowledge, anchoring, and
resource allocation, and also implementers and users.

������&RQFOXVLRQV

The results were examined thoroughly and placed in relation to different theoretical
influences, so as to generate conclusions that could function as guidelines. The
guidelines are considered to be recommended features of each issue, and are supposed
to be usable in both planning an implementation or investigating one that is on-going
and evaluating one that is concluded.

Framework for successful implementation efforts:

Implementation cycle: Strive for a convergent process with careful planning at a pre-
action stage. Perform implementation cyclically, with increasing change field or
increasing detail level in tool usage for each cycle. Evaluate each cycle for learning
purposes in a post-action phase.

Organisational change field: Utilise a cross-functional team and define personnel
resources outside the team. Empower change agents if available. Question benefit of
starting-field.

Managerial consistence: Management’s support and commitment must be shown by
setting goals, providing resources and requesting results in a consistent manner.

Normative keys for implementation efforts:

Goal setting: Routinely set goals through formulation, spreading and anchoring –
goals that are clear, concrete, realistic and common.

Knowledge development: Provide opportunities for experiential learning. Consider
content, participants and time aspects for training sessions. Identify knowledge
sources.

Anchoring at all levels: Anchor tool implementation at all levels to secure proper
resource allocation, goal setting, acceptance and enthusiasm.

Adequate resources: Budget time and people considering level of implementation
requested. Question benefit of flying start.

                                                
5 Life-Cycle Assessment (LCA), Product Data Management (PDM), Quality Function Deployment
(QFD) and Environmental Management System (EMS).
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Focus on the individual: Provide individuals with opportunities to exert influence.
Utilise eagerness for personal development. Implement only tools that support
individual tasks.

������7KHVLV�FRQWULEXWLRQ

The focus on implementation of support tools provides contributions mainly based on
two grounds:
• Support tools are acknowledged as important means in both improving product

development and in performing ecodesign.
• Increased knowledge in performing planned first-order changes is required in

industrial product development to meet demands on flexibility.
In parallel, the re-analysis performed in this study was based on empirical material of
a comparable size, which is why it was possible to develop guidelines for industrial
application.

����3DSHU�9,��$FWLRQV�IRU�,QWHJUDWLRQ�RI�(QYLURQPHQWDO
$VSHFWV�LQ�3URGXFW�'HYHORSPHQW

(By Sofia Ritzén, Cecilia Beskow. Paper submitted for publication in 1999.)
Ritzén designed the study and collected the data. Ritzén and Beskow shared
responsibility for analysis and writing the paper.

������2ULJLQ�DQG�SXUSRVH

The study reported in Paper VI originates from the need identified concerning how to
integrate environmental aspects into product development. The study followed up
previous research, and had the purpose of providing a comprehensive view of the
industrial actions performed in companies today with the aim of achieving
environmental adaptation of their products. A further purpose was to identify changes
needed for integrating environmental aspects into product development and, based on
product developers’ experiences, draw up guidelines for further actions.

������5HVHDUFK�DSSURDFK

The first step in the study was to identify changes requested (structured in change-
related issues) for a radical integration of environmental activities into a company
inexperienced in performing “Environmentally Conscious Design”. The next step was
to investigate several best practice companies to map their actions and to relate
change issues to experiences in these companies. The empirical material was collected
through semi-structured interviews. One inexperienced company, called the “non-
practice company”, was investigated in the study. Three best practice companies were
investigated and 28 interviews were performed in total.

������5HVXOWV

The presentation of results consists of two parts. One part describes the non-practice
company, starting with driving forces for environmental actions, company climate in
relation to environmental issues and characteristics for product development
performance and environmental actions, and ending with change issues. The second
part describes the best practice companies using the same structure. Driving forces
and company climate are described for the three companies together, which is also
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done with change issues, while product development characteristics and
environmental actions are described for each company.

������&RQFOXVLRQV

The conclusions of the material analysed are structured in accordance with change-
related issues:

Management: Top management commitment is required for giving priority to
environmental issues – perform goal setting, resource allocation and follow-up
consistently.
Individual behaviour: Promote active participation, question need for behavioural
changes.
Resources: Changes are dependent on time. Extra time for analysis ought to be
considered.
Formal product development procedure: Incorporate environmental aspects into
formal procedures in order to show that priority is given to these aspects and raise
awareness among product developers.
Support tools: Utilise support tools to provide information for product development
decisions. Assess tools according to other than technical features – easy to use,
supporting communication etc.
Competence development: Develop competence of product developers to understand
“why”, and that of experts to know “how”. Secure knowledge sources.

������7KHVLV�FRQWULEXWLRQ

The results of this study provide guidance in issues that have been identified as
important for performing changes, and needed for the integration of environmental
aspects into product development. A comprehensive approach, based on ecodesign, is
taken in practice, supplementing earlier approaches focusing on single activities in
industry. The conclusion that there is a great need for actions to integrate
environmental aspects into product development – taking proactive measures -
represents a major contribution to the thesis.

����5HPDUN�WR�DSSHQGHG�SDSHUV

The studies constituting this thesis shifted over time from a tool-oriented to a more
comprehensive approach to how to integrate environmental aspects into product
development. The shift is the result of several factors. One is the influence of research
approaches such as the ones described above, although their influence has been
greater in supporting the shift, and in the analysis and  synthesis of results. A more
substantial influence comes from adjacent areas within product development research,
which also addresses the importance of how to perform product development. Finally,
the shift has also been made possible by the fact that empirical material from
industrial approaches has grown in amount, and thus made the drawing of conclusions
in this matter possible.
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� 0HWKRG�DQG�PDWHULDOV

This section explains the reasoning behind the choice of research method for the
various studies performed and gives a more detailed description of the practical
performance of Qualitative Research Interviews.

����5HVHDUFK�VWUDWHJ\

The main research questions and propositions in the research work are presented in
the Introduction (Section 1). The research question addresses how to integrate
environmental aspects into product development in relation to efficiency of work
procedures. Propositions in this research design have been that environmental aspects
need to be integrated, not handled independently, and that this requires work to bring
about change. As product development is a central action in environmental
improvement, the product developer has a key role to play and has therefore been the
unit of analysis in the empirical research. The research question, propositions and unit
of analysis all justify the choice of research strategy.

The main research question in this work has been with regard to “how” (compare
“who”, “what”, “where” and “when”). See Yin (1994). This is why qualitative
empirical research is adequate. Both the propositions and unit of analysis suggest a
research method that allows investigations in real life, investigating the needs and
conditions of product developers.

Further, the field of environmental adaptation of products is fairly new and the need to
perform empirical research is obvious, especially since a foundation in systematised
knowledge and experience must be lain to find industrially applicable results. The
empirical base for the research was in large Swedish manufacturing companies. In this
sector, complex products with substantial environmental impacts are produced, while
there is also an awareness of the need for improvements as well as a focus shift from
production to product. A willingness to change can be inferred, which is important for
performing the qualitative empirical research reported in the appended papers.
However, there is still little experience among product developers of practice in
integrating environmental aspects into product development; environmental
adaptation efforts are rather few and spread to a limited extent in industry, which is
why quantitative research efforts like questionnaires are excluded.

