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ABSTRACT
In order to stay in business in the long term, companies need to develop
more sustainable products. This creates a demand for ways to influence
product sustainability at the early stages in product development. This has
been studied through literature surveys and action research carried out within
a materials development project, with the aim of developing wood-based
materials to replace petroleum-based materials while ensuring a more
sustainable final product.
An analysis of available sustainability impact assessment tools relevant for the
material development project showed a lack of ready-made assessment
parameters for comparing different types of limited resources, like petroleum,
land area and water, and that approaches to establishing relevant sets of
assessment parameters that provide for the specific circumstances of a project
are missing.
A team-learning process for establishing a case-specific set of product
sustainability assessment parameters was developed. The set of parameters is
intended to guide through the product development process as well as be a
basis for a sustainability comparison of a new product with a current product.
The process emphasises that in order to develop more sustainable products,
the team working with material or product development must be aware of
which surrounding world and future-oriented factors that may have
significant impacts on the specific product’s sustainability performance. The
process suggests that a relevant set of parameters needs to be developed and
then translated and integrated into each team member’s everyday work.
Various activities were performed within the project to provide input to the
development of the process as well as to provide input to the assessment
itself. Experiences from such activities emphasise the challenges involved in
interacting with the development team, e.g., in terms of motivating the team
and providing meaningful information to the team.
Keywords: Sustainability assessment, material development, product, team learning

i

ii

LIST OF INCLUDED PUBLICATIONS
Paper I
”Changing from petroleum to wood-based materials: critical review of how
product sustainability characteristics can be assessed and compared”
Gunilla Clancy, Morgan Fröling and Magdalena Svanström
Published in Journal of Cleaner Production 39 (2013) 372-385

Paper II
“Insights from guiding material development for more sustainable product”
Gunilla Clancy, Morgan Fröling and Magdalena Svanström
Submitted for publication

Paper III
“Environmental challenges when developing renewable materials to replace
non-renewable materials - guidance from LCA studies”
Gunilla Clancy, Morgan Fröling, Gregory Peters and Magdalena Svanström
In proceedings of 9th International conference on EcoBalance ‘Towards & Beyond
2020’, 9-12 November 2010, Tokyo, Japan

iii

LIST OF RELEVANT INTERNATIONAL
CONFERENCE CONTRIBUTIONS
A. “Sustainability considerations in early phases of product development:
The wood-based diaper” Gunilla Clancy, Magdalena Svanström,
Morgan Fröling, Ellen Riise and Elisabeth Carlsson. Oral presentation.
Extended abstract in proceedings of SETAC Europe: 19th Annual
Meeting ‘Protecting ecosystem health: facing the challenge of a globally changing
environment’, 31 May 31- 4 June 2009, Göteborg, Sweden
B. “Comparing the sustainability of using a non-renewable oil-based
material in an absorbent hygiene product with that of using a renewable
wood-based material” Gunilla Clancy, Magdalena Svanström, Morgan
Fröling, Ellen Riise and Elisabeth Carlsson. Poster presentation at the
Eforwood conference 'Shape your sustainability tools - and let your tools shape
you', 23-24 September 2009, Uppsala, Sweden
C. “The ageing society: An example of consequences for biomass use”
Gunilla Clancy, Morgan Fröling and Magdalena Svanström. Oral
presentation at the MFA-ConAccount Meeting ’MFA for Sustainable
Future’, 7-9 November 2010, Tokyo, Japan. Conference abstract
corresponds to Appendix A in this thesis.
D. “Environmental challenges when developing renewable materials to
replace non-renewable materials: Guidance from LCA studies” Gunilla
Clancy, Morgan Fröling, Gregory Peters and Magdalena Svanström.
Oral presentation at the biennial conference EcoBalance ‘Towards &
Beyond 2020’, 9-12 November 2010, Tokyo, Japan. Conference paper is
attached as Paper III in this thesis.
E. “The ageing society: An example of consequences for biomass use for
incontinence diapers in Europe” Gunilla Clancy, Morgan Fröling and
Magdalena Svanström. Poster presentation at the AGS Annual Meeting
'Sustainability and Change', 23-25 January 2011 at Chalmers, Göteborg,
Sweden
F. “Approach to establish relevant sustainability assessment parameters in
product development” Gunilla Clancy, Morgan Fröling and Magdalena
Svanström. Poster presentation at the 6th ISIE Conference 'Science,
Systems and Sustainability', 7-10 June 2011, Berkeley, San Francisco, USA
iv

ACKNOWLEDGEMENTS
As part of the material development project, I was fortune to have colleagues
with knowledge and experience from a number of disciplines. I would like to
express my gratitude to all of them for giving me new perspectives on my
research, especially to my supervisor Magdalena Svanström and co-supervisor
Morgan Fröling.
Magdalena and Morgan have enormous patience; they complemented each
other and offered me brilliant feedback. Magdalena is remarkable when it
comes to structure and details and Morgan sees results and opportunities in
everything.
Thank you, Professor Emeritus Roland Clift and Professor Anne-Marie
Tillman, my external reviewers, for valuable comments on an earlier version
of the thesis.
In my everyday work, the rest of the staff at Chemical Environmental Science
and Forest Products and Chemical Engineering were of great importance for
creating a great atmosphere at work and expanding my knowledge on a wide
variety of subjects. Special thanks to my roommate Tuve – the working days
would’ve been dull without you.
Finally, I want to thank my family Denis, Fiona, Sonia, Seán and Sigsten for
being there.
Göteborg, Sweden 2012
Gunilla Clancy

v

vi

TABLE OF CONTENTS
1.

INTRODUCTION ...............................................................................................1

1.1 Aim of the thesis ......................................................................................... 1
1.2 Research design ........................................................................................... 2
1.3 Guide to readers .......................................................................................... 3
2. SELECTED RESULTS FROM LITERATURE STUDIES ON
SUSTAINABILITY ASSESSMENT IN PRODUCT DEVELOPMENT ...........6

2.1 Describing sustainable development........................................................ 6
2.2 Assessing product impact on sustainability............................................. 8
2.3 Aspects and parameters describing product sustainability ................... 9
2.4 Specific aspects of the use of wood resources ..................................... 12
2.5 Product development stages ................................................................... 13
2.6 Efforts to integrate sustainability considerations into product
development..................................................................................................... 15
2.7 Team learning for guiding in product development ............................ 20
3. TEAM-LEARNING PROCESS FOR GUIDING PRODUCT
DEVELOPMENT TOWARDS A MORE SUSTAINABLE PRODUCT ....... 22

3.1 Points of departure ................................................................................... 22
3.2 Suggested process ..................................................................................... 23
4. EXPERIENCES FROM APPLYING ELEMENTS OF THE TEAM
LEARNING PROCESS.............................................................................................. 27

4.1 Defining long-term goal and determining scope.................................. 27
4.2 Establishing sets of product sustainability assessment parameters ... 30
4.3 Assessing holistic product sustainability................................................ 33
4.4 Common issues in research and development projects of materials
and products .................................................................................................... 35

vii

5.

CONCLUSIONS ................................................................................................ 36

6.

RECOMMENDATIONS FOR FURTHER RESEARCH ........................ 37

7.

REFERENCES ................................................................................................... 38

viii

1. INTRODUCTION
Our planet has limitations, as can be seen from, e.g., discussions on the
ecological footprint, in which the pressure that human demands put on the
biosphere is measured in the number of planets required to regenerate the
consumed resources and assimilate the waste generated followed a given
lifestyle (WWF 2011), or in discussions of planetary boundaries (Rockström
et al. 2009). The demand for the planet’s resources is increasing due to
economic growth and population growth, combined with intensive use of
energy and materials. To continue using our planet’s resources in the long
term requires restrictions on resource use but also restrictions on pollution to
prevent harm to ecosystem services that are needed for resource regrowth
(MEA 2005). As pollution can travel far, these are global issues and in order
to manage these in an equitable way, global political incentives and global
cooperation are needed. Since resources are needed for most products, global
activities have an impact on the life cycles of products and need to be
considered in material and product development.
Global activities are part of ‘Sustainable development’, which is a term used in
many different situations, in politics, in business strategies, in advertising and
in other discussions. When hearing all these politicians, scientists and
company leaders talk about sustainability, it is tempting to believe that
sustainable development is a well-defined and established plan for a future
sustainable society that everyone agrees on and is striving to implement. Yet,
sustainable development is far from a clearly described concept.
Companies, thus, need tools to describe sustainable development in relation
to their own businesses and to formulate and integrate long-term strategies
and visions for sustainability. These strategies for reducing negative
sustainability impacts of a company and their products should preferably also
aim at the product development stage since many of the sustainability
burdens of a product are determined through choices that are made at this
stage, and at this stage, the cost of change is comparatively low (Ramani et al.
2010).

1.1 Aim of the thesis
The aim of the research presented in this licentiate thesis is to suggest an
approach for establishing relevant sustainability parameters and to point out
specific challenges in assessing sustainability when changing from petroleum1

to wood-based materials in an adult incontinence product. The set of
identified parameters is aimed at guiding the development of materials
intended for the product as well as being a basis for a sustainability
comparison of the new product with a reference. The research question is:
How can product sustainability assessment be performed in material development towards a
more sustainable adult incontinence product?
This research was carried out within a material development project. The
project is a research collaboration between two companies and Chalmers
University of Technology and was funded by Vinnova and the two
companies. The writing of this thesis summary and Paper II was, however,
funded by Chalmers University of Technology. The research collaboration
has a specific focus on developing wood-based materials that could
potentially replace non-renewable materials in an adult incontinence product,
while ensuring that the new product is also more sustainable than the
reference product. Six different sub projects focus on areas such as forming
networks of fibres with tailored properties, characterisation of the networks,
and designing the production process. This research was part of the sub
project that focused on assessing the sustainability of the life-cycle of the
adult incontinence products and guiding the material development process
towards a more sustainable final product. The material development team
consisted of graduate students, their supervisors and senior researchers from
the two companies.

1.2 Research design
Before approaching the overall goal of assessing the sustainability of an adult
incontinence product, some issues needed to be clarified or studied further.
This was done mainly through literature studies. First, a description of what is
meant by ‘sustainable product’ was needed. Second, how to handle
sustainability assessment early in product development needed to be studied
and decided on, and third, how product sustainability is assessed today
needed to be reviewed with a specific focus on the assessment and
comparison of the use of petroleum and wood resources.
Apart from literature surveys, action research was applied in the project in
order to provide input on opportunities and difficulties in guiding product
development towards a more sustainable product. Action research means that
the researcher takes part in a project and tries to change or improve
something in the on-going project (in this case guiding towards sustainability)
and at the same time observes what is achieved and the outcome. Action
2

research involves utilising a systematic cyclical method of planning, taking
action, observing, evaluating (including self-evaluation) and critical reflection
prior to planning the next cycle (Wadsworth 1998).

1.3 Guide to readers
This summary of the thesis includes overviews of Papers I to III, listed in the
beginning of the thesis and printed in full after this thesis summary, and
additional relevant literature, analyses and experiences from work in the
research project.
Chapter 2 gives a summary of (1) what sustainable development implies based
on descriptions in literature, (2) how products' sustainability is assessed today,
(3) sustainability considerations in wood resource use, and (4) examples of
efforts to integrate sustainability into product development. During the
research, three often unstated points of departure in assessing sustainability in
product development became explicit; these are presented in Chapter 3.1.
Based on the gained understanding from literature surveys and work in the
project, a sustainability assessment method was developed that utilises a teamlearning approach with the aim of achieving a greater awareness in the team
of important sustainability aspects in the specific material or product
development project. This approach is presented in Chapter 3.2. Experiences
from using elements of the approach in the material development project are
described in Chapter 4. Conclusions are presented in Chapter 5. The acquired
knowledge and experiences provide the basis for the recommendations for
future research presented in Chapter 6.
The scopes of the appended papers and their relation to each other and this
thesis are illustrated in Figure 1. In order to get external feedback on the
research, it has, on a number of occasions, been presented at international
scientific conferences. A list of such conference contributions (A to F) is
listed in the beginning of this thesis, and referred to in this thesis summary
when relevant.
A literature survey was carried out on sustainability assessment tools used
today with emphasis on assessment parameters for comparing petroleum and
wood as material resources. This survey was contrasted with the needs in the
project, and the existing gap in knowledge was evaluated and further steps
that needed to be taken were identified. Results from this part of the research
work are presented in Paper I and in conference contribution B. Additionally,
a list of sustainability aspects and parameters found in literature that are
relevant to the project was compiled and is attached in Appendix B.
3

Figure 1. This licentiate thesis discusses the guiding of development of wood-based

materials towards more sustainable products. The research has been carried out through a
number of smaller studies on assessing sustainability and on guiding development.
To gain a deeper understanding of the requirements and barriers in guiding
product development towards a more sustainable product, experiences from
work performed in the project were analysed and complemented with a new
literature survey. The work resulted in a team-learning process for establishing
sets of relevant product sustainability parameters, as described in Paper II and
in conference contribution F. An early version of the process is described in
conference contribution A.
In one of the efforts to guide development within the project, a Life Cycle
Assessment (LCA) approach was applied to visualise the environmental
challenges in early phases of the material development work. This effort is
presented in Paper III, and in conference contribution D. Another effort with
4

the goal of visualising challenges in material development was a calculation of
biomass need and thereby forest area need for adult incontinence products in
Europe from 2010 to 2050. This effort is presented in Appendix A and in
conference contributions C and E.

5

2. SELECTED RESULTS FROM LITERATURE
STUDIES ON SUSTAINABILITY ASSESSMENT
IN PRODUCT DEVELOPMENT
This section provides an overview of relevant literature and discusses selected
literature survey results in connection to the research project. For a review of
the assessment of the sustainability of petroleum- and wood-based materials,
see Paper I.

2.1 Describing sustainable development
There is general agreement in society on the need to move towards a more
sustainable society. However, how this is to be done and what the more
detailed goals should be is viewed differently. Furthermore, depending on the
specific situation, different sustainability aspects may be more or less urgent
or important to consider. The most common description of sustainable
development is the one from the World Commission on Environment and
Development, often called the Brundtland definition:
Humanity has the ability to make development sustainable – to ensure
that it meets the needs of the present without compromising the ability of
future generations to meet their needs. (WCED 1987)
This definition is very general and thereby it is a concept that everyone can
agree on. However, what sustainable development means in practice, as for a
specific product, cannot be described in generic terms (Kates et al. 2005,
Mitchell et al. 1995). Consequently, the essence of the definition needs to be
applied in making case-specific descriptions of sustainability.

Human needs

The Brundtland Commission's definition of sustainable development states
that human needs of present and future generations must be fulfilled.
Therefore, one question that must be addressed when defining what is a more
sustainable product is how to describe “human needs”. The Chilean
economist Manfred Max-Neef has identified nine fundamental human needs
(Max-Neef 1989): subsistence, protection, affection, understanding,
participation, leisure, creation, identity and freedom. Max-Neef states that
these needs are the same for all people regardless of generation, gender,
education, religion or geographical location and that these fundamental
human needs cannot be substituted for one another; a lack of any of these
6

represents a poverty of some kind. There is, however, one need that is
absolutely vital for survival, the minimal amount of nutrition and water that a
person needs, termed subsistence. Max-Neef states that what differs between
cultural contexts is how such basic needs are satisfied and not the needs as
such. This model, that describes nine fundamental human needs, can be
useful in defining a 'sustainable product', i.e., in considering the relation
between the fulfilment of human needs and the function of the product and
other social impacts throughout the product's life cycle. Other models or
descriptions of human needs exist, for example, in the well-known theories by
Maslow (Maslow 1943) or the more recent model used in the Millennium
Ecosystem Assessment (MEA 2005). Human needs are also central in related
concepts, like Quality of Life (Costanza et al. 2007). In this project, the
impact of the product on the stakeholders’ quality of life is of interest.
Examples of stakeholders are the user, the carer, the developer, the material
producer, the product manufacturer, the seller, the purchaser, the media, the
government and the forest owner. Quality of life considerations vary
depending on the stakeholder. For the material producer, it could be about
impacts on safety and health, for developers, it could be the competence
development of co-workers, and for users it could be satisfactory product
function.

Long-term considerations

The Brundtland definition of sustainable development is based on the
principle of intergenerational equity and thereby requests that the ability of
future generations to meet their needs is considered. For product
development, this implies that companies need to have a long-term strategy in
order to avoid moving in an unwanted direction and to avoid creating lock-in
effects in unsustainable systems by investing in development and assets that
they ultimately need to shift away from (Hoffrén & Apajalahti 2009, Westley
et al. 2011). An important feature of any product, therefore, is that it has the
potential to fit into a sustainable society, or at least be a bridging solution that
can assist in a move in the desired direction. A long-term perspective is
needed in which not only today's major challenges are included but also
potential upcoming future challenges. Such challenges can be estimated by
identifying unsustainable trends in, for example, consumption and the
availability of resources and by attempting to anticipate critical incidents that
may alter the situation. As a basis in such an analysis, the four universal and
time-neutral sustainability principles proposed by John Holmberg and KarlHenrik Robèrt around 1990 can be used (Holmberg 1998). The principles
have been worded differently but nevertheless have the same basic meaning.
Here follows one of the first versions.
7

In order for a society to be sustainable, nature’s functions and diversity are
not systematically:
1) subjected to increasing concentrations of substances extracted from
Earth’s crust;
2) subjected to increasing concentrations of substances produced by
society;
3) impoverished by over-harvesting or other forms of ecosystem
manipulation and
4) resources are used fairly and efficiently in order to meet basic human
needs worldwide
Companies, to a greater extent than today, need to define their visions and
strategies with a long-term perspective in mind and communicate the
strategies to their product developers in order to manoeuvre company
activities through issues like anticipated resource and policy restrictions
(Baumann et al. 2002). Strategic companies can turn this into market
advantages. However, technology development is often very costly, especially
in the initial phase and, therefore, many companies do not have the means to
be too far ahead of others since the cost for, e.g., developing materials for
new product areas is high. On the other hand, to lag behind in development
might result in unsellable products and penalties that can become very costly
for a company. Companies need to balance their development in suitable
ways according to their circumstances, like company size, available
cooperation and type of product. One decision a company needs to take is if
repair, so called end of pipe solutions, and refine, i.e., improvements in
products and processes, are sufficient or if redesign or even rethink is also
needed to remain in operation in the long-term.

2.2 Assessing product impact on sustainability
A practical philosopher, Munthe, in a report to the Swedish Agricultural
Administration (Munthe 1997), lists three questions that should be answered
before any assessment in order to assure transparency and to avoid influences
from expected or wanted results:
• What should be included in a concern?
• How should any trade-offs between concerns be made?
• How should uncertainty in necessary information be handled?
Since the same type of questions have also been highlighted for comparing
products (Steen 2006), they are most likely useful as a basis for any product
8

assessment. The three questions can be formulated in the following way for
this project: 1. What sustainability characteristics are essential to consider in
the product assessment, taking into account the specifics of the product
systems under study and the challenges that emerge in light of sustainable
development, i.e., which assessment parameters are the most relevant? 2.
How should potential trade-offs between these sustainability concerns be
made when the compared sustainability profiles have peaks in different areas?
and 3. How should uncertainties in the product sustainability assessment be
dealt with in terms of, for example, unknown characteristics of the developing
product system and of future society?
A diverse number of tools that can assess different attributes of product
sustainability for parts of or whole product life cycles exist, like LCA (Life
Cycle Assessment), Ecological footprint and SocioEcoEfficiency Analysis
(SEEbalance). Paper I contains a summary table of elements found in
different methods that can be of use in a product sustainability assessment
throughout the material development in a project. The table shows that there
are different methods available but that these methods are normally only
suitable for comparing similar types of products or similar sets of impacts.
There is a lack of frameworks for dealing with sustainability impacts that are
fundamentally different in character. One example is the comparison of using
renewable and non-renewable resources, which none of the methods can
handle satisfactorily. The methods mainly rely on quantitative data, thus,
preferably assessing existing products with defined product systems. Since
product sustainability assessment parameters need to be selected on a case-tocase basis, a ‘method’ for sustainability assessment must include an approach
for how to establish assessment parameters for each specific case and their
relative weights. Consequently, the project in this research has no ready-touse assessment tool.

2.3 Aspects and parameters describing product sustainability
As discussed earlier, sustainability aspects and parameters need to be selected
based on the circumstances in each specific case, and be aligned to the casespecific description of sustainability. Otherwise, aspects selected might be
counterproductive, for example, might miss product functionality, go against
strategies in industry/government or steer towards desired, often short-term,
results and thereby probably miss opportunities for the product to be
competitive in the future. However, a list of suggested assessment parameters
can be useful, but may give the false impression that the list is appropriate.
None of the described methods provide guidance on how parameters should
9

be selected and, when needed, developed. For some areas, for example the
utilisation of non-renewable and renewable resources, there is a lack of
assessment parameters that sufficiently describe current concerns. There is a
particular lack of parameters that describe the competition for renewable
resources; for example, how an increase in renewable resources for energy
interacts with food and material production.
For the needs of this research project, there is a lack of parameters that
describe potentially important sustainability considerations in a comparison of
the use of wood or petroleum as the raw material in the product. Such
considerations would include social impact, impacts on ecosystem services,
such as biodiversity and competition for different types of limited resources
like petroleum, land area and water, see Paper I.
In this research, sustainability ‘aspect’ is the term used to describe a concern
that may have an impact on product sustainability, such as depletion of nonrenewable petroleum resources, or impact on culture and recreation. The
term ‘aspect’ is also used in ISO standards, for instance, in ‘Environmental
management: Integrating environmental aspects into product design and
development’ (ISO/TR 14062 2002), and in Environmental management:
Vocabulary, ‘Environmental aspect’ is defined as an element of an
organization’s activities, products or services that can interact with the
environment (ISO 14050 2009). Others, e.g., the patent ‘Product sustainability
assessment’ (Warther & Rebitzer 2008), uses the term ‘criterion’ instead of
‘aspect’ for similar things. One reason why ‘aspect’ is chosen instead of
‘criterion’ is that the incontinence product dealt with in the project is
purchased via procurement, and in procurement, ‘criterion’ is used in another
context, namely as the level of each aspect that is required. For examples of
sustainability aspects, see Figure 2 and Paper I. An aspect can be described by
several ‘parameters’, a ‘set of parameters’. It is believed that one parameter is
not enough, but rather a set of parameters is needed to describe an aspect.

10

Figure 2. Examples of sustainability aspects discussed in literature. The figure was part of
conference contribution B.

When looking for relevant sustainability parameters in literature, a list
containing 40 sustainability aspects and 500 sustainability parameters was
compiled, see Appendix B. The list also shows references to literature
discussing each sustainability parameter and, if applicable, case studies
applying the sustainability parameter. The list shows that there are few case
studies that have applied the different suggested sustainability parameters.
None of the sustainability parameters can by themselves describe the
complete sustainability performance of a product, but they can all provide
input to a sustainability assessment.
There are many challenges to selecting or developing appropriate parameters
for an assessment. Many ecological and social sustainability aspects exhibit
non-linear behaviour, and are non-substitutable and/or impossible to
translate into the same types of units. Losses, e.g., in terms of biodiversity and
cultural diversity, can be irreversible. Furthermore, several natural resources
are multi-functional, e.g., forests can provide both raw material for human
society and shelter to animals, absorb CO2, and regulate the flow of rain
water.
To avoid missing important sustainability considerations when reducing the
description of product sustainability down to relevant product assessment
parameters, a holistic and future-oriented perspective is needed. However,
today, a holistic and future-oriented perspective is only rarely applied by
scientists. Instead, the mindset is rather reductionist, reducing the wholeness
to individual parts and bits to make them understandable. The notion is that
11

parts explain the whole, and that objectivity is an accepted given truth of well
performed scientific work. Bell describes this thinking as follows:
A reductionist approach rejects ideas about the reality and importance of
unscientific aspects of life (hunches, guess-work, instincts for rightness and
even, in certain circumstances, illogical activity – i.e. activity which is not
consistent with narrow definitions of efficiency). The universe is seen
through empiricism as fixed, knowable, measurable and therefore,
predictable. (Bell 1996)
Based on the awareness that reductionist thinking is widespread, Bakshi and
Fiksel conclude that achieving sustainability requires engineers that are trained
to adopt a holistic view of processes and to recognise that they are embedded
in larger systems (Bakshi & Fiksel 2003).

2.4 Specific aspects of the use of wood resources
Three areas that are raised in literature as major issues concerning the
sustainability of the use of wood resources, and that have also been
highlighted by the companies in the projects are biodiversity, impacts of land
use and occupied land area.
The difficulties in finding practical ways to measure such a complex concept
as biodiversity have led to approaches for measuring species richness, which
is the number of certain species represented in a monitored area, e.g., the
number of vascular plant species found in an inventory plot. This is applied
although species richness does not capture much of the essence of
biodiversity. In fact, numerous studies show that there is no correlation
between species richness in one taxonomic group and species richness in
other groups (Bonn & Gaston 2005, Grenyer et al. 2006, Orme et al. 2005).
Biodiversity is a concept with a wide content. The Convention on Biological
Diversity states that:
“Biological diversity” means the variability among living organisms from
all sources including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part: this includes
diversity within species, between species and of ecosystems. (UNEP 1992)
How to measure biodiversity, or which species to protect and why, is not
agreed on and seldom discussed. Furthermore, no one knows the exact rate at
which species become extinct owing to actions by human beings. The
estimates vary (MEA 2005), but all seem to agree that it is a matter of
enormous proportions. And Rockström et al. highlights the rate of
12

biodiversity loss as a planet boundary that humanity clearly and strongly has
transgressed (Rockström et al. 2009). For most people, this is a depressing
insight and many people seem to agree that to knowingly cause or
significantly contribute to the extinction of entire species is bad and even
morally wrong (Persson 2008). Therefore, it is rational to rule in favour of
preservation also when the value of the species is uncertain. One appropriate
way to act to preserve biodiversity and avoid the extinction of species is to
prevent eliminating habitats (Sala et al. 2000). For forests, this would result in
more area set aside for the protection of biodiversity. In this research project,
compliance to forest certifications such as FSC (Forest Stewardship Council)
and PEFC (Programme for the Endorsement of Forest Certification) could
possibly be feasible as an acceptable level of responsible biodiversity
protection, or at least a feasible way to manage this responsibility in the
product sustainability assessment.
Direct land-use change, for example the conversion of non-agricultural land
to agricultural land, as a consequence of increased production of agricultural
products, will typically decrease the carbon storage capacity of the soil. If the
biological feedstock is instead produced on degraded soil, with low original
carbon storage capacity, it can potentially contribute to an improvement of
the soil carbon storage capacity. Indirect land-use change refers to land-use
change induced in other areas. For example, if agricultural land is displaced
for forestry and triggers the agriculture to move to pastureland, then the
indirect land use change refers to the sustainability impact of agriculture on
the pastureland. This research project involves only Nordic forest area. If the
demand for wood resources for fibre would increases as a result of the
considered product, then the share of wood going to fibre production, or the
wood harvesting, must also increase, which may lead to direct and indirect
land use change.
Land use should not be mixed up with the occupation of the limited resource
land area, sometimes referred to as land area occupation. An estimation of
land area needed for adult incontinence products for the ageing population in
Europe is presented in Chapter 4. It highlights the increasing competition for
wood resources.

2.5 Product development stages
Product development starts with an idea and, if successful, ends with a
product on the market. An illustration of different development stages that
can be discerned for products is presented in Table 1. In the early phases of
13

product development (the left-hand side of the table), it is not known for
example which resources or materials will be used, the amount needed, where
and how the materials and products will be produced or the potential
production volume. The degree of uncertainty in terms of product system and
the size of the market is high. In sustainability assessment, this provides a
challenge since many of the details needed for a thorough sustainability
evaluation are not available. At the same time, this provides an important
opportunity to influence the process towards a more sustainable final product
before all these potentially important choices have been made. Towards the
right-hand side, more is known about the product system and there are fewer
degrees of freedom for product development. Towards the left-hand side, the
need for and the usefulness of a more future-oriented approach as a guide
through sustainability considerations towards a vision of sustainability
increases.
Table 1. Overview of product development stages
Product
development
stage

Early
development

Development

Demonstration

Production

Upgrade

Situation

A first idea
of a new
material or
product
concept
exists

Product
concept
exists but
details are
not set

Material or
product is
available in
small
quantities

Material or
product
needs to be
renewed

Task

To develop
idea and
concept

To develop
towards
defined
properties

To scale-up
production
processes

Material or
product is
available on
the market,
the
production
process is
known
To optimize
production
processes

Time frame

Several
decades /
long-term

Years to
decade /
mediumterm

Months to
years /
short-term

Months to
years /
short-term
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To improve
material or
product for
example by
optimisation
or
replacement
of part or
process
Months to
years /
short-term

How to integrate sustainability concerns into several different stages of
product development has been studied and reported in doctoral theses by
Lundqvist (Lundqvist 2000) and Hallstedt (Hallstedt 2008). Both identify the
visualization of a sustainable society, the future playing field for the product,
as a key feature in any framework or approach to strategic actions for
sustainable development. Thus, an approach that guides product development
projects should include ways of creating visions of future sustainable societies.