The subjective experience of product developers is important in that it contains
knowledge about opportunities and obstacles for change that an integration of
environmental aspects either requires or conveys. Investigating the subjective
experience of product developers is a vehicle for finding industrially applicable
results. One reason for collecting qualitative data is justified by what Miles and
Huberman (1994) identify as one of their major features: they focus on “real life”
since they are based on “naturally occurring, ordinary events in natural settings”.

In sum, there are several rationales for performing qualitative empirical research:

• industrially applicable results are aimed for,
• the research area is relatively undeveloped in the academic world,
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• there is little practical experiences in industry,
• theory in the area is incomplete.

These rationales jointly justify the focus on the subjective experience of product
developers in industry. An identified willingness to improve product development
further justifies collaboration with industry. The rationales also justify the choice to
perform Qualitative Research Interviews. As stated by Kvale (1996):

…a semi-structured life-world interview…is defined as an interview whose
purpose is to obtain descriptions of the life-world of the interviewee with respect to
interpreting the meaning of the described phenomena.

����4XDOLWDWLYH�5HVHDUFK�,QWHUYLHZV�DV�WKH�SULQFLSDO�GDWD
FROOHFWLRQ�PHWKRG

Interviews have been performed in all the studies as a means of gaining knowledge
about specific problems defined in the design of each research study. Table 5 shows
the number of interviews and the number of participating companies in each study.
For Paper IV no numbers are given, since it consists in a conceptual discussion based
on several other studies. Paper V is also based on previously performed studies, but
numbers are given for both re-analysed interviews and the total sum of interviews.
Each interview was recorded on tape for documentation purposes.

Table 5 Numbers of interviewees and participating companies in the research studies.

Paper I Paper II Paper III Paper IV Paper V Paper VI

#
interviewees

16 9 21 - 28(72) 28

# companies 7 5 5 - * 4

*Almost all companies were represented by the interview selection. The studies from which
interviews were selected include 7, 6, 4 and 5 companies respectively.

In the studies performed the subjective experiences of the interviewees are those of
everyday life in the jobs of product developer and environmental specialists.
Descriptions of the handling of tasks concerning environmental issues (for instance
use of LCA, implementation of ISO 14 001, carrying out education on environmental
issues, unspecified tasks of adapting products according to environmental criteria)
have been sought. Also sought were the obstacles and needs perceived in the
integration of environmental aspects and the interviewees’ views on desirable changes
and specific actions. During the interviews, responses were interpreted immediately,
to ensure there was correct understanding of responses. In particular, the meaning of
what was said was interpreted rather than how it was said.

A semi-structured form of interview is justified by the roles the interviewee and
interviewer are given. In a semi-structured interview the interviewer wants to
investigate the individual’s view of conditions within certain subject areas of special
interest to the interviewer (researcher). In a semi-structured interview, the interviewee
has a strong influence on what and how much is taken up on each topic, compared
with an unstructured interview (where the interviewee alone decides what should be
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discussed), and a structured interview (where the interviewee is totally tied to the
questions posed. See Westlander (2000).

The procedure applied in the studies performed is similar to the seven stages Kvale
(1996) recommends for research purposes. In Figure 9, the procedure adopted (the
same in all the empirical studies) is compared with the sequence of seven stages in
Qualitative Research Interviews, followed by a description of these different stages.

,QWHUYLHZJXLGH,QWHUYLHZJXLGH
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Figure 9 Sequences of performing Qualitative Research Interviews (Kvale 1996) and
procedure practised.

Kvale proposes thematising as a first step after the general purpose and topic for the
study have been defined. In this thesis this has been done to a great extent in relation
to reporting and reflecting on studies previously carried out. Thus the studies have in
some way followed one other, as is also described in Section 1.1 which gives an
outline of the work performed.

������,QWHUYLHZ�JXLGH

In a semi-structured research interview, a guide is prepared in order to set a structure
for the interview. To achieve the purpose of the interview it is important to complete
the conversation on the subjects defined, but it is equally important to let the
interviewee bring up what according to his/her subjective experience is relevant and
important.

The content of the interview guide has been different in each study, although it is the
same for each company. The guides were modified according to function and level of
the interviewee in the company. For Study VI different guides were used, because of
an appreciation of how experienced the companies had been in integrating
environmental aspects into product development, and also because of a previous
investigation of environmental activities regarding adaptation of products.
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������,QWHUYLHZV

Interviews are said to be the most delicate part when the method of Qualitative
Research Interviews is used. The interviewer must be well aware of the topics in the
interview and have certain knowledge, yet still be able to balance this with openness
to the interviewees’ experiences and knowledge. Kvale (1996) defines this as
“deliberate naïveté”, which is one of the important aspects of Qualitative Research
Interviews. Intuition also plays a role in conducting interviews. For instance, the
interviewer must manage to direct conversation to topics not defined in the guide. For
this, it is perhaps more important to perform a continuous evaluation of the
interviewees’ responses.

An approach used in several studies reported in the appended papers is to perform
interviews with two interviewers. This is important both during the interview and
afterwards. During the interview a continuous check to ensure that responses are
understood correctly is facilitated if the questioning is divided between two people,
and objectivity (in terms of inter-subjectivity) is increased if this is discussed between
the interviewers after the interview. Personal opinions can more easily be sorted out
although this is not believed to provide objective results in an absolute sense. The
subsequent data analysis also benefits from the involvement of several people, which
is enhanced by participation during the interviews. All our interviews were tape-
recorded.

������7UDQVFULSWLRQ

The tape recorded materials (utterances) were transformed into written text. The
interviews referred to here have been transcribed word for word although some
smaller corrections in language have been made.

������&DWHJRULVDWLRQ

Categorisation consists in the structuring of the material through the allocation of
codes. Codes can be the same as the themes used in the interview guide, meaning that
the guide can be used as a list of codes for categorisation. The approach that has been
used in this work is that themes are defined on the basis of a small sample of
transcribed interviews in order to prepare a coding list. This list is similar to the
interview guide and is influenced by the guide. However, by initially defining a
coding list from interviews, themes not mentioned in the interview guide are captured.
Thereafter, a more detailed coding within themes is performed. Two or more
researchers perform the coding, and a final coding list is prepared by mutual
agreement. This list is used for categorisation of all empirical material.