2.6 Efforts to integrate sustainability considerations into product
development
As discussed by for example Charter and Chick in 1997, environmental
problems caused by industry have traditionally been addressed by end-of-pipe
or repair strategies that minimize environmental impacts. In the long run, this
often turns out to be costly and inefficient because it does not provide
solutions to the problem from a systems perspective (Waage 2007).
A number of concepts and tools, like Ecodesign, Cleaner Production and Life
Cycle Assessment (LCA) have been developed to make it possible to integrate
environmental or sustainability aspects into different stages of product
development (Karlsson & Luttropp 2006). These are generally constructed in
such a way that they may result in the environmental improvement of existing
products and consequently they focus primarily on the optimisation of the
current product system, e.g., on replacing parts or processes representing
large environmental impacts based on the industrial processes currently in
use. Such approaches normally result only in marginal improvements
compared to the present situation and cannot fully take advantage of truly
innovative ideas that are based on completely different solutions. Since a
more sustainable future society might put very different demands on products
compared to the strictest environmental requirements of today, sustainable
product development must be future-oriented, i.e., based on a vision of longterm sustainability and on an understanding of what challenges this poses to
the product system that is being developed. This difference in focus, on either
optimisation or future-orientation, has been discussed by Van Weenen in
relation to sustainable product development (Van Weenen 1997). He argues
that future-orientation requires that the project team has both a holistic
perspective and a life cycle perspective in their considerations.
Tools or frameworks that have been created to provide guidance, informed
by more long-term considerations, include the twelve principles of green
chemistry developed by Paul Anastas and John Warner (Anastas & Warner
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1998), which are particularly relevant in planning synthesis routes for
chemicals, typically part of the early development or the development stage in
Table 1.
Several approaches are based on applying the four principles for sustainability
developed by Robèrt and Holmberg (Holmberg 1998) in four steps in a
backcasting procedure in strategic planning towards sustainability (Holmberg
& Robèrt 2000):
A. Defining criteria for sustainability
B. Describing the current situation in relation to the criteria for
sustainability
C. Envisaging and discussing the future
D. Finding strategies for sustainability
One such approach aims to develop and test the robustness of a business idea
(Lundqvist et al. 2006), but its use in a product development team has not
been described. Another approach has taken this step further and has
developed guiding questions to promote a holistic perspective in product
development (Byggeth et al. 2007). As a complement to the guiding questions,
and to provide an overview of major sustainability challenges and
opportunities early on for the management and the product development
team, templates for sustainable product development have been proposed
(Ny et al. 2008). It can be argued that both of these approaches will always
require a facilitator to develop and/or choose the guiding questions since the
background is not known or understood by the product development team
members themselves. Consequently, the desired understanding needed for the
material or product developers to continue making informed decisions for
more sustainable products can probably not be achieved.
Assessments are used to compare different product systems mainly in the
development, demonstration and production stages of product development
as they are described in Table 1. In assessments reported in literature, lists of
predetermined parameters often seem to be used without critical reflection on
their relevance in light of the specific situation (Bossel 2001, Niemeijer & de
Groot 2008), see Paper I. How and why certain sets of parameters are
selected is normally not described; they are often just referred to as the
‘selected’ or ‘chosen’ parameters, indicators or impact categories without
providing the basis for how the parameters together respond to the specific
challenges. Selections from premade lists can be useful provided that all
relevant areas are covered. In companies, simple tools listing “unsustainable”
versus “sustainable” materials, products and activities are often requested or
even labelling systems that guide in material choices. However, the advice
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provided by such lists and labelling systems depends on the underlying
description of sustainability. An environmental label is not a guarantee for a
more environmentally sustainable material or product than one without a
label since the labelling systems often only consider a few requirements and
do not have a holistic perspective. Furthermore, these requirements are
mainly based on current issues and might not point in a direction that is
sustainable in the long term (Bratt et al. 2011, Rex & Baumann 2007). It has
even been argued that present eco-labelling criteria might create barriers to
sustainable innovation (Bratt et al. 2011).
Products give rise to sustainability impacts not only when the product is
produced in the factory, but all the way from raw material extraction, via
material production and product manufacturing, to use and waste
management. To be able to make sustainability improvements and not only
shift the burden from one life cycle stage to another, products should be
considered in a 'life cycle perspective' (Rebitzer et al. 2004). Thus, the new
wood-based absorbing material that is developed within a material
development project will not only affect resource acquisition and material
production, but also the manufacture of the product and potentially also the
use of the product and its waste management options. An overview of the life
cycle stages included in the sustainability assessment in this material
development project is given in Figure 3.
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Figure 3. Overview of the life cycle stages included in the sustainability assessment of the adult
incontinence product. The material development project aims at developing new wood-based
materials that can replace some of the petroleum-based materials in the product. A version of this
figure is part of the conference contributions A and B.

Furthermore, the whole life cycle of products needs to be envisaged in order
to allow for relevant descriptions of sustainability. A description of a
'sustainable product' must be made in relation to the challenges that become
visible when looking at a whole product system in relation to its surrounding
world, which, to complicate this further, also changes over time, therefore
requiring the application of an appropriate time perspective. From this, it
follows that it is unwise to talk about 'sustainable materials' since the
sustainability of the materials will depend on the full life cycle of the products
in which they are eventually employed. Thus, the materials need to be put in a
context.
Several authors point out that integrating sustainability thinking (when
individuals reflect upon the sustainability impact of a product or activity in a
long-term, holistic and life cycle perspective) is not a matter of developing
more methods and tools or collecting more data, but rather an organisational
problem (Baumann et al. 2002, BSI 2004, CALCAS 2008, Charter & Clark
2008). Therefore, case studies, applying existing knowledge, methods and data
in real product development settings should be prioritised before additional
technical solutions are developed in order to find barriers for implementation.
18

In addition, it takes time to integrate a sustainability approach at, e.g., a
company as a new way of thinking and thereby working, and it can be useful
to view the integration process as a learning process for employees. This was
the general observation from a project for strategic planning towards
sustainability at three multinational Swedish companies (Alänge et al. 2007).
How to prepare an organization to work with sustainable development was
explored by Hardi and Zdan in 1997. They compiled the ten so-called
Bellagio principles from a review of practical efforts of measuring, monitoring
and assessing progress towards sustainability. The principles are general
guidelines for an assessment process, for example, choosing adequate scope
by adopting a holistic and long-term perspective when choosing and
designing assessment parameters. They emphasize that necessary elements for
successful sustainable innovation are: a guiding vision and goals, a holistic
perspective, broad participation, and continuous assessment. The
International Standard on Integrating environmental aspects into product design and
development also gives guidelines on what to consider in a product development
process and points out that product development is an iterative process in
which information exchange, dialogue and collaboration are important
features (ISO 14062 2002). Neither of these two documents, however,
provides any guidance to how to establish relevant product sustainability
assessment parameters in practice in a specific case of product development.
As a result of regulations that push for extended producer responsibility and
of customers’ increasing awareness of sustainability issues, most companies
use one or several systems for monitoring and influencing sustainability
impacts in different parts of their value chains, that is, when the product is on
the market (the Production stage in Table 1). Examples of such systems are
Environmental Management Systems (EMS) like ISO 14001; Corporate
Social Responsibility (CSR) like ISO 26000; green public procurement for
including environmental criteria in purchasing; and environmental labelling
for helping consumers make informed decisions. In all stages of product
development, one should be aware of these systems; however, the systems
mainly affect the later stages. In the case of this research project, the
development of criteria in green public procurement of incontinence
products could be interesting to follow and maybe even influence.
Environmental Impact Assessment (EIA) is a legal requirement for assessing
impacts that proposed projects may have on the environment, and are
applicable to the Demonstration stage in Table 1. The development team
should be aware of the EIA and its requirements throughout the
development process to avoid permit denials and possibly shorten process
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time. In relation to the research in this project, an EIA will likely be needed to
get a permit for the production facility of new material.

2.7 Team learning for guiding in product development
In order for a product development team to be able to make informed
decisions, it needs to be continuously informed about important sustainability
considerations and the potential effects of choices made. The importance of
team learning in guiding product development has been pointed out by
several authors (Edmondson & Nembhard 2009, Hardi & Zdan 1997,
ISO/TR 14062 2002). In this thesis summary team learning refers to the
process of working collectively to achieve common objectives in a group by
acquiring, sharing and combining knowledge through experience with one
another, as discussed in an article regarding a model for effective team
learning in organizations by Decuyper et al. in 2010.
The need for a team-learning approach was highlighted by results from field
studies at two large enterprises in the Swedish forest product industry, both
with more than ten years of experience with LCA work (Rex & Baumann
2006). The authors have concluded that the translation of life cycle thinking
into practical everyday work in each team is necessary for using LCA to
deliberately guide the development process. Many of the employees in the
field studies, including those who understood the life cycle concept, failed to
see any link between the life-cycle-thinking ambitions of the company and
their own everyday work. Therefore, it is vital to explore and communicate
how each individual can use life cycle thinking to improve the result of their
work in relation to company targets, for example, by translating such
considerations into assessment parameters that have practical meaning for
each team member.
Important demands on the surrounding organization arise when the goal is to
integrate sustainability considerations into the product development process
(Charter & Clark 2008). Two key factors, identified by Charter and Clark in
2008, are acceptance of the goal by managers on all levels, and employees'
motivation to learn and to change. The authors have emphasized the need to
identify the organization’s level of awareness and understanding of
sustainability issues since these will determine the type of approaches, the
training, and the communication that are needed. In a cooperation project
with several different types of organizations and cultures, this identification
and training will most likely require more time than when performed within a
single company. The project on Sustainability Integrated Guidelines for
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Management developed the SIGMA Guidelines in order to provide practical
advice to organizations in making contributions to sustainable development
(BSI 2004). The guidelines focus on how to cooperate across knowledge areas
and organizational boundaries in order to utilize knowledge that exists in
different parts of the organization. If there is no commitment from team
members to participate, such efforts most probably will fail (Mullen &
Copper 1994). One identified reason for weak commitment is that
conventional project set-ups often tend to limit learning and prohibit a longterm perspective by focusing on predefined outcomes and working on
delivering results for these expected outputs instead of reflecting on
outcomes and stimulating learning (Bell & Morse 2004, Bell & Morse 2007).
This creates a gap between the ambition of developing more sustainable
products and the delivery practice of conventional projects. Bell and Morse
(2007) described a conventional project as “defined activities carried out by defined
people with a defined end point in mind at a defined cost and over a defined period of time”
and a holistic project as the opposite.
Beer and Eisenstat (Beer & Eisenstat 2000) have found that there are often
hidden communication barriers to overcome when implementing strategies
and achieving learning and change within an organization. A lack of shared
understanding of project goals and of terms used in the project, like
renewable resource, waste and product sustainability, generally make projects
inefficient and create unnecessary tension and frustration (Decuyper et al.
2010). Open, vertical communication is important for overcoming such
barriers (Beer and Eisenstat, 2000). All levels in the organization need to be
engaged in an open dialogue about the organization’s vision in order to
acquire a shared understanding.
For this research project, and for similar situations, literature points towards
the importance of the project team accepting the goal and the working
procedure, and the creation of motivation for the team members to
participate in activities aimed at communication in order to facilitate learning.
In order to facilitate action for more sustainable final products the sets of
assessment parameters, developed from the case-specific description of
sustainability, need to be translated into something that has a practical
meaning for each team member in their everyday work. This is generally
omitted today although the product development team members are the ones
that largely affect the sustainability performance of the finished product.
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3. TEAM-LEARNING PROCESS FOR GUIDING
PRODUCT DEVELOPMENT TOWARDS A
MORE SUSTAINABLE PRODUCT
3.1 Points of departure
The suggested process builds on three fundamental points of departure that
are sometimes implicit in projects that aim at assessing product sustainability
in early product development but that are seldom clearly stated and,
therefore, often forgotten. The importance of making these explicit and
integrating them into the approach became clear after the initial literature
studies and after beginning to test different elements in the project. These
three points of departure are presented here.

Case specificity

Sustainability is a concept that can only be universally defined on an
overarching level and, thus, it needs to be interpreted and described for each
specific case or product. Sustainability depends on the management of
materials or products during their entire life cycles rather than on certain
characteristics of materials or products (Ny et al. 2006). The set of product
sustainability assessment parameters that is relevant to use will differ, for
example, with geographical locations and cultural contexts, over time and
among product types. Different sustainability parameters might thus be more
or less urgent or relevant for different systems (Marsden et al. 2010). Water,
for example, might be an important input to a production process, however,
its importance, in terms of availability, purity and price, varies in different
parts of the world and will also potentially change with season and over time.
Any sustainability assessment therefore has to be case-specific in order to
address the specifics of the life cycles that are to be improved or compared in
relation to their specific surroundings.

Future orientation

An important feature of any product is that it has the potential to fit into a
sustainable society, or at least be a bridging solution that can assist in a move
in that direction. However, what is perceived or experienced as the most
critical parameters for sustainability might be very different in the future,
compared to today. Thus, the envisioning of different potential futures is
needed to guide the development of products. Presently, product assessments
are most often based on the current situation, for example, on today’s energy
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mix of fossil fuel, renewable power and nuclear power. Therefore, they do
not take the future development of surrounding systems into account.

Technical system under development

In early phases of product development, it is not yet known, for instance,
what resources or materials will be used, how much material will be needed,
where and how the materials and products will be produced, how many
products will be produced and how the wastes and products can be disposed
of after use. Consequently, data for the product system is not yet available.
Many available assessment tools can, therefore, not be applied to their full
potential in early development stages since they are designed for assessment
of existing products and are based on quantitative data for real processes.
That so much remains unknown is a challenge but also an excellent
opportunity to influence the process towards a more sustainable product.

3.2 Suggested process
In order to guide product development towards more sustainable products,
approaches are needed that will facilitate (1) identifying significant aspects of
sustainability by visualising the product in potential future sustainable
societies, (2) describing these aspects as a set of assessment parameters, (3)
translating this set so that it provides meaning to the different team members
in their specific areas of work, and (4) providing a holistic understanding of
the sustainability performance by involving the whole team in the valuation
and interpretation of the relative importance of different impacts. Knowledge
about the product system, about relevant assessment parameters and the
sustainability performance of the product system can be enhanced over time
in an iterative procedure, as described and illustrated in Paper II. The paper
describes a methodology that is at first based on an assumed product system
together with a case specific and future oriented interpretation of essential
sustainability considerations for the product system, applying a participatory
approach. Figures 4-6, below, represent the three steps of the process.
An essential element in the process is to explicitly describe what sustainability
implies in each specific case, namely, what to include in the concern and how
to handle trade-offs and uncertainties like insufficient data, as described in
Chapter 2.1. This is handled in the first step of ‘defining long-term goal and
determining scope’ in the suggested process for guiding the material or
product development towards a more sustainable product by team learning,
illustrated in Figure 4. This part is only briefly described in Paper II; some
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examples of exercises carried out in the project to achieve this are described
in Chapter 4.1.

Figure 4. The first step of ‘defining long-term goal and determining scope’ in the suggested process
for guiding the material or product development towards a more sustainable product through team
learning.