������$QDO\VLV

Analysis starts during the interview, with a direct interpretation of what the
interviewee says in response to questions. Analysis is also performed during the
interview, which is conveyed back to the interviewee as he or she discovers new
relationships and meanings in the themes discussed. The author of this thesis has
performed the analysis in collaboration with one or two other researchers in the
reported studies. Reading and discussion of the patterns found in interviews and codes
are connected with the questions raised in thematising. Descriptions of phenomena are
made and findings, in the form of codes, are structured for reporting.
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������5HSRUW

Findings and conclusions from the analysis work were collected for some of the
studies in the form of a report. The report was distributed to interviewees and contact
people at the companies. An oral presentation was also made at the participating
companies if they agreed to the suggestion. Another way of reporting was through the
publication of papers at conferences and in journals.

������5HOLDELOLW\�DQG�YDOLGLW\�RI�UHVXOWV

The reliability of results is strongly linked to the data collection procedure, and
concerns whether the procedures can be repeated (Yin 1994). Qualitative Research
Interviews can not be repeated since the situation of an interviewee is instantaneous.
The actual purpose of performing interviews, describing the subjective experience of
an individual, conflicts with the requirements of reliability. To provide interested
parties outside the research group with a base for assessing how results have been
reached, interview procedures were defined for the research studies performed.
Moreover, to decrease subjective interpretation two people including a research
colleague largely carried out the interviews, and all interview material has been
analysed by two researchers. Results and conclusions are also presented separately in
the reporting of interview studies.

Validation of research results has mainly been attempted in the late phases of
interview performance – by means of interviewing, analysis and reporting. As
described above, several researchers were involved in the interviewing and analysis.
Further, the interviewer has requested direct feedback during the interviews on the
interpretation of the interviewees’ answers. Results have been reported to companies,
and in certain cases discussed with interviewees.



'LVFXVVLRQ

35

� 'LVFXVVLRQ

A common objective of the six studies was to find practical solutions on how to
integrate environmental aspects into product development. This has been done with
the collection of empirical data, i.e. by seeking experience and knowledge among
product developers in industry. In this section, conclusions drawn from the empirical
data are discussed. Environmental activities and actors as well as environmentally
driven changes are discussed, followed by a discussion of changes requested for
achieving an integration of environmental aspects into product development.

����(QYLURQPHQWDO�DFWLYLWLHV

Industrial approaches to the integration of environmental aspects, such as in the
studies presented, show a trend in several Swedish companies over the last five years.
Development and application of LCA, which were prioritised in many manufacturing
companies, promoted a shift in the focus of environmental issues from production to
products. As companies embraced environmental issues for the entire organisation,
Environmental Management Systems were developed and implemented. ISO 14 001
was frequently applied in Sweden, and many certificates have been issued. At the
same time, broader efforts involving several activities for developing environmentally
adapted products other than through application of LCA have been attempted in
industry (see Table 6). These activities are presented in the form of a compilation of
results from Study II (a comprehensive investigation of environmental activities in
Swedish industry) and Study VI (an investigation of non-practice and best practice
companies).

LCA application entails other specific activities. Conducting an LCA includes goal
setting, inventory analysis, impact assessment and improvement analysis. In some
cases inventory analysis also results in the development of a database within the
company, as data storage for use in other LCAs.

As for LCA, any tool developed and applied entails certain activities. Referring to the
experiences of companies five, six and seven, such activities can typically be
calculations for one person or a team collaborating on product analyses and assessing
environmental features.

Further, the implementation of an environmental management system results in
additional activities. An analysis of material and energy flows in the business is a
major activity in implementing ISO 14 001 (comparable with the inventory analysis in
performing LCA, although analysis concerns a different unit – LCA; product, EMS;
business), as well as general education for all employees.

As a whole, the environmental adaptation of products in industry most typically
encompasses several activities, within which development and application of tools are
important single activities. Such activities promote changes that can be defined as of
the first order, or as improvements to current work procedures. EMS activities can
also affect the values and visions of the companies but are still restricted to improving
production in the company, with little effect on product development. It is also
noteworthy that few companies have performed activities that push for routine
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integration of environmental aspects. A major conclusion is that a comprehensive
view of environmentally related efforts would enhance the possibility of an efficient
integration of environmental aspects into product development.

Table 6 Environmental activities identified in a sample of companies investigated.
Company

year of investigation

Activity

1

‘97

2

‘97

3

‘97

4

‘99

5

‘99

6

‘99

7

‘99

Implementation and use of the support method Life-
Cycle Assessment,
variant 1) User is specialist on staff, data are requested
from and results are presented to product developers,
preferably designers.

x x x x x x

Implementation and use of the support method Life-
Cycle Assessment,
variant 2) Users are both specialists on staff and project
members.

x x

Development of company-specific support method for
assessment of environmental load related to product
developed. Variant 1 or 2, as described above.

x x x x

Implementation of Environmental Management
Systems:

Start-up of ISO 14 001 implementation x x x x x * x

Certified x

Change product development model, i.e. adding
requirements related to environmental aspects in the
process managing documents.

x x

Develop guidelines for material choices in product
development work.

x x x x

Routine use of environmental expertise in product
development projects.

x x x

Environmental organisation developed for routine
support of product development activities.

x

*Other EMS applied.

����(QYLURQPHQWDO�DFWRUV

The overall purpose of the integration of environmental aspects into product
development is that these aspects should be taken into account to the same degree as
other aspects governing the development of a product. The first area of integration,
according to Andreasen and Hein (1988), should be fulfilled – meaning that
environmental aspects should be considered in parallel with the market, product and
production. In practice, an integration of different aspects is achieved by collaboration
between people representing different functions (market, production, design).
Accordingly, multi-functional teamwork is the preferred application. In relation to
team composition, the actors involved in environmental activities ought to be
explicitly considered. As described under the heading “Product development
performance” (Section 2.2), a product development team is preferably multifunctional
with both a core and an extended team. Further, in an organisation’s striving for
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environmental adaptation of products, environmental actors ought to be identified.
Whether a new department consisting of environmental experts should be installed or
whether competence should be increased within existing departments must also be
considered.

Because of a shift in focus from production to products, quite explicitly with the
development of LCA, the role of environmental experts has become different. Either a
new function was developed or previous ones were expanded. In the study of LCA
implementation and use (Study I), all participating companies had installed a
specialist function in their R&D company. It was also shown in the study, however,
that there was little effect on products from LCA usage. The reason for this may lie in
the features of LCA and the experimental level of LCA usage in these companies, but
it also says something of the need for coupling environmental issues more solidly to
product development actors. Since LCA requires experts in performance, interaction
between specialists and product developers is required for this specific activity.
Findings from Study VI show collaboration between specialists and product
developers in LCA application, and also over other issues concerned with detailed
environmental features of components or materials. However, interaction between
specialists and product developers might not be enough for major product changes.
One can assume that skill in environmental issues among product developers in a core
team influences the product more than if that skill is found in the extended team. A
general opinion among product developers is that a specialist function is most likely
required, although specialists should be able to work close to product developers and
not be assigned to company staff.

McAloone (1998) identifies environmental actors in his exploration of companies that
successfully carried out environmentally conscious design, and calls them
“environmental champions”. Environmental champions have a great influence on the
results of introducing environmentally conscious design, and their main task is to
create enthusiasm and commitment rather than provide expertise. Knowledge of how
to find expertise was an important asset of environmental champions. According to
the discussion above, an environmental champion might provide the link between the
core and extended team. A certain authority for the environmental champion is
needed, closely linked to the environmental issues given priority in the organisation.
According to the opinions of interviewees in Study VI, nobody fell into the category
of environmental champions. In Study I, LCA specialists can be said to be champions,
since they were ambitious in spreading application of the tool.

The study on EMS (Study III) reveals environmental actors other than R&D
specialists and environmental champions. For the actual implementation of ISO 14
001 a team of actors is assigned for a limited period of time. What an EMS still
requires is an environmental co-ordinator, who in many of the companies investigated
was often a person without previous experience in environmental tasks. The selection
of environmental co-ordinators was made in several of the companies in accordance
with the person’s own environmental interest, since a commitment to these issues was
highly valued. This is comparable to the characteristic features of an environmental
champion, although these persons were not explicitly involved in product
development.
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The results from the EMS study indicate that ISO 14 001 had little effect on product
development, and the influence of environmental co-ordinators can not be expected to
be very high. However, the effects of creating awareness and commitment on a
general level are likely to be important – regarding relations between environmental
aspects, product development and more comprehensive business development. The
effects of increased awareness of environmental issues from EMS implementation are
also important among product developers, putting environmental aspects into the
business context.

����(QYLURQPHQWDOO\�GULYHQ�FKDQJHV�LQ�SURGXFW�GHYHORSPHQW

Developing environmentally adapted products requires an integration of
environmental aspects into product development – a basic proposition in the research
work. The other basic proposition is that integrating environmental aspects needs
change in the way product development is carried out.

The sections “Ecological limits and sustainable development” (Section 2.1) and
“Environmental adaptation of products” (Section 2.3) deal in several ways with what
should be changed in order to develop environmentally adapted products. As
described above, a product represents an environmental load in materials and
processes, whereas an environmental adaptation represents a reduction in the
environmental impact of the product. Accordingly, environmental aspects consist in
the actual linkages between material properties and ecological principles as well as
between process properties and ecological principles. In brief, changes in products
concern materials and processes, and improvements can be made only if each phase of
a product life-cycle is taken into account.

Such product-related changes indicate the tasks the product developer is confronted
with in reducing the environmental impact of products. What is new to a product
developer is life-cycle thinking, e.g. developing a product with properties securing
after-life treatment along with the functions required for usage. Materials and
processes must be chosen from properties securing function and quality but must also
be assessed according to environmental impact. There is also insecurity about
environmentally related data – because of the lack of such data, uncertain cause-and-
effect relationships and poor reliability of sources (O’Leary et al. 1999) that the
product developer has to deal with. This might not necessarily mean there is a
difference in the ways in which new aspects influence product developers, but there is
an actual influence on the work of product developers of the integration of
environmental aspects.

On an operations level there is yet another complication because of environmental
aspects. At design phases a great deal is already specified, and there is little scope for
making changes in materials and processes. This suggests that environmental aspects
ought to be considered early in product development, and might even be a task in
product planning and in technology development. Sherwin and Bhamra (1999) argue
that in order to realise the environmental adaptation of products “designers need to be
involved in major decision making activities that shape product strategy, asking
fundamental questions about nature and types of products being designed rather than
simply dealing with the everyday design decisions of material specifications, function
and aesthetics”. The multifunctional teams that are a common way of working in
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product development, according to the companies investigated in the studies, provide
a suitable base for integrating environmental aspects into product development at an
early stage. However, the studies suggest little about innovation-driven product
development regarding environmental impacts.

Research on how to perform required changes has been performed mainly in the two
most recent studies presented in this this thesis, studies V and VI. Study V focuses on
implementation of support tools, and thus provides knowledge about a prioritised
activity in the integration of environmental aspects. This study also contributes to
knowledge about how to perform planned first-order changes. Since the activities that
are identified as environmental activities (Table 6) are almost all planned first-order
changes, this knowledge is also valuable in a wider context than that of the
implementation of support tools. However, Study VI contributes at a more general
level to identifying actions for integrating environmental aspects into the product
required by product developers.

����'ULYLQJ�IRUFHV�LQ�WKH�HQYLURQPHQWDO�DGDSWDWLRQ�RI
SURGXFWV

No changes are achieved unless specific driving forces exist. Changes can be initiated
within a company or can be a reaction to external forces (planned and unplanned
changes). However, both external and internal forces can drive planned changes, such
as the required changes experienced by product developers in the studies.

������([WHUQDO�GULYLQJ�IRUFHV

The research confirms pictures earlier identified of a variety of driving forces (Ritzén
1996, Brezet and van Hemel 1997). Driving forces for environmental adaptation occur
in interaction in society between government, stakeholders, suppliers and buyers,
environmental organisations, and end consumers. The interviewees in the best
practice companies (Study VI) clearly state that the environmental adaptation of
products requires driving forces beyond legislation, and that the strongest effect is of
market forces. These companies have a strong customer focus. An overarching aim
for product development is to develop what the customer wants. Although customer
demands for environmental adaptation are estimated to be fairly small today,
predicted customer demands and aims to be first on the market among competitors
are also driving the development of environmentally adapted products. Other
predicted changes that certainly push companies towards considering environmental
issues further are increased costs of energy and material, and obligations to take back
products.

������,QWHUQDO�GULYLQJ�IRUFHV

In the best practice companies a positive attitude to environmental issues was reported
(based on the interviewees’ experiences). An awareness of the importance of these
issues was experienced, as too was as an ambition to integrate these questions into
routine work. Broadening the discussion to all the research studies, one indication of
the ambitions of companies is the development of an environmental policy. As a
symbol, a policy is most likely useful, but that is also met with scepticism, given that
there is little actual influence on product development performance. Open
communication with clear signals from management about environmental issues will
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certainly influence the organisational climate and thus become an internal driving
force.

Societal responsibility within a company is also an internal driving force, although it
is not seen as a strong one. It must not, however, be neglected as a force for individual
acceptance since individual commitment plays an important role at all levels in a
company.

����5HTXLUHG�FKDQJHV�IRU�LQWHJUDWLQJ�HQYLURQPHQWDO�DVSHFWV

It has been of great concern in this research to find what is needed in industrial
product development for realising the integration of environmental aspects. Indeed,
this concern shaped the final study, in which proactive measures were outlined. These
measures sprang out of conclusions about the changes product developers experienced
as required for the environmental adaptation of products. In the following section the
required changes will be discussed. They have been structured under five themes: the
role of management, the role of individual commitment, knowledge and skills, work
procedures, and support tools. However, it should be pointed out that the themes are
closely related and interdependent.