In order to compare and improve the sustainability of a product, it is
necessary to increase the project team’s understanding of important
sustainability considerations during early stages of development. To
accomplish this, the project team members need to be involved in a process
that is based on their knowledge and experience and that adds to this an
understanding of potential sustainability consequences. In the suggested
process, this is done by first identifying relevant sustainability assessment
parameters and then translating them into parameters that are relevant for
each project team member’s specific area of work. Provided with this and
with the description of what sustainability implies in the specific case makes it
possible for the team to generate more sustainable ideas. In this process, all
team members will, at some stage, need to utilise or relate to the product
sustainability parameters and results from recurring assessments of the
sustainability performance of the product in their work as guidance to and
inspiration for how they can influence the sustainability of the product. The
second step of ‘establishing sets of product sustainability assessment
parameters’ in the suggested process is aimed at facilitating this. This step is
illustrated in Figure 5.
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Figure 5. The second step of ‘establishing sets of product sustainability assessment parameters’ in

the suggested process for guiding the material or product development towards a more sustainable
product by team learning.
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In the final step, assessing holistic product sustainability, a holistic
understanding of the sustainability performance is provided by involving the
whole team in the valuation and interpretation process. The process involves
discussions on the contribution of each product’s life cycle to societal
problems, and decisions on the relative importance of different impacts. The
step is illustrated in Figure 6.

Figure 6. The third step of ‘assessing holistic product sustainability’ in the suggested process for

guiding the material or product development towards a more sustainable product by team learning.

The suggested process will not be further discussed here, since details are
available in the appended Paper II. Instead, descriptions and evaluations of
some activities that were carried out in the project to accomplish the three
different steps of the process will follow. The activities are also described in
brief in Paper II. The results of evaluations of the activities when performed
in the project have provided important input to the development of the
process that is presented in Paper II and in this thesis summary.
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4. EXPERIENCES FROM APPLYING ELEMENTS
OF THE TEAM LEARNING PROCESS
The team-learning process suggested in Paper II is a way to guide product or
material development towards more sustainable products. The process was
developed based on understanding obtained partly from literature studies, and
partly from conclusions of analysed experiences in the project. This section
provides details on the practical efforts. In 4.1-4.3, different exercises are
described and in 4.4, some common issues in this type of research and
development projects are highlighted.

4.1 Defining long-term goal and determining scope
Early on in the project, the material development team was busy starting up
the research work on the development of the new wood-based
superabsorbent materials. The steering group of the project and contact
persons at the companies were, therefore, asked to engage in developing a
description of what the qualities of a ‘more sustainable product’ should be in
the project. The plan was to deliver a list of relevant product sustainability
aspects and visualisations of potential future societies to the material
development team. At a first workshop, the four principles of sustainability
listed in Chapter 2.1 and the backcasting methodology were introduced.
Examples of what ‘sustainable development’ could imply were presented in
order to demonstrate that ‘sustainable development’ is not a clearly defined
concept. To clarify the different views of sustainability among group
members, a discussion of what a sustainable society comprises that could
influence material and products was held and documented as a mind map.
The content in the mind map was then contrasted with the four principles of
sustainability in order to verify that these were covered. Present state analysis
of how each company today influences the sustainability of a product was
also made. The analysis aimed at defining what activities, throughout the
product’s entire life cycle, are unsustainable and which roles in the company
can influence the activities and how. At a second workshop with this group,
the principles of brainstorming were presented and a brainstorming activity
was performed in order to identify various potential solutions for the product
in a sustainable future. Further workshops could have been carried out with
this group, but due to other priorities, workshops were instead continued
with the material development team, which provided the advantage of
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working with the people that influence the detailed development of the
project in terms of material development in their every-day choices.
To increase the material development team’s understanding of how
developments in the world can affect the sustainability of a product, a
scenario analysis was performed, following the description by Lundqvist et al.
(Lundqvist et al. 2006). First, external factors, for example, those concerning
customers, politics, environment, competitors, economy, society, suppliers
and technology, which may influence the final product, were identified in a
brainstorming activity. Examples of factors that were discussed are: increased
costs for transportation, patents that cease to exist, and greater considerations
of global equity. The identified factors were discussed and placed in a diagram
based on their predictability and on their potential impact on the sustainability
of the final product. Only the factors that may have a high impact were
considered in the selection of factors for the development of scenarios of the
future. Factors with a relatively high predictability were classified as trends and
factors with a relatively low predictability were classified as critical uncertainties.
Based on two unrelated critical uncertainties, four different future scenarios
were generated, as illustrated in Figure 7. The four different future scenarios
were intended to be used to test the feasibility and robustness of different
suggested technical solutions.
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Figure 7. Results of the scenario analysis. The two selected unrelated ‘critical uncertainties’ form

the two axes and four scenarios are generated in the quadrants. All ‘trends’ are also considered in
each of the scenarios.

To enhance the understanding of potential long-term effects of increased
wood resource use, various estimates were presented early on in the project.
For example, an estimate of the forest area required for adult incontinence
products in Europe until 2050 was presented and is attached in Appendix A.
The calculations show that the forest area needed for severe incontinence
products in Europe will increase by about 75% until 2050, using current
projections of population growth and assuming the same fraction of
population with severe incontinence, the use of disposable incontinence
products, and the same yield from Swedish forestry as of today. The area
needed in 2050, under these conditions, corresponds to an increase of 75%
from 2010 to 1.2 million hectares forest area, which is a small share of the
Swedish forest area, 5.3%. However, such an increase in wood demand for only

one product is not without problems, since forests, to a large extent, are already
utilized, e.g., for timber, and pulp and paper production. Since there is an expected
increase in demand for bio-based fuels and materials to replace petroleum-based
products, this factor means competing for either the yield from the forests or for
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the land area (Beland-Lindahl & Westholm 2011). At the same time, there are rising
concerns regarding biodiversity and other ecosystem services as discussed in
Chapter 2. Consequently, there was a need for the project to discuss how to

handle this trade-off. A discussion started on how an increase in the
extraction of wood should be viewed. Is there a linear relationship between
increased fibre extraction and increased forest area or will this be handled by
a redistribution of wood directed to, e.g., sawn timber products, fibres and
combustion?

4.2 Establishing sets of product sustainability assessment parameters
In early phases of material or product development, the production processes
are often unknown, like the location of production facilities, the mass of
material in the final product, what kind of equipment will be used and many
other things. Therefore, a scaled-up model of a conceptual production
process, developed from lab scale data, is sometimes used for generating
estimates of input parameters for an LCA study. Resistance to the use of
preliminary process estimates for environmental assessments may be
encountered from the developers when the material design has not yet
progressed past the bench-test scale. Results can be seen as threats to
innovation if they are unfavourable. Nevertheless, such preliminary
calculations are important in the development of more sustainable products
since they may highlight particular challenges. It is important to use these
early LCA results exclusively as indications based on coarse assumptions and
not to be lured into seeing them as the last word on the product's
environmental performance.
Results and conclusions of early LCA estimates were used in the project to
enhance the understanding of the adult incontinence product system and the
challenges to different environmental parameters involved in replacing
petroleum-based material with wood-based. These estimates showed that
unless there are positive impacts in other areas that can compensate, the
environmental impacts from the production of the new material cannot be
allowed to be higher than from Nordic fluff pulp production if the new
material is to be more environmentally benign than the reference for the most
common environmental parameters. In particular, performance in terms of
energy demand for the new material proved to be a challenge. Consequently,
developing materials to replace available optimised materials, while at the
same time ensuring a more sustainable product, is a challenge. It requires not
only a shift to renewable resources or an environmental optimisation of
material production processes but also considerations of relevant
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sustainability aspects throughout the entire life cycle of the product while
retaining or even improving product function. This demands the material
development team’s awareness of important sustainability considerations. For
more details on the LCA estimates, see Paper III.
An exercise aimed at creating greater and shared understanding of the aspects
and assessment parameters was carried out with the material development
team. The team was divided into three groups and each group received six
different sustainability aspects that had been selected by the sustainability
assessor in order to cover a broad range of sustainability aspects that may be
important during the adult incontinence product's life cycle. The sustainability
aspects’ importance for the project was discussed in each group. Assessment
parameters describing the aspects were proposed by the three groups and
further discussed. This gave the material development team an opportunity to
learn and also to influence the basis for the sustainability assessment of the
final product. For examples of considered aspects and parameters, see Paper
II.
A material checklist template containing sustainability considerations for new
materials was developed for the project, as demonstrated in Figure 8. It was
aimed at facilitating a first rough sustainability assessment, together with the
material developers, of the new materials that were to be produced within the
project and making material developers aware of the sustainability challenges
and opportunities of new materials at a very early stage. When the material
checklist was used, it was revealed that most sustainability considerations, for
example the use of chemicals use and the share of certified wood, lack direct
significance to the material developers in their work, and may instead be more
relevant parameters for the process technicians and purchasers that work with
efficiency improvements and the company’s purchasing strategy. The
difficulty in providing information to the material developers that is
meaningful to them in the sense that it gives advice on how they can change
their actions to influence sustainability was revealed, however, the checklist
still gave them an awareness of and insight into a broader sustainability
perspective.
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Material checklist
Name of material:
Chemicals used:
Tree spieces:
Wood fibre source:
Main function of material:
Date:
Participants:
Yes

No

Comments

Is the wood certified?
Is recycled wood fibre used?
Is it reuse of fibre?
Is the REACh status of the chemicals checked?
Does the chemicals fulfill Company A demands?
Does the chemicals fulfill Company B demands?
Is all energy use in material production and
diaper manuafacturing renewable?
Result

0
Increase Equal Decrease Comments

Compared to reference diaper
Energy use
Wood use
Petroleum oil use
Water use
Chemical use
Risk for safety and health injuries
Result

0

Figure 8. The template for the material checklist that was developed for the material
development project.

When developing a material that is intended to replace another, it is important
to understand which specific material properties are needed in order to
deliver the desired function. It would be counterproductive to copy all
properties as not all of them help in delivering the function of the product.
Instead, focus should be on material parameters giving the desired function
and how these affect the sustainability performance in different life cycle
stages of the product.
A workshop was, therefore, performed with the material development team,
with the aim of finding the material parameters that connect the strongest to
the product function. The workshop focused on describing customer needs
for the adult incontinence product and connecting these needs to material
properties that the material development team work with in their daily
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activities. This gave more clarity about the properties to be improved and
why.

4.3 Assessing holistic product sustainability
In the beginning of the material development project, a multi-criteria analysis
exercise was carried out with the project team, in order to provide an
understanding of the general principles of the sustainability assessment at an
early stage, and the issues that may arise. The groups formulated sustainability
aspects that they expected would have a large effect on the adult incontinence
product’s sustainability performance. The envisioned new product and the
reference product were both graded from one to five after how well they were
expected to perform for each aspect (five indicated very good performance).
The aspects were also given weighting factors from zero to two depending on
their perceived relative importance. The grade and the weighting factor were
multiplied for each aspect and the results were added together for each
alternative and compared, as illustrated in Table 2. This gave the team an
insight into how an assessment may be performed, what can be included in
the assessment and what the uncertainties and difficulties are.
Table 2. The result of one multi-criteria analysis performed early on in the material development
team.

Reference
product
New
product

Aspect
CO2
Factor
1.5
2 x 1.5
=3
4 x 1.5
=6

Aspect
€
Factor
1
3x1
=3
2x1
=2

Aspect
Function
Factor
2
4x2
=8
4x2
=8

Aspect
Waste
Factor
1.3
3 x 1.3
= 3.9
4 x 1.3
= 5.2

Aspect
Resources
Factor
1.8
2 x 1.8
= 3.6
4 x 1.8
= 7.2

Aspect
Social
Factor
0.7
4 x 0.7
= 2.8
4 x 0.7
= 2.8

Sum

24.3
31.2

Before all potentially important aspects and parameters have been identified
and assessed, it may be important to visualise the overall performance of the
new product compared to the reference product. In the project, sustainability
profiles were used to illustrate this. These were updated regularly as more
knowledge about the adult incontinence product system, relevant assessment
parameters and the resulting sustainability performance emerged. The
sustainability profile, as used in the project, compares sustainability aspects of
33

the new product to a reference product as illustrated in Figure 9. The x-axis in
Figure 9 shows some parameters that were identified as important at the time
and the y-axis shows the relative performance in relation to the worst
performing alternative for the parameters that had been quantified at that
time. As seen in Figure 9, the new product did not, at the time, exhibit an
improved performance for all aspects compared to the reference. The need
for handling trade-offs in a structured and transparent way became clear to
the project team.

100

80

60
New

Reference

40

20

0

Figure 9. Example of a ‘sustainability profile’ with selected sustainability parameters,
comparing a potential new adult incontinence product with the reference used in the project,
presented as percentage relative to the highest contributor.
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4.4 Common issues in research and development projects of materials
and products
The exercises described in 4.1-4.3 were all done with the intention of
eventually resulting in a product that performs better than the reference.
Since all of the exercises were performed before the final assessment
framework had been finalized, they all aimed at both providing input to the
forming of the assessment framework and providing guidance to the team on
how to maximize the sustainability performance. The suggested process
described in Paper II and 3.2 was put together as a result of literature studies
and after analysing different exercises that had been tried out in the project.
There are many reflections to make concerning these efforts and parallel
projects described in literature. Here, some generic issues, applicable to many
research and development projects of this type, are briefly discussed.
Although a lot of effort must be put into presenting the background to why
and how different workshops are carried out, as well as the potential gain of
participating, participants can end up in expecting something else than the
activities at the workshops and their outcomes. One reason for this might be
that different project members have a different pre-understanding of what a
sustainability assessment should comprise and how it should be performed.
Also, project members may not be convinced about the importance of them
learning about how they can influence development. The great importance of
preparing and motivating the participants in an appropriate way for their time
and attention during activities is clear.
Scenarios and strategies is something that the management level of a
company often works with, but more rarely a team like a material
development team. In this project, workshop participants on management
level, not surprisingly, showed the greatest interest among the participants for
analyses of future scenarios. However, once the rest of the group started to
discuss the scenarios, they could all contribute very positively to the
discussion.
In projects of this type, it could be useful to identify challenges to integrating
learning and achieving change by finding out more about the participants’
different needs, their attitudes towards the project and their power to act, at
an early phase in the project. One way to do this is by performing a
stakeholder analysis (Bell & Morse 2008).
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5. CONCLUSIONS
Most available sustainability assessment tools are not applicable in early
development stages since they are aimed at assessing existing products and are
based on quantitative data for existing processes.
Tools for integrating environmental or sustainability aspects into different
stages of product development are generally constructed in such a way that
they only result in the environmental improvement of existing products, e.g.,
on replacing parts or processes representing major environmental impacts
based on the industrial processes used today.
The set of sustainability assessment parameters that is relevant in relation to a
specific product will differ for different cases and needs to be established for
each specific situation.
Establishing relevant product sustainability assessment parameters is not a
simple task. It needs to involve several actors in an iterative procedure.
Sustainability assessment parameters for comparing the use of non-renewable
and renewable resources are largely lacking.
The developers strongly affect the sustainability performance of a finished
product. To make it possible for them to rethink and move towards a more
sustainable final product, developers need to know of and understand which
surrounding world and future-oriented considerations that make significant
impacts on a specific product’s sustainability performance. It is not enough to
provide developers with parameter results to improve, but they also need
support in translating and integrating the parameters into something that can
guide them in their area of expertise.
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6. RECOMMENDATIONS FOR FURTHER
RESEARCH
The analysis in Paper I identified a lack of product sustainability parameters
on social progress and on impacts on ecosystem services, such as biodiversity,
and on competition for different types of limited resources, like petroleum,
land area and water. Consequently, research into this area is needed.
Case studies are needed to demonstrate practical experience of how relevant
product sustainability assessment parameters can be established, for example,
by applying the process suggested in Paper II and evaluating it and identifying
its limits. To promote innovation towards more sustainable products, studies
are needed on how to guide developers. In order to define the barriers and
test how to overcome them, case studies should be conducted.
Project set-ups with predetermined deliverables may not be suited for some
research and development projects since it may limit learning by preventing
the utilisation of new knowledge and understanding gained in the project.
Therefore, research is needed on how to set up this type of development
projects in order to encourage a long-term perspective and learning.
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APPENDIX A