������7KH�UROH�RI�PDQDJHPHQW

Keldmann (1997) argues that environmental issues must be incorporated into regular
business activities in order to achieve improvements to products. This means that
environmental issues are management issues, and that business development must
incorporate questions of environmental adaptation of products. The results of Study
VI suggest actions that can be interpreted as being incorporated into a business
strategy. One best practice company had identified the environment as a “core value”,
and developed an organisation that managed the environmental properties of product
development. In two other best practice companies, decisions to develop products
with environmentally unique properties had been made. These actions are defined as
being important for long-term change, and management action in general is reported
as being important for the integration of environmental aspects into product
development; this is also the case in the non-practice company. Despite the
commitment at management level that the interviewees perceive, they claim that
stronger signals and clearer actions are needed.

The implementation of an EMS, such as ISO 14 001, could be regarded as a
management action. An EMS means in practice a control system for improvements of
material and energy flows in a company, e.g. with regard to how environmentally
related tasks in production are structured and documented. The study on the
implementation of EMS (Study III) showed, as mentioned, that at least during
implementation and soon after certification, there was little effect on product
development activities, and Study VI further confirms this result. The effects
perceived of assigning an environmental co-ordinator are considered to be similar to
the effects perceived of EMS implementation in general: it gives higher priority to
environmental issues. Strong signals from management, as requested, would
preferably include clearer goal setting and statements of short-term and long-term
directions in sustainable development. Goal setting must include both definition and
anchoring in the organisation.
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Resource allocation is a clear management action, both setting priorities between
issues, and meeting practical conditions for performing changes. In implementing
support tools, one common problem in resource allocation is an over-optimistic
allocation of time and people. Adequate resources and “honest” time planning are
required. For integrating environmental aspects, few extra resources are expected to
be needed. However, time for an analysis of environmental impacts regarding
materials and processes is needed and must be planned for, even though an extension
of the time needed for the product development project is not required. With more
tasks and extra work, avoiding time extension implies a need for extra people instead.

Decisions to run environmentally driven projects and raise the priority of
environmental features of a product are also clear management actions. These have
been experienced in the best practice companies, and are perceived as management
support, although follow-up on these decisions and general feedback are still lacking.
This is also identified in Study V as a lack in management action. A clear conclusion
from the implementation of support tools is that consistent behaviour is required,
meaning that management should set goals, allocate resources, follow-up on results
and give feedback. It is highly important to gain employee acceptance, motivation and
commitment to the changes that the integration of environmental aspects entails.

������7KH�UROH�RI�LQGLYLGXDO�FRPPLWPHQW

In studies I, II and III, a positive attitude and a strong commitment to environmental
issues among interviewees could be identified. Study III shows that the
implementation of ISO 14 001 was met with positive reactions among people in
general in the companies investigated. In Study VI little or no resistance to change
could be seen, but the level of enthusiasm was not very high either. There is a
difference in the interviewees’ functions in the studies, where studies I to III included
environmental specialists to a greater extent than Study VI, which more or less only
included product developers at operations level. Even if a positive attitude to
environmental issues is apparent among people in general, a great effort in creating
acceptance and commitment seems to be needed. There is a need to encourage
individuals to take an active part in the changes, identifying people not assigned to
perform environmentally related activities but nonetheless affected by a radical
integration of environmental aspects.

The research on implementation of support tools (Paper V) shows that to perform a
successful planned first-order change, an important factor is to involve individuals in
that change. It is crucial not only to make sure that people accept change but also that
they can have an influence on how the change is performed. On the matter of
integrating environmental aspects into product development, this could mean that
product developers take part in decisions concerning which activities should be
performed in order to realise integration and, in parallel support, the work situation of
product developers. Coupling to goals of integration to product development is
beneficial in that people are given experience. Goals of integration should be coupled
to goals of product development so that people experience a need for the changes and
thus support from change activities. A willingness to enhance personal development
should also be emphasised.

Reflecting on the role of individuals in changes raises questions of whether
behavioural changes are needed or not. Porras and Robertsson (1992) state the
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importance of changing the behaviour of individuals on-the-job in order to achieve
lasting changes in an organisation. This question ought to be placed in relation to the
scope of the change. The character of the activities that has been identified in the
investigated companies is improvement rather then comprehensive renewal. In
parallel, no consciousness of changing behaviour can be identified. One possible
development however, is that younger people will have a different behaviour in
environmental evaluations, and thus continuously increase environmental
commitment. Such a difference between generations is identified in Study VI.

In the environmental activities identified in the empirical material, relations can be
seen to most categories of key factors for changing individual behaviour, defined by
Porras and Robertsson (1992); see Figure 8. For instance, organisational arrangements
like goals and strategies are affected from implementation of an EMS. The social
factor “interaction processes” is affected by tool implementation, considering
individuals in the product development team interacting with specialists in R&D
functions. Technology factors like “tools” and “technology expertise” are also
affected from the implementation of support tools. Changes in the physical setting
can, however, not easily be identified. The fact that changes can be found within most
categories indicates that successful changes can be reached with the activities applied
in industry. However, with a greater effort in actively influencing individual
behaviour together with a greater concern of the interaction of the factors, it seems
even more likely to reach a success in conducting lasting changes. Porras and
Robertsson (1992) state that social factors are the most difficult to change since they
are intangible and as such need to be considered systematically. Social factors must be
carefully considered in the context of environmental issues because of the fact that
individual acting is strongly linked to peoples own moral and ethical valuations.

������.QRZOHGJH�DQG�VNLOOV

The environmental area represents almost a new discipline to most product
developers. Based on ecological analysis, the effects of transformations of energy and
material should be assessed in order to evaluate the environmental impact of a
product. This results in requirements for increased information transfer and increased
knowledge. Training is required to provide skills for the actual integration of
environmental aspects.

Consideration of whether product developers should be skilled in making
environmental analysis or not is needed in the companies. Radical integration requires
knowledge development among product developers, although workload, fast changes
in the content in the environmental discipline and the complexity of the environmental
data suggest acceptance of available expertise. Study VI suggests that product
developers need to ”know why”, while experts are required to “know how”, i.e. what
actual product-related changes are needed to meet environmental goals.

That developers know why products ought to be environmentally adapted is the
minimum requirement to set in knowledge development in order to realise product
improvements. In any case, a customisation of education is preferred; it needs to suit
the various knowledge levels and work activities of the product developers involved.
A balance between a general education for creating awareness and more specialised
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education must also be reached within any organisation with the intention radically to
integrate environmental aspects.

As stated earlier, environmental actors need to be identified. Assigning environmental
champions is one path to take, which is also indicated in the best practice companies
in Study VI. Experts are needed, but in action close to product developers, preferably
as a member of the team. Experts could be located in an extended team, which – if
equal priority is given to environmental aspects and other aspects such as function and
cost –is likely to be enough (since a request for information and knowledge could
come naturally from the core team). It is also important that actors in the core team
have a clear view of knowledge sources within and outside the company.

As for changing individual behaviour, knowledge development and questions of
learning will concern the scope of requested changes. As described under the heading
“Conducting changes” (Section 2.4), Argyris and Schön (1996) state that changes
involving renewal require double-loop learning. Double-loop learning includes a
questioning of norms and strategies and might result in new goals for an organisation.
If the aim of a company is to approach sustainable development, double-loop learning
may be required. Some approaches to this were detected, such as in the best practice
company that defined environment as a core value for its business. However, at the
operations level, double-loop learning does not seem to be taking place, given that the
activities performed are characterised by performance of improvements. Still, team
members in the projects where environmental aspects have been prioritised
experience a radical integration of environmental aspects. With time for reflection and
transfer of knowledge to new projects, this can be an experiential learning situation.
Skills can be developed if the cycle from action to action via experience, analysis and
conceptualisation is achieved.

������:RUN�SURFHGXUHV

Work procedures are crucial to the efficiency of product development activities.
Consequently an adjustment in accordance with the environmental adaptation of
products is required. In the best practice companies as well as in the non-practice
company in Study VI, small changes or no changes at all are seen in formal work
procedures. The important implication for how to develop work procedures is that no
actual changes in the performance of product development is required but that
environmental issues ought to be identified so they can be consciously handled and
prioritised. The theoretical models of product development performance raise one
important point; the organisation of a work procedure should be regarded as a process
with gates where activities performed previously are reviewed. Such audits should
include environmental issues in order also to make decisions according to
environmental criteria.

Olesen et al. (1996) define “milestone planning” as having an idea phase, analysis
phase, goal setting phase, conceptual phase, detailing phase, establishment phase and
production phase. A milestone separates each phase, after which environmentally
oriented questions should be answered. This fits in with the ideas of the interviewees
in Study VI, who point to the importance of including environmental issues in
decisions during the process of product development. The fact that environmental
issues are not included in descriptions of product development performance today
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clearly indicates that environmental aspects suffer in priority compared with
traditional aspects such as cost, quality, performance and lead-time.

One of the best practice companies (Company D) differs in its organisation of product
development and in its integration of environmental aspects. With an organisation of
product properties, where the environment is set as one property, environmental
issues can be given formal consideration. This organisation also contains actors who
communicate environmentally related demands to product development teams and
also provide support in the form of environmental expertise.

The compilation of success drivers for new product development (Table 3) clearly
highlights factors of great relevance to an environmentally related adjustment of work
procedures. These factors are elaborated on in the section on efficiency (Section 5.7,
Table 6).

������6XSSRUW�WRROV

The development and application of support tools is an often prioritised effort in
improvements of product development performance, as it is for integrating
environmental aspects. Implementation and use of tools have also been the focus of
this research work, which is why several contributions in the appended papers are on
this subject.

LCA is one tool frequently applied in companies considering environmental
adaptation of their products. It has been developed in order to assess the total
environmental impact of a product, and is a problem-identifying tool in that
environmental impacts are identified for materials and processes during the product
life-cycle. The results of Study VI reflect the view among environmental specialists
and product developers that LCA is an efficient tool in impact analysis. Problems with
tool usage concerned reliability, since the assessment includes subjective elements,
and also its complexity level and requirements for time-consuming activities (such as
the inventory analysis), all of which restricts its application for product developers.
LCA has been widely analysed lately, resulting in criticism aimed at the deficiencies
identified above. Indeed, Brezet et al. (1999) conclude that LCA should not be used in
industry since it does not provide necessary support from a business perspective.
Instead, methods for environmental accounting are requested. Sherwin and Bhamra
(1999) criticise LCA usage for being too narrow, focusing on products and limiting
analysis to an existing product. Accordingly, innovative approaches are not supported
by the use of LCA. Both sources suggest the development of other tools for the
performance of ecodesign.

The best practice companies had applied LCA and, in two cases, had developed
routines for collaboration between the company and the R&D company on the matter
of performing LCA. This procedure provides a way of overcoming the problems of
time consumption and skill required to perform an LCA. The best practice companies
had also developed methods by the time of the interviews, and customised them to a
greater extent to the needs they had experienced. These tools concerned measuring
improvements in accordance with environmental aspects, environmental accounting
and analysis of the effects of environmental improvements. The results from this
research work show that LCA can be used advantageously in industry if expertise is
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available and the findings are spread to product developers. Analysis tools with strong
linkage to ecological limits are needed.

Ehrenfeld and Lenox (1997) argue that relying on tools in the implementation of
strategies for environmental adaptations of products entails some risks. These concern
the performance of a tool since it is often too complicated to use at the operations
level, is assumed to be a condition for adaptation of products, or focuses too much on
detailed design. Further, Ehrenfeld and Lenox see risks in applying tools instead of
executing an effective implementation strategy to overcome perception problems.

From the empirical results, it can be inferred that tools are important approaches for
integrating environmental aspects. However, the conclusion can also be drawn that
too much trust can be put into such tools. Actual use requires careful implementation,
which is many times neglected. Tools should be used, as Keldmann (1997) describes,
to ease the work and structure efforts that are deployed and perhaps also as a way to
generate initial results and make progress. Other benefits from using tools can be
gained, such as improving communication between different functions. Tools should,
overall, be placed in relation to a strategy of a radical integration of environmental
aspects into product development.

Implementation of tools has been the focus of Study V since the successful
implementation of tools is crucial to benefits being gained from their usage. An
efficient work procedure requires an efficient implementation of support tools, and –
for continuous improvements in product development – increased knowledge in
performing planned first-order changes is required.

Study V defines a framework and implementation keys as guides for the
implementation of support tools. The framework entails performing a cyclical
implementation process, defining the organisational change field, and having
consistent managerial behaviour. Implementation keys are coupled with the
framework, and comprise goal setting, knowledge development, anchoring at all
levels, adequate resources, and a focus on the individual. As guidance in performing
planned first-order changes, the framework and the keys have influenced the
outcomes of proactive measures recommended for the integration of environmental
aspects into product development.

����6XVWDLQDELOLW\

A general question regarding environmental improvements and actions related to
environmental issues in industry is whether they advance sustainable development or
not. This is a question of increasing eco-effectiveness, of doing the right things for a
total improvement of the environment.

According to the empirical material, it is unclear to many product developers what
relationship sustainable development may have with product development. This is
interpreted as an indication that business strategies do not relate to criteria for
sustainable development for more radical changes, as described in Box 2. Activities
are mostly aimed at first-order changes, and no goals are identified related to criteria
with the magnitude of socio-ecological principles. Ambitions and goals are not
coupled to issues of sustainability, a conclusion that can be inferred from the
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improvements of single products and limited actions that the studies report. The aim is
to become competitive and, as several responses in the studies indicate, business
development must take place within the confines of societal development, since
competition between companies is great and customer demands on environmental
improvements are still low. It is also important that there are skills for performing
technical changes. Guidance in product development as well as business development
is needed, which The Natural Step (DNS) attempts to deal with in its definition of
systems conditions (Section 2.1).