The ageing society – an example of consequences for
biomass use
Gunilla Clancy*1), Morgan Fröling2) and Magdalena Svanström1)
1)Chemical Environmental Science, Chalmers University of Technology,
Göteborg, SWEDEN 2)Ecotechnology and Environmental Science, Mid
Sweden University, Östersund, SWEDEN
*Corresponding author (clancy@chalmers.se)
Increasing life expectancy results in an
ageing society in parts of the world.
The old of tomorrow are also expected
to have higher comfort demands
(Wuagneux 2006). One likely
consequence is an increase in the need
of such products as disposable
incontinence diapers, which are today
partly based on cellulose from forestry.
A calculation of the potential increase
for severe incontinence care (assuming
the use of disposable incontinence
diapers) was made based on the
demographic trends for Europe and on
the yield from forestry performed
under
Nordic
conditions.
The
calculation is shown here using a
vector decomposition known from
literature (Holmberg 1998): I = i * m *
u * P. It expresses the impact (I, in our
case, forest area in ha) as a product of
four factors that humans have the
ability to change, in our case, i = ha
Nordic forest area / kg material
(Swedish forest agency 2009), m = kg
material / service, u = service /
population in Europe, and P =
population
in
Europe

(United Nations 2009). The 'service' is
to keep a customer with severe
incontinence dry for a year, assuming
that the same fraction of the population
above 50 years as today will need
severe incontinence protection.
Under these assumptions, the forest
area needed for severe incontinence
care in Europe will increase with
about 75% until 2050. If also the
oil-based material in the diapers were
to be replaced by wood-based, this
would further increase the needed
forest area to 136%, assuming a 1:1
replacement ratio by weight. This is
still a small share of the total
European
forest
area
(0.2%).
However, such an increase in wood
demand for only one product is not
without problems, since forests to a
large extent are already utilized, e.g.
for timber and pulp and paper
production, and since there is an
expected increase in demand for
bio-based fuels and materials for
replacement
of
petroleum-based
products, thus competing for either the
yield from the forests or for the land

1

area. At the same time, there are rising
concerns regarding biodiversity and
other
ecosystem
services
in
connection to forestry (MEA 2005;
TEEB 2009). Consequently, since
forests area limited resource, there is a

need for a discussion within society
about how to dedicate forests.

Table 1. Estimation of forest area needed for disposable incontinence diapers for
the ageing population in Europe.
Year
2010
2020
2030
2040
2050
P / population
u / (service /
population)

732 759
000

732 952
000

723 373
000

708 489
000

691 048
000

0.011

0.013

0.015

0.020

0.021

1 190 000

1 210 000

m / (kg material /
service)

84
0,0010

i / (ha forest area /
kg material)
I / ha forest area =
i*m*u*P

690 000

800 000

930 000
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APPENDIX B
Sustainability
aspect

Sustainability parameter

Energy use (renewable)
Energy use (non-renewable)
Energy use (electricity from the grid)
Consumption of energy
Consumption of water

Reference
discussing the
sustainability
parameter
[1-3]
[1-3]
[1-3]
[4-10]
[2-10]

Case study
using the
sustainability
parameter

Use of energy
resource







Use of biomass
resource




Wood resource use
Consumption of biotic resources

[1, 6-10]
[2-5]

[6-7, 10-11,
13]

Use of
chemicals



Consumption of chemicals

[2-4]

Use (depletion)
of nonrenewable
resource
Disposal of
waste



Consumption of abiotic resources

[2-10]

[6-7, 10-11,
13]




Solid waste
Dispose chemicals, containers, liquid and solid
non-organic wastes including fuel and oil in an
environmentally appropriate manner at offsite locations.
Calculation of GHG emissions via an lifecycle
assessment
Improve climate change mitigation over time
Greenhouse gas emissions per process
Emissions to air
Net change in forest ecosystem carbon
Forest ecosystem carbon storage by forest
type and age class
Available carbon credits in British Columbia’s
forest sector
Total forest products carbon pools and fluxes
Report separate subtotals for emissions of
CO2, CH4, N2O, HFCs, PFCs, SF6 in tonnes and
tonnes of CO2
Forest sector carbon emissions
Use and emissions of ozone-depleting
substances (in tonnes of chlorofluorocarbon11 (CFC-11) equivalents)
Total forest ecosystem carbon pools and
fluxes
Avoided fossil fuel carbon emissions by using
forest biomass for energy
Emissions to air

[2-10]

[6-7, 10-11,
13]

Maintain or enhance the quality of the
surface and groundwater resources
Emissions to water

[15]

Consumption of
water resource

E
n
v
i
r
o
n
m Emission to air
e of green house
n gases
t
a
l
i
m
p
a
c
t















Emission to air
(apart of global
warming gases)
Emissions to
water





1

[6-7, 10-13]
[6-7, 10-11,
13]

[14]
[5-10, 15-18]
[15]
[1]
[2-4]
[19]

[6-7, 10-13]

[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]

[2-4, 6-10]

[2-4, 6-10]

[6-7, 10-11,
13, 20]

[6-7, 10-11,
13, 20]

Sustainability
aspect

Sustainability parameter

Emissions to
soil



Impact on
forests, lands,
wetlands,
wildlife, habitat
etc





























Impacts from

waste
treatment
(emissions, land 

Identify and minimise air pollution emission
sources
Eliminate open‐air burning of residues, wastes
or by‐products.
Emissions to soil
Respect water needs for the long‐term
sustainability of ecosystems
Withdraw surface or groundwater resources
beyond replenishment capacities
Acidification
Euthrofication
Photo-oxidant formation
Recognise, maintain, and, where appropriate,
enhance the value of forest services and
resources such as watersheds and fisheries.
No occurrence of conversion to plantations or
non-forest land uses, except in circumstances
where conversion: a) entails a very limited
portion of the forest management unit; and b)
does not occur on high conservation value
forest areas; and c) will enable clear,
substantial, additional, secure, long term
conservation benefits
Wild salmon and fish populations (Change in
numbers of fish by life stage, by species,
Habitat quality)
Strictly protected forest reserves
Forests protected by special management
regime
Area of forest disturbed by fire, insects,
disease, and timber harvest
Area of forest with impaired function due to
ozone and acid rain
Area and type of natural disturbances
Area and type of human-induced disturbance
Human actions that could modify natural
disturbance
Areas (ha.) identified with epidemic levels of
forest health agents such as bark beetles,
budworm etc
Changes in soil fertility, structure, and
function in harvested areas
Landscape patterns
Connectivity between areas with similar
habitat types (tree species, age class, etc.)
Percentage of area declared as mixed-species
regeneration
Area and percent of forest affected by biotic
processes and agents beyond reference
conditions
Area and percentage of forest land with
diminished or improved components
indicative of changes in ecological processes
Area and percent of forest affected by abiotic
agents (e.g., fire, storm, land clearance)
beyond reference conditions
Scale and impact of changes in soil acidity in
productive forests
biodiversity conservation
Amount (km) of road where protective road
measures are carried out to minimize soil
erosion
Area and percentage of forest whose
2

Reference
discussing the
sustainability
parameter
[15]

Case study
using the
sustainability
parameter

[15]
[2-3]
[15]
[15]
[2-3, 6-10]
[2-3, 6-10]
[2-3]
[14]

[14]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]

[19]

[6-7, 10-11,
13, 20]

Sustainability
aspect
use, resource
depletion)

Sustainability parameter























Impact on
biodiversity









designation or land management focus is the
protection of soil or water resources
Protective function
Soil
Proportion of forest management activities
that meet best management practices to
protect soil resources
Proportion of forest management activities
that meet best management practices to
protect soil resources
Percentage of annual harvest area with soil
loss due to establishment of permanent
access roads
Area and percentage of rangeland with
significant change in extent of bare ground
Area and percent of forest land with
significant soil degradation
Area and percent of forest assessed for soil
erosion hazard, and for which protection for
soil and water values are implemented
The total quantity of organic carbon in the
forest floor (greater than 25mm diameter
components) and in the surface 30cm soil
Scale and impact of changes in soil acidity in
productive forests
Proportion of forest management activities
that meet best management practices to
protect water-related resources
Disruption of aquatic habitat
Channel form within treatment area versus
channel form upstream
Channel stability
Percentage of water bodies in forest areas
with significant variance of biological diversity
from the HRV
Proportion of watersheds with substantial,
stand-replacing disturbance in the last 20
years
Peak flow index (includes Equivalent Clearcut
Area calculation)
Percentage of stream km in forest catchments
in which stream flow and timing has
significantly deviated from the HRV
Percentage of stream km in forest catchments
in which stream flow and timing has
significantly deviated from the HRV
Significant discharges to water by type of
effluent or waste (pulp mills, etc.)
Area and percentage of water bodies, or
stream length, in areas with change in
physical, chemical, or biological properties
Identify and protect High Conservation Value
areas, native buffer zones, ecological
corridors and other public and private
biological conservation areas
Protect, restore or create buffer zones
Protect, restore or create ecological corridors
to minimise fragmentation of habitats
The toxicity potential
Human toxicological impacts
Area of forest, by type and age class, and
wetlands in each ecozone
Habitat supply for indicator species
3

Reference
discussing the
sustainability
parameter
[19]
[5, 19]
[6-9, 19]

Case study
using the
sustainability
parameter

[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]

[14-15, 21]
[14-15, 21]
[14-15, 21]
[4]
[2-3]
[19]
[19]

[20, 22]

Sustainability
aspect

Sustainability parameter






























Structural stage distribution by biogeoclimatic
zone by site series over time
Area of forest community types with
significantly reduced area
Area of forest, by type and age class, soil
types, and geomorphological feature types in
protected areas in each ecozone
Area of forest by type, age class, and BEC zone
in protected areas
Range of sizes and average size of protected
areas for each forest type
Percentage of protected areas connected by
biological corridors
Outstanding or unique biological, zoological,
geological, and paleontological features in
protected areas
Total forest cover in relation to area of forest
outside of protected areas
Area of forest under management in relation
to area of forest in protected areas
Area and percent of forest in protected areas
by forest ecosystem type, and by age class or
successional stage
Area and percent of forest by forest
ecosystem type, successional stage, age class,
and forest ownership or tenure
Fragmentation of forests
Percentage of non forest areas (e.g. wetlands,
all terrain vehicle tracks, non productive
brush) by landscape unit by licensee
Wildlife Tree Classes 1 and 2 (live trees), and
3+ (standing dead trees)
Amount and type (size, species, and decay
class) of course woody debris (cwd)
Amount of windthrow
Harvesting constraints and ecological
attributes used to anchor retention
Fragmentation of forests
Number and status of native forest-associated
species at risk, as determined by legislation or
scientific assessment
Change in the status of threatened and
vulnerable species or indicator species
Number of forest-dependent species
classified as vulnerable, threatened or
endangered within the forest management
area (FMA)
Number, type, and severity of threats to
species at risk (cumulative risk index)
Percentage of original range occupied by
selected rare, threatened, or endangered
species
Areas of high-, medium-, and low-value
habitat by species over time
Population levels of selected forest-associated
species
Population growth rates
Changes in the number and percentage of
threatened species in relation to total number
of forest species
Change in relative abundance
Rate of change in community species
assemblages over time
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Populations of critical species
Distribution of selected forest-associated
species
Number of forest-dependent species that
occupy a small portion of their former range
Percentage of area of mature forest within
Landscape Unit and biogeoclimatic variants
Area of forest permanently converted to nonforest land use
Area of old growth by biogeoclimatic zone
Distribution of selected habitat elements in
Timber Harvesting Land Base by Landscape
Unit by BEC variant by licensee over time
Number of invasive, alien, forest-associated
species
Location and dispersal of introduced species
Degree of disturbance to native species
caused by invasive species
Percentage of noxious and uncontrolled
weeds in grass seed mixtures applied
Percentage of introduced species in the
Timber Harvesting Land Base by Landscape
Unit
Number of native forest-associated species
Status of in situ and ex situ efforts focused on
conservation of species diversity
Tree species and size
Forest dwelling species for which ecological
information is available
Forest dwelling species for which ecological
information is available
Size of parent population having produced
regeneration
Change in the amount of certified seedproducing stands
Area of natural and man-made forests
Status of in situ and ex situ efforts focused on
conservation of genetic diversity
Changes in genetic diversity of species
undergoing selective pressures
Amount of genetic variation within and
between populations of representative forestdwelling species
Changes in population, genetic diversity and
structure, and gene flow for selected species
Number and geographic distribution of forestassociated species at risk of losing genetic
variation and locally adapted genotype
Status of sensitive ecosystems with reduced
ranges
Population levels of selected representative
forest-associated species to describe genetic
diversity
Extent of native forest and plantations of
indigenous species which have genetic
resource cons. plans prepared and
implemented
Forest associated species at risk from isolation
and the loss of genetic variation, and
conservation efforts for those species
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Quality of
environmental
management
system





Maintain or improve soil physical, chemical,
and biological conditions
Exceed levels of rate of harvest which can be
permanently sustained
Maintain ecosystem functions and services
including: a) regeneration and succession. b)
Genetic, species, and ecosystem diversity. c)
Natural cycles that affect the productivity of
the ecosystem.
Total growing stock and annual increment of
merchantable and non-merchantable treespecies in forests available for production
Percentage of and extent of cover types and
maturity classes
Mean Annual Increment (MAI) by
Species distribution of growing stock (THLB
and non-contributing areas) by Natural
Disturbance Type (NDT) and
Annual harvests of non-timber forest products
relative to the levels of harvests deemed to be
sustainable
Loss of the Timber Harvesting Land Base to
roads, seismic lines, well sites, and other
developments
Area (ha) removed due to inoperability
Additions and deletions of forest area, by
cause
Area (ha) reclassified (see also Loss of the
THLB to roads, seismic lines, well sites, and
other developments)
Proportion of timber harvest area successfully
regenerated
Area out of compliance with free-to-grow
objectives
Areas (ha) treated by treatment type by
licensee including commercial thinning,
fertilization, and pesticides
Records of assessment of the productive
capacity for existing non-wood products
Annual harvest of wood products by volume
and as a percentage of net growth or
sustained yield
Annual harvest of non-wood forest products
Carrying capacity of the system for
economically important species
Area and percent of forest land and net area
of forest land available for wood production
Area, percent, and growing stock of
plantations of native and exotic species
Native forest available for wood production,
area harvested, and growing stock of
merchantable and non merchantable tree
species
Annual Removal of non-wood forest products
compared with the level determined to be
sustainable
Implement good practices for the storage,
handling, use, and disposal of chemicals
Water management plan which aims to use
water efficiently and to maintain or enhance
the quality of the water resources
Complete assessment of environmental
impacts -- appropriate to the scale, intensity
6
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[20]

[14]
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[19]
[19]
[19]
[19]
[19]

[15]
[15]
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of the affected resources -- and adequately
integrate into management systems.
Prepared and implemented written guidelines
to: control erosion; minimize damage during
harvesting, road construction, and all other
mechanical disturbances; and protect water
resources.
Promote the development and adoption of
‘environmentally friendly’ non-chemical
methods of pest management and strive to
avoid the use of chemical pesticides.
Document, minimize, monitor and strictly
control the use of biological control agents in
accordance with national laws and
internationally accepted scientific protocols
Prohibit the use of genetically modified
organisms
Control and actively monitor the use of exotic
species to avoid adverse ecological impacts
Provide the management plan and supporting
documents a) Management objectives. b)
Description of the forest resources to be
managed, environmental limitations, land use
and ownership status, socio-economic
conditions, and a profile of adjacent lands. c)
Description of silvicultural and/or other
management system, based on the ecology of
the forest in question and information
gathered through resource inventories. d)
Rationale for rate of annual harvest and
species selection. e) Provisions for monitoring
of forest growth and dynamics. f)
Environmental safeguards based on
environmental assessments. g) Plans for the
identification and protection of rare,
threatened and endangered species. h) Maps
describing the forest resource base including
protected areas, planned management
activities and land ownership. i) Description
and justification of harvesting techniques and
equipment to be used
Revise the management plan periodically to
incorporate the results of monitoring or new
scientific and technical information, as well as
to respond to changing environmental, social
and economic circumstances.
Monitor procedures consistent and replicable
over time to allow comparison of results and
assessment of change.
Research and data collection of the following
indicators: a) Yield of all forest products
harvested. b) Growth rates, regeneration and
condition of the forest. c) Composition and
observed changes in the flora and fauna. d)
Environmental and social impacts of
harvesting and other operations. e) Costs,
productivity, and efficiency of forest
management.
Incorporate the results of monitoring into the
implementation and revision of the
management plan.
Include and implement specific measures that
ensure the maintenance and/or enhancement
7
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Risk of severe
environmental
accidents
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Quality of
safety and
health
management
system









of the applicable conservation attributes
consistent with the precautionary approach.
Conduct annual monitoring to assess the
effectiveness of the measures employed to
maintain or enhance the applicable
conservation attributes.
State the management objectives of the
plantation, including natural forest
conservation and restoration objectives in the
management plan, and clearly demonstrated
in the implementation of the plan.
Promote the protection, restoration and
conservation of natural forests
Promote diversity in the composition of
plantations to enhance economic, ecological
and social stability
Select species for planting based on their
overall suitability for the site and their
appropriateness to the management
objectives. In order to enhance the
conservation of biological diversity, native
species are preferred over exotic species in
the establishment of plantations and the
restoration of degraded ecosystems. Exotic
species used only when their performance is
greater than that of native species, carefully
monitored to detect unusual mortality,
disease, or insect outbreaks and adverse
ecological impacts.
Good practices for contained burning of
residues, wastes or byproducts to maintain
emissions of air pollutants below national and
international norms
Minimize the risk of damages to environment
and people, and improve environmental
and/or social performance over the long term
by the technologies used including genetically
modified: plants, micro‐organisms, and algae
Manage residues, wastes and byproducts so
that soil, water and air physical, chemical, and
biological conditions are not damaged.
Maintain or improve soil structure, fertility,
and biological activity.
Adequately contain micro‐organisms which
may represent a risk to the environment or
people to prevent release into the
environment
Protect areas from illegal harvesting,
settlement and other unauthorized activities.
The abuse and risk potential
Assess risks to food security in the region and
locality
Enhance local food security in food insecure
regions
Occupational and commuting accidents
Fatal occupational and commuting accidents
Occupational diseases
Incorporate the results of evaluations of social
impact
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Adherence to
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Complying with
company code
of conduct
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human and
labour rights
management
system






Reference
discussing the
sustainability
parameter

Follow internationally recognised standards of
occupational safety and health for workers.
[15]
Meet or exceed all applicable laws and/or
regulations covering health and safety of
employees and their families.
[14]
Toxicity potential
[23]
Additional health risks (e.g. danger of
accidents, addiction)
Freedom of association, the right to organise,
and the right to collectively bargain.
Occurrences of slave labour or forced labour
Occurrences of child labour, exception to
family farms and then only when work does
not interfere with the child’s schooling and
does not put his or her health at risk
Discrimination of any kind, whether in
employment or opportunity, with respect to
wages, working conditions, and social benefits
Equal remuneration for work of equal value
Assess, document, and establish existing land
rights and land use rights
Ensure no issues relating to use rights, land
rights or traditional rights including issues of
equitable compensation are pending
Demonstrate clear evidence of long-term use
rights to the land (e.g. land title, customary
rights, or lease agreements)
Employ appropriate mechanisms to resolve
disputes over tenure claims and use rights
Wages and salaries male
Wages and salaries women
Company expenditures for social security
Wages and salaries
Company benefits such as housing subsidies,
workforce facilities, payments in kind and
cafeteria subsidies
Company expenditures for family support
Benefits for disadvantaged people (e.g.
disabled, sick, poor) due to product quality
Strikes and lockouts
Indigenous peoples control their lands and
territories unless they delegate control with
free and informed consent to other agencies
Threaten or diminish, either directly or
indirectly, the resources or tenure rights of
indigenous peoples.

Form the basis for the process to be followed
during all stakeholder consultation, gender
sensitive and result in consensus‐driven
negotiated agreements
Comply with all applicable laws and
international conventions for wages and
working conditions
Comply with all relevant collective
agreements
Implement a mechanism to ensure the human
rights and labor rights outlined in this
principle apply equally when labor is
9
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Social
differentiation

Impact on
surrounding
communities




















contracted through third parties
Form the basis for all negotiated agreements
for any compensation, acquisition, or
voluntary relinquishment of rights by land
users or owners
Number of education and training programs
Instances of significant non-compliance with
Forests and Range Practices Act
Incidents of and fines for non-compliance
(international, national, sub-national,
regional, local)*
Presence of certification implementation
committee (e.g SFI Implementation
Committees)
Presence of certification implementation
committee (e.g SFI Implementation
Committees)
Number of complaints to Forest Practices
Board (FPB) versus number addressed
Extent to which the institutional framework
provides for public involvement activities and
public education programs...
Extent to which the institutional framwork
has the capacity to undertake and implement
planning, assessment and policy review
Extent to which the institutional framework
develops and maintains
Capacity to develop and maintain
Extent to which the institutional framework
includes the capacity to enforce laws,
regulations and guidelines
Measuring and Monitoring
Employment male
Employment women
Number of employees
Number of unskilled workers (qualification of
workers)
Number of female managers
Number of disabled employees
Number of part-time workers
Improve regions of poverty, the
socioeconomic status of local stakeholders
impact
Benefit and encourage the participation of
women, youth and indigenous communities
Respect the existing water rights of local and
indigenous communities
Local communities with legal or customary
tenure or use rights maintain control, to the
extent necessary to protect their rights or
resources, unless they delegate control with
free and informed consent to other agencies.
Give opportunities for employment, training,
and other services to the communities within,
or adjacent to
Resolve grievances and for provide fair
compensation in the case of loss or damage
affecting the legal or customary rights,
property, resources, or livelihoods of local
peoples
Area of forest land owned by Aboriginal
peoples
Number of tenures offered to First Nations
10
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Extent of Aboriginal participation in forestbased economic opportunities
Aboriginal Employment
Revenue generated by Aboriginal businesses
in timber products industry
Number of Aboriginal communities that have
a significant forestry component
Number of joint ventures and/or co-managed
forests
Contract total paid to First Nations Bands
Number of opportunities for First Nations
involvement
Degree of satisfaction with contract
development process
Local representative in provincial or federal
government
Area of forest land managed primarily for the
protection of domestic water supply
Water Consumption
Cost-effective delivery of drinking water
Expenditures (monetary and in-kind) on
restoration activities
Watersheds that support water licenses
Watersheds that support water licenses
Resillience of forest-dependent communities
Index of social structure quality
Migration history, likelihood of future
migration
Social capital infrastructure
Rates of entrepreneurship
Population mental health rate
Infant mortality rate
Mortality rate
Life expectancy
Cancer
Low birth weights
Education attainment levels in forest-based
communities
Composition of senior management and
corporate governance bodies
Incidence of low income in forest-based
communities
Business and property values
Average household income
Composition of income
Poverty rate
Crime rates
Access/use of social services
Income distribution
Contributing time and money to charities and
non-profit organizations (volunteerism)
Membership in organizations
Participation in community sustainability
initiatives
Presence of holistic forest management
(integrated resource management, adaptive
co-management) practices
Racial discrimination
The importance of forests to people
Presence and quality of First Nations
information sharing and referrals programs
Areas where treaty or Aboriginal rights are
being practiced
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Impact on
culture and
recreation


















Extent of incorporation of First Nations
knowledge in cultural inventories
Documentation of property and use rights
Area of forest Crown land with traditional
land-use studies
All uses of traditional knowledge are
documented
Area of First Nations traditional use sites by
type
Percentage of cut-blocks by band where
agreement is reached around the
management
Aboriginal income derived from TEK
Number of traditional land users and income
earned from traditional land use
Level of incorporation of First Nations
traditional roles and systems into forest
management plans
Management framework maintains and
enhances Indigenous values use
Technical, logistical and cross-cultural
capacity exists to enable informed and
meaningful engagement in forest
management plans
Potential of intensification of social and
political conflicts (e.g. due to changes of
traditional lifestyles)
Clearly identified sites of special cultural,
ecological, economic or religious significance
to indigenous peoples
Monitor plantations include regular
assessment of potential on-site and off-site
ecological and social impacts, (e.g. natural
regeneration, effects on water resources and
soil fertility, and impacts on local welfare and
social well-being)
No species planted on a large scale until local
trials and/or experience have shown that they
are ecologically well-adapted to the site, are
not invasive, and do not have significant
negative ecological impacts on other
ecosystems. Special attention will be paid to
social issues of land acquisition for
plantations, especially the protection of local
rights of ownership, use or access.
Areas suitable for recreation expansion
through inventory
Contribution of the tourism sector to area and
provincial economy
Number of recreational user days
Road density index within recreation zone
Cost of maintenance activities in recreation
tourism zone
Sites and features of cultural significance are
identified, mapped, discussed and protected*
Outfitting Revenue
Area and percent of forests available and/or
managed for public recreation and tourism
Number, type, and geographic distribution of
visits attributed to recreation and tourism and
related to facilities available
Proportion of forests sites available for
recreation and tourism, which are impacted
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thinking and
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Extra benefits that enhance customer
satisfaction (e.g. service, increase in leisure
time, low noise)
Completeness and quality of product
information (about origin, ingredients, use,
potential danger, side-effects, etc.)
Potential of misuse of products (e.g. as a
weapon)
Number of trainees
Expenditures for professional training and
continuing education
Receive adequate training and supervision to
ensure proper implementation of the
management plan.
Comply with all applicable laws and
regulations
Assess impacts and risks and ensure
sustainability through the development of
effective and efficient implementation,
mitigation, monitoring and evaluation plans
Respect all national and local laws and
administrative requirements
Pay all applicable and legally prescribed fees,
royalties, taxes and other charges
Respect in signatory countries, the provisions
of all binding international agreements
Evaluate conflicts between laws, regulations
and principles and criteria for the purposes of
certification, on a case by case basis, by the
certifiers and the involved or affected parties
Legal framework
Extent of consultation with Aboriginals in
forest management planning and in the
development of policies and legislation
Level of First Nations satisfaction with
involvement in development of forest
management policies, legislation, and
agreements
Extent to which forest planning and
management consider and meet legal
obligations of Aboriginal and treaty rights
Recognizes and respects the legal and
customary rights of First Nations over their
lands, territories, and resources
Absence of unsolved disputes on legal,
tenure, or use rights
Number of incidences of non-compliance with
treaty settlements and Interim Measures
Agreements
Participation in planning
Proportion of participants who are satisfied
with public involvement processes in forest
management in
Number of communications (operational) by
interest group, by type by licensee
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Availability of
raw materials














Percentage of comments receiving response
by type by licensee
Response by licensees to public
comments/participation
Legal framework provides opportunities for
public participation in policy and decisionmaking related to forests
Forest management plans made public, with
respect to confidentiality
Rate of compliance with sustainable forest
management laws, regulations, and best
management practices
Extent of mitigative action when ecosystems,
culturally important areas, and traditional
resources are damaged
Proactive consultation process for significant
activities such as proposed timber harvesting
Evidence that community feedback was
considered in management planning
Status of new or updated forest management
guidelines and standards related to ecological
issues
Percent of forest management commitments
completed resulting from consultation about
non-timber features and interests* >
The legal framework clarifies property rights,
provides for appropriate land tenure
arrangements, recognizes customary...
Extent to which the legal framework provides
for planning, assessment, and policy review
that recognizes multiple forest values
Extent to which the legal framework
encourages best practice codes for forest
management
...the legal framework provides for the
management of forests to conserve
environmental, cultural, social, scientific
values
Extent to which the legal framework supports
the conservation and sustainable
management of forests
Sawmill Lumber Recovery Factor, Chip
Recovery Factor, and shipment of mini-chips
Timber Price Trend
The value of forage harvested from rangeland
by livestock
Wildlife harvested
Fish harvested
Volume by type of Non-timber Forest Product
(NTFP) (m3, kg)
Contribution of timber products to the Gross
Domestic Product (GDP)
Value and volume of wood and wood
products production, including primary and
secondary processing
Production, consumption, imports, and
exports of timber products
Contribution of non-timber forest products
and forest-based services to the gross
domestic product
Value of unmarketed non timber forest
products and forest-based services
Revenue from forest based environmental
14