����(IILFLHQF\

The efficiency issue in the matter of integrating environmental aspects into product
development can be divided in two parts:

• The efficiency of the integration, i.e. how well activities “push” an actual
integration and whether changes performed meet defined goals of activities.

• The efficiency of the product development process, i.e. whether the goals of
function, lead-time and cost are met.

The empirical material mainly concerned the efficiency of integration activities,
although an overarching question has been whether activities interfere with the
efficiency of the product development process. Efficiency of integration is further
highlighted under the heading “Recommendations based on conclusions” (Section 6).

In Study VI an explicit question was asked, i.e. whether the integration of
environmental aspects affects the efficiency of the product development process or
not. Conflicting answers were given, since one view was that environmental aspects
could not affect process efficiency negatively, whereas another was that
environmental aspects conflict with aspects of function and cost. Our interpretation of
the answers was that new aspects, such as environmental aspects – assuming adequate
information is given to product developers – do not restrict the performance of
product development. And, in parallel, environmental improvement can affect both
function and cost, and thus hypothetically decrease efficiency in the sense that goals
are not met. This, however, is strictly hypothetical, since environmental aspects have
not been given the same priority as aspects of function and cost. This leads us back to
the discussion of effectiveness and sustainability. As long as environmental aspects
are given lower priority in the setting of goals, and are not involved in the quality
function of products, efficiency can actually decrease from environmental
improvements. “Doing right things” are only to a small extent considered in terms of
sustainability, although it should be pointed out that this is a question to which
increasing attention is being paid in industrial product development.

In the section “Efficiency in product development” (Section 2.2), a comparison of
different sources revealed a summary of themes defining what is important for being
successful in product development. These themes are also identified empirically, in
unity with changes requested for integrating environmental aspects, although
discussed in other terms. Table 3 in Section 2.2 can thus be extended with a column
describing environmental related to the success of product development; see Table 7.
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Table 7 Environmental actions can be related to the success of product development.

Common themes

(from Table 3)

Activities for integrating environmental aspects into product
development in relation to success themes.

Strategies Include environmental issues in business development as well as in
product development. Management set a clear direction for an
environmentally-driven change in product development, related to
criteria of sustainable development.

Customer focus Environmental issues ought to be included in customer-focusing
activities, such as market investigations. Among driving forces,
potential customer demand and competition to be first on the
market are increasing in importance.

Goal setting Equally important in product development as it is in conducting
environmentally-driven changes.

Leadership Equally important in product development as it is in conducting
environmentally-driven changes.

Multifunctional
teams

Environmental actors ought to be identified in an organisation
aimed at environmental adaptation of products: multifunctional
teams are a beneficial base in handling environmental issues,
securing adequate skills in product development.

Formal processes As an instrument of managing precision and convergent processes,
formal processes are equally important for performing changes
such as environmentally related actions. Formal processes
including environmental issues indicate priority level.

Early stages Environmental issues must be integrated early in product
development in order to secure an actual environmental adaptation
of products.

Table 7 indicates that an integration of environmental aspects does not have to restrain
efficient product development if strong driving forces for environmental adaptation
are identified in the company.
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� 5HFRPPHQGDWLRQV�EDVHG�RQ�FRQFOXVLRQV

Based upon the conclusions of changes required, actions that are needed actively to
improve the efforts to integrate environmental aspects can be formulated. Various
proactive measures are presented in the following section, and are recommendations
on how to initiate and conduct the change process that the integration of
environmental aspects entails. A concluding summary on the changing conditions for
product developers, environmental activities and actors is presented. Finally, the
generalisations that can be made from the results are discussed.

Companies need to change their product development to be able to contribute to
sustainable development. This becomes clear as the impact of human activities is too
great on the environment. The development of growing awareness in society as well
as within companies indicates a positive change. It is from an industrial point of view
most important to act immediately as competition increases, and predictions of the
societal trend indicate that demands on environmental adaptation will increase.

Integration of environmental aspects into product development implies certain
“musts”:

• Causal relationships between products and impact on environment must be
considered.

• A product life-cycle approach must be applied in product development.
• Knowledge sources for information and knowledge transfer must be clear to

product developers.
• Product developers must handle new priorities and consider trade-offs between

different aspects.

These “musts” consequently imply changes in product development activities. On a
more abstract level, integration of environmental aspects may not differ from
integration of other new aspects. However, a clear picture of the demands and changes
that new aspects is required.

Integration of environmental aspects has been proposed as work involving change.
This means that a transition phase for product developers will take place, during
which time circumstances are different from both before and after the actual change.
An integration of environmental aspects requires actions that a regular environmental
adaptation of products will not, since new skills and habits has to be developed.

����(QYLURQPHQWDO�DFWLYLWLHV�DQG�DFWRUV

A comprehensive approach to both business development and material and energy
flows is crucial for the environmental adaptation of products to take place. An
approach involving several activities is recommended where product development
activities are given explicit focus. Analysis of environmental impact is a key action to
provide product developers with adequate information to make decisions and
selections. Use of support tools is to be preferred, assuming implementation is
accurately considered and the tools are carefully chosen.
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Environmental actors ought to be explicitly considered in relation to the development
of knowledge within the environmental area. Environmental actors must be identified
in the organisation, whether they are members of a core team or an extended team.
Product developers need skills or strong support from experts. Close collaboration
between experts and product developers is required. Environmental “champions” may
serve as agents of change and be highly effective in creating commitment as well as
finding and transferring adequate information. Identifying actors is closely related to
securing knowledge development.

����3URDFWLYH�PHDVXUHV

External and internal driving forces perceived in an organisation are basic conditions
for integrating environmental aspects into product development. Being proactive
rather than reactive with regard to external driving forces is important in an ever-
increasing competitive environment. Continuous monitoring of pending legislation
and possible customer demand constitutes a proactive approach. Also, internal driving
forces are important in performing durable changes. Creating a positive attitude
promotes an acceptance of changes performed in the organisation.