Reference
discussing the
sustainability
parameter
[19]
[19]
[19]
[19]
[19]

[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]

Case study
using the
sustainability
parameter

Sustainability
aspect

Sustainability parameter










Assets needed












Operating costs




















services
Value and volume in round wood equivalents
of exports and imports of wood products
Value of exports and imports of non-wood
products
Exports as a share of wood and wood
products production and imports as a share of
wood and wood products consumption
Recovery or recycling of forest products as a
percent of total forest products consumption
Return on capital employed
Productivity Index
Value of non-wood forest products produced
or collected
Total and per capita consumption of wood
and wood products in round wood
equivalents
Total and per capita consumption of nonwood products
Capital investment
Investment as percent of GDP
Ratio of stumpage charge to wood product
prices
Stumpage Paid
Public and private funding for research,
educational, and extension programs
Annual investment and expenditure in forestrelated research, extension and development,
and education
Capital investment and annual expenditure in
forest mgmt., wood and non-wood products,
environmental services, recreation...
Extension and use of new and improved
technologies
Rates of return on investment
Investment in research, development,
extension and use of new and improved
technologies.
Cost of raw materials from forest wood chain
Cost of raw materials from outside forest
wood chain
Labour cost
Cost of energy
Other productive costs
Other non-productive costs
Material costs
Compensated indigenous peoples for the
application of their traditional knowledge
Existing tenures (forest tenures and other
types of tenure)
Opportunities for allocation of communitybased tenures
Value of contracts issued by demographic
class
Economic Sustainability (delivered in wood
costs C$/m3)
High-use rates of local wood processing
capacity
Total person days and jobs per cubic metre
Total payroll and benefits by country/region
Employment diversity
Forest area by timber tenure
Distribution of revenues derived from forest
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Market
differentiation



















Price of product



management
Employment in the forest sector
Average wage rates, annual average income
and annual injury rates in major forest
employment categories
Economic diversity index of forest-based
communities
Distribution of expenditures locally
Size of labour pool
Number of households with forest-based
employment (full- or part-time)
Annual harvest compared to local log
consumption that is provided
Contract total paid to local enterprise
Employment rate in forest-based
communities
Gender-related indices in forestry (genderrelated development index in human
development reports of the UNDP)
Accident rates
Standard injury, lost day, and absentees rates
and numbers of work-related fatalities
(including subcontracted workers)
Area and percent of forests used for
subsistence purposes sustainable forest
Management and implications for poverty
alleviation
Violation of ethical norms due to product use
or advertisement
Expenditures for R&D
Sum of import duties and export subsidies
(protectionism)
Imports from developing countries
Fair trade labels etc.
Consumer labels (e.g. 'EU flower')
Number of research partnerships
Area of Forest under SFM Plans
Number of SFM-related research projects
initiated and/or completed by type
Applied social and natural science research
which addresses issues of local and regional
significance
Extension
Capacity to conduct and apply research and
development including the scientific
understanding of forest ecosystems...
Development of methodologies to measure
and integrate environmental and social costs
and benefits into markets and public policy
New technologies and the capacity to assess
the socio-economic consequences associated
with the introduction of new technologies
Enhancement of ability to predict impacts of
human intervention on forests
Capacity to conduct research and
development including the ability to predict
impacts on forests of possible climate change
Community participation in sustainable Forest
Management
Food price
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Technical
quality factors
Threats
regarding
public's
perception of
the product
Governance /
transparency
and
accountability
Working
transparently
with our
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commitment to long‐term economic viability
Account the full environmental, social, and
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ecological productivity
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Extent to which the economic framework
supports the management of forests through
Investment and taxation policies...
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supports Non-discriminatory trade policies for
forest products
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measuring, monitoring, and reporting on
indicators
Coverage, attributes, frequency, and
statistical reliability of forest inventories
Existence or a repeated forest inventory at
the scale of the province
Capacity to measure and monitor
changes...including the availability and extent
of up-to-date data
Cost of acquiring data or level of access fee
for forest inventory information
Scope, frequency and statistical
Minimise waste associated with harvesting
and on-site processing operations and avoid
damage

Fully available information on the use of
technologies in, unless limited by national law
or international agreements on intellectual
property
Demonstrate a long-term commitment
Strive to strengthen and diversify the local
economy, avoiding dependence on a single
product.
Make a summary of the primary elements of
the management plan publicly available
Provide documentation to enable monitoring
and certifying organizations to trace each
product from its origin, a process known as
the "chain of custody."
Make a summary of the results of monitoring
indicators publicly available

Reference
discussing the
sustainability
parameter

Case study
using the
sustainability
parameter

[15]
[14]
[14]
[19]
[19]
[19]
[19]
[19]
[19]
[19]
[19]

[14]

[15]
[14]
[14]
[14]
[14]
[14]

REFERENCES
1.
2.

Lindner, M., et al., ToSIA - A Tool for Sustanability Impact Assessment of Forest-Wood Chains. 2008.
Pennington, D.W., et al., Life cycle assessment Part 2: Current impact assessment practice. Environment
International, 2004. 30(5): p. 721-739.
17

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Rebitzer, G., et al., Life cycle assessment Part 1: Framework, goal and scope definition, inventory analysis,
and applications. Environment International, 2004. 30(5): p. 701-720.
Saling, P., et al., Eco-efficiency analysis by BASF: The method. International Journal of Life Cycle Assessment,
2002. 7(4): p. 203-218.
Edana. Sustainability Report: Absorbent Hygiene Products 2007-2008. 2008 [cited 2009 20th of March];
Available from: www.edana.org.
Aumonier, S. and M. Collins, Life Cycle Assessment of Disposable and Reusable Nappies in the UK. 2005,
Environment Agency.
Immink, H., Polymer produced from biomass: Is it Sustainable? Based on the life cycle of the diaper system, in
Department of Technical Environmental Planning. 1999, Chalmers University of Technology: Göteborg. p. 73.
Svensson, S., Miljökriterier för blöjor och liknande produkter. 1994, Projekt handla miljövänligt,
Naturskyddsföreningen.
Wijkmark, J., Blöjor och miljö - en miljögranskning av sju olika sorters barnblöjor. 2004, VERNA Ekologi AB.
Hakala, S., et al., Life-cycle assessment, comparison of biopolymer and traditional diaper systems. 1997, VTT
Chemical Technology and Neste Corporation. p. 91 + app.
Andersson, K., et al., The feasibility of including sustainability in LCA for product development. Journal of
Cleaner Production, 1998. 6(3-4): p. 289-298.
Gnansounou, E., et al., Life cycle assessment of biofuels: Energy and greenhouse gas balances. Bioresource
Technology, 2009. 100(21): p. 4919-4930.
Tufvesson, L.M. and P. Börjesson, Wax production from renewable feedstock using biocatalysts instead of
fossil feedstock and conventional methods. International Journal of Life Cycle Assessment, 2008. 13(4): p.
328-338.
Forest Stewardship Council, FSC Principles and criteria for forest stewardship in FSC-STD-01-001 (version 4-0)
EN, F.S. Council, Editor. 1996.
RSB. Global principles and criteria for sustainable biofuels production Version Zero. 2008 [cited 2009 29 of
Oct]; Available from: http://cgse.epfl.ch/page65660-en.html.
Johnson, E. and R. Heinen, Carbon footprints of biofuels & petrofuels. Industrial Biotechnology, 2008. 4(3): p.
257-261.
Walter, C. and H. Stützel, A new method for assessing the sustainability of land-use systems (I): Identifying
the relevant issues. Ecological Economics, 2009. 68(5): p. 1275-1287.
Walter, C. and H. Stützel, A new method for assessing the sustainability of land-use systems (II): Evaluating
impact indicators. Ecological Economics, 2009b. 68(5): p. 1288-1300.
SFM. Sustainable forest management - indicator knowledge base. 2009 [cited 2009 6th April]; Available
from: www.sfmindicators.org.
Mattsson, B., C. Cederberg, and L. Blix, Agricultural land use in life cycle assessment (LCA): Case studies of
three vegetable oil crops. Journal of Cleaner Production, 2000. 8(4): p. 283-292.
MEA, Ecosystems and human wellbeing. Biodiversity synthesis., M.E. Assessment, Editor. 2005: Washington.
Berndes, G., M. Hoogwijk, and R. van den Broek, The contribution of biomass in the future global energy
supply. Biomass & Energy 2003. 25(1-28).
Schmidt, I., et al., SEEbalance ®: Managing sustainability of products and processes with the socio-ecoefficiency analysis by BASF. Greener Management International, 2004(45): p. 79-94.
Banse, M., P. Nowicki, and H.v. Meijl, Why are current world food prices so high? 2008, LEI Wageningen UR:
Wageningen, The Netherlands.
Mathews, J.A., Biofuels: What a Biopact between North and South could achieve. Energy Policy, 2007. 35: p.
3550-3570.
OFID, Biofuels and Food Security. Implications of an accelerated biofuels production., in OFID Pamphlet Series
38 (2009) S.o.t.O.s.p.b. IIASA, Editor. 2008. p. 42.

18

Paper I

Accepted manuscript

Changing from petroleum to wood-based materials:
critical review of how product sustainability
characteristics can be assessed and compared
Gunilla Clancy1, Morgan Fröling2 and Magdalena Svanström1
1

Chemical Environmental Science, Chalmers University of Technology, Göteborg, Sweden

2

Ecotechnology and Environmental Science, Mid Sweden University, Östersund, Sweden

E-mail contact: clancy@chalmers.se

Abstract
This paper reports on a literature survey on available approaches for the assessment of
product sustainability, with a specific focus on assessing the replacement of non-renewable
petroleum-based materials with renewable wood-based materials in absorbent hygiene
products. The results are contrasted to needs in a specific material development project.
A diverse number of methods exist that can help in assessing different product
sustainability characteristics for parts of or whole product lifecycles. None of the
assessment methods found include guidelines for how to make a case-specific
interpretation of sustainability and there is a general lack of assessment parameters that can
describe considerations in the comparison between the use of wood or petroleum as main
raw material. One reason for this is lack of knowledge and/or consensus on how to describe
and assess impacts of land and water use, e.g. on ecosystem services, different types of
resource depletion and social impacts.

Keywords
Non-renewable resources, Renewable resources, Sustainability assessment, Life cycle perspective,
Sustainable resource management, Material development, Diaper, Nappy, Absorbent hygiene
product

1. Introduction
Due to different concerns, such as diminishing reserves of non-renewable resources and
increasing evidence of climate change related to emissions of green house gases (GHGs),
many companies are shifting from non-renewable to renewable material resources,
expecting that this will result in more sustainable products. However, the sustainability of
products is a complex issue that depends on numerous factors; renewability and climate
change are only two of these. Changing from a non-renewable to a renewable raw material
does not automatically mean that the product will become more sustainable. The material
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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from a renewable resource might, for instance, need more energy in the production stage,
or more material might be required for the final product to fulfil its function in a
satisfactory way, than if a non-renewable material resource had been used; a situation that
has been discussed rather extensively in relation to biofuels, e.g. ethanol (Farrell et al., 2006;
Fehrenbach et al., 2008). Therefore, in the short- to mid-term, before we actually run out of
a specific fossil resource, it might in some cases be a better choice to continue to use the
fossil resource until suitable materials, improved technologies, or new use patterns have
been developed. In fact, it comes down to how ‘sustainability’ is interpreted in each specific
comparison.
With increasing competition for resources following increasing global consumption,
resource use needs to a greater extent be valued based on resource limitations and potential
competition from other areas of use. In the case of the non-renewable resource petroleum
versus the renewable resource wood as a raw material for different products, this could
come down to weighing the depletion of limited petroleum resources against increasing
land area requirements, including different impacts from the cultivation of wood resources
and direct and indirect impacts from land use change. In any such assessment, impacts
need to be related to the specific functions that are ultimately fulfilled in society by the
product; therefore, a life cycle perspective is necessary, with the product´s function as the
point of reference. This will ensure that sustainability impacts throughout the product´s
entire life cycle are considered and that changes that just shift the burden from one stage to
another can be avoided.
This study has been performed within the WooDi (the Wood Based Diaper) project, which
aims to develop wood-based materials that can replace petroleum-based materials in the
absorbent core of a diaper. The research project is a collaboration between industry and
university. The goal of the project is that a diaper containing the new materials should be
more sustainable than a reference diaper based on present technology. This calls for a
methodology that will allow assessing and comparing the sustainability impacts associated
with using these different resources in a product.
Munthe, in a report to the Swedish Agricultural Administration in 1997 (Munthe, 1997),
defined three questions that should be answered before any assessment effort is started:
- What concerns should be included?
- How should potential trade-offs between the concerns be made?
- How should uncertainties in the required information be handled?
Munthe argued that these questions need to be answered in order to ensure transparency
and to avoid being influenced by expected or desired results.
The same type of questions have also been highlighted by others in comparing products,
e.g. by Steen in 2006 (Steen, 2006), and they are most likely useful as a basis in any product
assessment. The three questions can be formulated in the following way for the WooDi
project: (1) What sustainability considerations are essential to include in the product
assessment, taking into account the specifics of the product systems under study and the
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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challenges that emerge in light of world development and the goal of sustainable
development (i.e. which assessment parameters are the most relevant to include)? (2) How
should potential trade-offs between these sustainability concerns be handled if the
compared sustainability profiles peak in different areas (i.e. what weighting factors should
be used)? and (3) How should the yet unknown final product and product system be dealt
with in a sustainability assessment?
Since the WooDi project deals with material development, many features of the final
product are still unknown, at least early on in the project. Over time, more characteristics of
the final product will be possible to estimate and the full product system will eventually be
possible to discern. Throughout this material development process, the sustainability
assessment approaches that are the most appropriate to employ will likely shift as the
needs of the project change. In order to ensure that the new product is developed to become
more sustainable than the reference product, the new ideas must, despite the original
uncertainties, be benchmarked to a reference product that already exists on the market. The
people making important choices in this process need therefore be guided through the
important considerations, starting with awareness-raising exercises and working towards a
quantitative to semi-quantitative comparison.
This paper reports on available literature on defining, assessing and comparing the
sustainability of products made from renewable (wood-based) respectively non-renewable
(petroleum-based) materials, specifically for products or activities that are of relevance for
the WooDi project, i.e. absorbent materials in diapers and other hygiene products.
Knowledge and methodology gaps that need to be filled in order for a sustainability
comparison to be performed within the WooDi project are discussed.