Assuming driving forces exist for the environmental adaptation of products, the
proactive measures identified support an efficient integration of environmental
aspects. These actions are strongly related and dependent on each other, forming a
base for change, as illustrated in Figure 10. The paragraphs that follow highlight the
proactive measures. The illustration of the measures as an arrow indicates a time axis.
Prior identification of driving forces is fundamental to proactivity. To approach
integration of environmental aspects into product development a direction for the
company must be set, and a commitment among people must be created. To reach
integration of environmental aspects knowledge and skills must be developed and
work procedures adjusted. Tools can support these procedures.
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Figure 10 An illustration of the proactive measures recommended for integration of environmental
aspects. These measures push changes towards the environmental adaptation of products.
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������6HW�WKH�GLUHFWLRQ

Environmental issues must be comprehensively handled in the business and in the
organisation. This applies to the integration of environmental issues in the company’s
business development, and also to adopting a comprehensive view on activities and
actors. The physical business, such as material and energy flows, must also be
controlled comprehensively. It is management’s responsibility to set the direction and
magnitude of alterations in product development and to communicate this at all levels
within the organisation. Consistent management behaviour is required, which
includes:

• Goal setting – Define, spread and anchor goals that are clear, concrete, realistic
and common.

• Resource allocation – Secure adequate resources in time and people.
• Follow-up – Ask for progress, follow-up on results and give feedback.

The procedure constituted by these actions should preferably be carried out cyclically.

������&UHDWH�LQGLYLGXDO�FRPPLWPHQW

People affected by the changes performed in order to integrate environmental aspects
ought to be included in the work on change. Individual influence on what and how
changes are performed could greatly improve the chances of reaching a durable
change, and thus increase the rational use of resources. Regarding environmental
issues, environmental champions can be identified, i.e. people personally committed
to the issues. Assigning these people to manage changes is an effective way of
spreading enthusiasm to environmental activities. People lacking personal commit-
ment must be motivated in other ways, and general education may be the necessary
measure.

If second-order changes are to be considered, greater attention must be paid to
individual behaviour, and the key factors for shaping and guiding behaviour on the
job (illustrated in Figure 8) must be considered. Lasting changes can be reached with
behavioural changes and changes related to peoples own values are more easily
reached.

������'HYHORSPHQW�RI�NQRZOHGJH�DQG�VNLOOV

More knowledge of and skills in environmental issues are needed in product
developing organisations in order to realise environmentally improved products.
Thus, knowledge development is required, and knowledge sources must be identified.

Internal knowledge sources are required and, during a transition phase, experts are
needed to support product developers. Experts and product developers need close
interaction, which means that experts should be both physically close and
organisationally proximal (in terms of authority) with regard to product development
issues.

The environmental skills of product developers will evolve through experiential
learning, assuming there is information input (collaboration with experts) and time for
analysis and conceptualisation. Education must be mixed with practical testing in
project work, and preferably also group discussions. Education sessions must be
customised to the knowledge level and work activities of product developers.
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������$GMXVW�ZRUN�SURFHGXUH

Environmental issues ought to be included in formal processes, and impact analysis
ought to be incorporated into basic data for decision-making. Environmental demands
should be formulated and environmental issues should be clarified at review gates,
presupposing that priority is given.

During a transition phase, explicit gate phase planning could be beneficial and may
also require performance of an “environmental audit”.

The product development organisation must be developed to ensure the interaction
required between experts and product developers.

������$SSO\�VXSSRUW�WRROV

Support tools are an advantage, assuming certain properties are assured and
implementation of them is carefully considered (using implementation framework and
implementation keys for guidance). Use of resources has to be placed in relation to the
benefit of the tool. The level of usage and users also has to be considered; a high level
of usage and routine use in product development teams need greater implementation
efforts.

Tools can be beneficial in reaching initial success, but will never compensate for a
conscious integration strategy, including interaction between management and
product developers, knowledge development and an adjusted work procedure.

����*HQHUDOLVDWLRQ

Performing Qualitative Research Interviews results in limited opportunities for
generalisation. Results can be unique to individuals, projects and companies. Nor is it
the intention of this thesis to define the results as generalisable even to large Swedish
manufacturing companies (research field) or for integration of any new aspect into
product development. The contribution for companies within the research field, and
also outside this field, lies in the benefit of learning what other companies are doing,
what is good and bad, and what possibilities there are for comparing results and
adapting them to their own business.

During the research studies performed there was a continuous dialogue between the
author and participating companies, other companies and researchers. The importance
of the research questions has been confirmed repeatedly. The results have been tested
and received with interest. The relevance of the studies is confirmed.
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����&RQWULEXWLRQ�FRQFHUQLQJ�WKHVLV�UHVXOWV

The research studies performed contribute empirical data on and analysis of industrial
approaches to the environmental adaptation of products. Analysis and synthesis
provide descriptions of and recommendations on how to integrate environmental
aspects into product development. Actions needed to achieve integration of
environmental aspects into product development are identified and discussed, and are
defined as proactive measures.

In increasing the knowledge base concerning how to integrate environmental aspects
into product development, support tools have been investigated. This may contribute
practical information on the management of first-order planned changes via the
implementation framework and keys identified.

Conclusions on issues of sustainability and efficiency are important in a general
discussion on altering product development towards societally sustainable
development and maintaining competitiveness of companies.

����&RQWULEXWLRQ�FRQFHUQLQJ�UHVHDUFK�PHWKRGRORJ\

The research method used in this thesis is not frequently used in engineering
disciplines. A contribution to the discussion of adequate research methods is given in
this thesis. By raising multi-dimensional questions that can not be answered with the
research methods normally used in engineering, the importance of performing cross-
disciplinary research is stressed.

����$UHDV�RI�IXWXUH�UHVHDUFK

In the last appended paper of this thesis, a rather broad approach is taken to the
integration of environmental aspects, based on the previously performed studies. This
concludes with the identification of several proactive measures that are important for
integration of environmental aspects into product development. In future research a
narrower approach is recommended – one that has the aim of detailing industrial
guidelines across a comprehensive area. The following paragraphs suggest interesting
research issues within the area of measures identified in this thesis.

• A lack of empirical data is recognised in management actions, which indicates that
research is needed on how practically to anchor changes required at all levels in an
organisation. Another important issue in this respect is how to improve
communication of goals and improve feedback from management to product
developers.

• If a second-order change in industrial product development is to be performed,
individual behaviour must be investigated further within the frames of
environmental adaptation of products. Interaction between personal responsibility,
societal development and company activities is an important issue in relation to
behaviour on the job.
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• The development of skills in environmental issues is identified as a proactive
measure. Further investigations into how to embody “environmental learning” in
organisational learning could be part of research aimed at increasing industrial
competition.

• Work procedures are a key area in the performance of efficient product
development. Work procedures need to be adjusted also to concern environmental
issues, although no extensive changes are required. It is most important for the
future development of theoretical models of product development to include
components of continuous improvements, to make models support flexibility.

• Support tools are aids to performing product development and integrating new
aspects. How flexibly to apply different environmental support tools should be
further investigated in the context of efficient implementation of support tools.

A further spreading of the results is needed in order to validate current findings and to
identify additional research questions.

Research on how to integrate environmental aspects into product development could
be further improved by an extension of research methods used. Data collection from
various sources is needed in order both to broaden the issues and to acquire
knowledge in detail. Case studies and action research should be considered for future
research.
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