2. Research method
In order to provide information to the WooDi project, which aims at achieving a shift from
petroleum to wood as the material base for the absorbent core of an incontinence diaper, a
literature survey was carried out on available sustainability impact assessment approaches.
Besides creating an overview of existing assessment approaches that could prove useful in
the project, an emphasis was put on exploring which assessment parameters that have been
in actual use in assessing materials of fossil and biological origin and how these parameters
have been selected, in order to provide input to the comparative assessment that is to be
conducted within the WooDi project. By contrasting the results from the survey with the
needs of the WooDi project, existing gaps in knowledge and methodology were evaluated
and further steps that need to be taken were identified.
Regarding approaches and techniques for the assessment of environmental sustainability
from a systems perspective, an overview has been published earlier by other authors
(CHAINET, 2002). In the present paper, the investigation was narrowed down to what is
most urgently needed in the WooDi project, i.e. the state-of-the-art in terms of comparing
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the sustainability characteristics of products made from petroleum-based and wood-based
materials.
Figure 1 provides an overview of the ideas underlying the present study and the type of
results that will be reported on in this paper. Different approaches found in literature have
been classified according to the CHAINET nomenclature regarding assessment approaches
for the environmental dimension of sustainable development (CHAINET, 2002; Wrisberg et
al., 2002); ‘analytical approaches’ are mainly employed to assess the impact of a product
system, while ‘procedural approaches’ primarily focus on determining whether certain
requirements are fulfilled.

Figure 1. An overview of approaches and techniques discussed in this paper.

In Figure 1, the 'scope' summarises underlying theories and delimitations of this study, as
discussed in the previous section. In Section 3, analytical approaches that assess the life
cycle performance of products based on one or several environmental parameters are
reviewed, including issues related to weighting and also some analytical approaches with a
broader, more holistic, scope. In Section 4, procedural approaches such as certification
schemes for different resources and biofuels are reviewed. These often include assessment
parameters important for resource extraction or cultivation stages which are normally not
considered in e.g. life cycle assessments due to the difficulty in measuring things like
biodiversity and social progress. In Section 5, case studies, in which products with
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petroleum and biomass-based materials are compared and reviewed along with case
studies assessing diapers. Finally, in Section 6, an overview of sustainability assessment
parameters and their use is given and how the different analytical and procedural
approaches can be used in the WooDi project is discussed. Only approaches and results
relevant to the WooDi project are reported on, i.e. they deal with the sustainability
assessment of products and resources and provide input to making a comparison of the use
of petroleum and wood-based materials.

3. Analytical approaches for assessing the life cycle performance
of products
3.1. Environmental performance
Life Cycle Assessment (LCA) methodology is widely used to evaluate the environmental
performance of product systems. An LCA studies potential environmental impacts of a
product or service throughout its life, from resource acquisition through production, use
and waste management, by mapping and evaluating flows crossing the system boundary,
see for example Pennington et al. and Rebitzer et al. for a more thorough description of
LCA methodology (Pennington et al., 2004; Rebitzer et al., 2004). LCA is a standardised
method for the environmental assessment of products, included in the ISO 14040 series. An
LCA should include the whole life cycle and should look at as many environmental impacts
(ecological consequences, resource use and impacts on human health) as necessary to
comprehensively reflect the goal and scope of the study. In most cases, only a few selected
impact categories and a limited part of the total life cycle are considered. The goal and
scope definition is extremely important since the LCA will mainly answer the questions it is
designed to answer. Given that different LCAs have different objectives, it is often
impossible to directly compare their results. LCA approaches that focus on a specific
impact category are for example the Carbon Footprint (CF), the Water footprint (WF) and
the Material Input Per Service unit (MIPS).
Depending on the scope of the LCA, different modeling approaches can be utilized, and
this can strongly influence the results, for example if the study is attributional or
consequential, and how and to what extent system expansion has been used (Earles and
Halog, 2011). The system expansion methodology can add substantially to the
understanding of potential consequences of a proposed change, but at the same time, the
system model will be even more complex and often more difficult to grasp. For bio-based
materials, a relevant example is for land use. In an attributional study, the land that is
needed for the biomass production will be included together with any direct environmental
impacts from using the land. In a consequential study also indirect land use changes will be
included, e.g. when displaced activities lead to land use change in other areas (Earles and
Halog, 2011). It has been suggested that scenario modeling could support a consequential
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study in providing a more complete description of the potential consequences (Zamagni et
al., 2012).

3.1.1 Assessment of specific impact categories
For comparisons between products based on renewable and non-renewable resources,
there are some potentially relevant impact categories that have received special attention.
The Carbon Footprint (CF) is a concept that has gained interest in recent years, with the
increased public concern for climate change (Wiedmann and Minx, 2007). The CF reports
on the overall amount of carbon dioxide emissions and in more rigorous studies also other
GHG emissions (e.g. methane and nitrous oxide), associated with a product. Basically, it is
an LCA that focuses solely on carbon dioxide or on GHGs. Disparities in the definition of
this rather commonly used concept have led to standardisation efforts, resulting in the
British standard PAS 2050 (PAS 2050, 2008). Besides the GHG emissions from technical
activities during a life cycle, this standard includes how to calculate emissions from direct
land use change due to increased use of biomass resources. Direct land use change refers,
for example, to the conversion of non-agricultural land to agricultural land as a
consequence of increased production of agricultural products, which typically deteriorates
the carbon storage capacity of the soil. This is of great importance, e.g. for biofuel
production chains; failing to consider this might overestimate climate benefits (Bringezu et
al., 2009b; Börjesson and Tufvesson, 2011). If the biological feedstock is instead produced on
degraded soil, with low original carbon storage capacity, it can potentially contribute to an
improvement of the soil carbon storage capacity. The impact of indirect land use change,
i.e. land use change induced in other areas is, however, not yet included in PAS 2050. This
is due to the lack of data; otherwise very few CF analyses would be able to comply with the
standard. Efforts to account for indirect land use change can be found in the literature
(Cornelissen and Dehue, 2009; Gnansounou et al., 2008b; Searchinger et al., 2008). It is likely
that the new materials developed within the WooDi project will lead to an increase in the
use of forest biomass for incontinence protection and both direct and indirect land use
changes could be relevant to assess.
Awareness of that fresh water is a limited global resource has increased in recent years,
resulting in the concept of Water Footprint (WF). A product's WF is defined as the total
volume of fresh water used, directly or indirectly, to produce the product (Hoekstra et al.,
2009; Water Footprint Network). The WF of a product is divided into green, blue and grey
water, where green water refers to rainwater stored in the soil as soil moisture, used for
plant growth, blue water refers to surface and ground water for technical use in processes
or for irrigation, and grey water refers to polluted water and is defined as the volume of
freshwater needed to dilute the water to pollutant levels required by existing water quality
standards (Hoekstra et al., 2009). There are ongoing efforts to establish practises for how to
include water use in established LCA procedures, e.g. the WUCLA project within the
UNEP/SETAC Life Cycle Initiative (Kounina et al., 201X). In WooDi, the production of
wood-based materials is assumed to take place in the Nordic countries. Water is normally
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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not seen as a scarce resource in the Nordic countries, however, a small water footprint
could still be useful or even important when promoting the product in other countries.
Water pollution relating to both petroleum and wood acquisition as well as to different
production processes, might be important to include in the WooDi project and the
categories in the WF could prove useful as assessment parameters.
Material Input Per Service unit (MIPS) is a material flow accounting method with products or
services as study objects (Ritthoff et al., 2002). Impacts throughout the whole life cycle are
considered, however, MIPS focuses only on the input side. The argument is that all material
input will eventually become an output, e.g. waste or emission. Therefore, by measuring
the input, one can arrive at an estimate of the potential environmental impact. MIPS
calculates the use of resources from the point of their extraction from nature, i.e. the tonnes
of moved renewable raw materials, non-renewable raw materials, water or air. All material
consumption should be traced back to primary resource consumption. MIPS is unspecific to
particular materials and therefore does not include substance-specific hazards. For the
WooDi project, MIPS might be a method for early screening of the amount of renewable
and non-renewable resources used for the different diapers as well as one of the assessment
parameters in the final sustainability assessment, however, it has to be complemented with
parameters that can provide greater level of detail of the potential impacts of the input
flows and also of the output flows.
Biomass resource use has impacts on land resources, for example as occupied land area or
changes in soil quality. Since biomass resource use might increase if diapers, to a larger
extent, are produced from wood resources, this should be considered in the WooDi
sustainability assessment. In an LCA, the fact that land area is a limited resource is
generally not taken into account. If included, it is usually as land area occupation. The
ecological footprint (EF) is a related concept that includes not only the occupied land but also
involves a recalculation of other environmental impacts into potential land area occupation.
This concept will therefore be discussed further also in Section 3.1.2 as a weighting method
in LCA. Regarding land area, Helming et al. argue that even though land cannot be
depleted from a spatial point of view, the possibility for different types of use of the land
can be changed or depleted, hence land quality can be depleted (Helming et al., 2008). The
manner in which land is used, often referred to as land use (IPCC, 2000), is a parameter that
is rarely included in LCA studies, but the inclusion of impacts from land use into LCA has
been proposed by several researchers (Antón et al., 2007; Mattsson et al., 1998; Mendoza
and Martins, 2006; Michelsen, 2008; Swan, 1998; Vogtländer et al., 2004). In agricultural
production, land use can be considered a very significant impact category due to its
potential influence on soil quality and it has been applied in some studies of agricultural
products (Mattsson et al., 2000). Biodiversity is one area that is strongly affected by land
use, e.g. by loss, modification and fragmentation of habitats and the degradation of soil and
water (Foley et al., 2005; MEA, 2005). To include biodiversity as an assessment parameter in
LCA has been proposed, e.g. by Penman et al. (Penman et al., 2010), identifying the lack of
a common definition of biodiversity as a main reason for the absence of measurable
indicators. In order to include considerations of biodiversity in EF, a land area for
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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biodiversity protection can be set aside, for example the 12% used in the original EF
methodology presentation (Wackernagel and Yount, 1998) that was based on the
Brundtland commission recommendations in 1987 in the report Our Common Future
(WCED, 1987). The authors stated, however, that 12% might not be sufficient but they used
it as a politically achievable share. A more recent UN-hosted initiative from 2009, intended
to draw attention to the global economic benefits of biodiversity, suggests that a minimum
of 15% of global land areas should be protected (TEEB, 2009). Berndes et al. conclude that
how the use of land interacts with biodiversity, soil quality and global food, material and
energy production needs to be defined and parameterised (Berndes et al., 2003). A
proposed life cycle oriented approach that might be able to handle such issues is Eco-LCA
(Baral et al., 2012; Zhang et al., 2010). Eco-LCA includes emergy analysis in describing
consumption of natural resources such as ecosystem goods and services including
biodiversity.
One difficulty with the land use aspect is thus that in order to provide meaning, it needs to
be further parameterised into quantifiable entities regarding e.g. soil quality, biotic
production potential and biodiversity. These impacts often interact with each other and
how to quantify them in relevant ways will likely also vary with geographical conditions,
which makes the evaluation complex (Milà i Canals et al., 2007); a lot of local data would be
needed for the appropriate inclusion of land use in LCA. An LCA study that utilised
detailed and site-specific land use inventories in a study of three vegetable oil crops
highlighted erosion, soil organic matter, soil structure, soil pH, soil P and K status and
impacts on biodiversity as important land use aspects (Mattsson et al., 2000). A recent
review of developments in LCA stresses the need for further development on the impact
assessment of land use (Finnveden et al., 2009). In assessing the sustainability impacts of
the WooDi materials, land use and biodiversity issues should be addressed, but there is
presently a lack of ready-to-use methods for doing so.

3.1.2 Weighting
In comparisons of the performance of two products, unless one product performs better
than the other one for all selected assessment parameters, there is a need for the
aggregation of results into a more holistic measure. There are several different weighting
methods for environmentally related impacts with set weighting factors, commonly used in
the LCA society. Some examples are Ecoscarcity 97, EDIP, Ecoindicator 99 and EPS2000
(Baumann and Tillman, 2004). Different methods are based on different value-systems and
may provide different answers to which development routes are preferable. Finnveden
concluded in 1999 that there is no single available pre-made method with set weighting
factors that can be recommended, because they all suffer from different issues like
significant data gaps, inconsistencies, or lack of justification of important assumptions
(Finnveden, 1999). However, the use of weighting can still provide a greater understanding
of LCA results (Bengtsson and Steen, 2000).
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Several weighting methods available in literature include resource use in different ways.
One example is the monetary values used by the Environmental Priority Strategies (EPS)
method (Steen, 1999). Monetary values reflect the willingness to pay to safeguard the
subjects human health, biological diversity, ecosystem production capacity, abiotic
resources, and cultural and recreational values. The impact category for abiotic resources is
the depletion of abiotic reserves; weighting factors for non-renewable resources are based
on the cost of producing an equivalent amount from renewable resources and for
renewable resources, weighting factors are based on their market price.
Other weighting methods like CML 2000, ReCiPe and IMPACT 2002 include nonrenewable resources based on the ‘resource to use’ characterisation, where different
resources are related to each other based on the ratio of the present speed of consumption
over presently known reserves (European Commission, 2009a).
The EF methodology, estimating the biologically productive area needed to support current
consumption patterns (Holmberg et al., 1999; Wackernagel and Rees, 1996), has generally
been used for analysis of the impact of the consumption in nations and regions but can also
be used as a weighting method in LCA (Wackernagel and Yount, 2000). The EF is
calculated by translating all impacts from material and energy consumption and other
activities, and land occupation, of, e.g. a product, a household, a local community, a region,
or the whole of mankind, into area demand (measured in hectares). For example, a city not
only occupies the actual ground that is covered by buildings and infrastructure; it also
needs agricultural land, e.g. for food and fibre, sea area, e.g. for fishing, forest, e.g. to
produce wood-based products and to assimilate CO2 released from the combustion of
petroleum fuels, and so forth. Thus, besides the area directly occupied, the material and
energy use, and the generation of emissions and waste, have to be compiled and
recalculated into an EF area, generally by multiplying by a land need index (Wackernagel
and Yount, 1998). Such indices are calculated using LCA methodology. The EF thus
recalculates resource use into area use, but it only considers renewable resource
consumption. Including the consumption of non-renewable resources as an abiotic area use
has been proposed (Nguyen and Yamamoto, 2007). The suggested approach includes
resource depletion for metals but not for petroleum.
Some other methods do not include resource use, but instead rely on the assumption that
the resource issue will be solved by the market, i.e. the price will depend on the availability
of and the demand for the resource and therefore it does not need to be considered in the
environmental assessment (Udo de Haes et al., 2002). In those cases, resource depletion is
not seen as an environmental impact but rather as a social or economic one and is therefore
omitted.
When it comes to product development for sustainable development, a method is needed
that can guide in choosing resources that will not face severe restrictions exhibited by
limitations on nature or society in the future, where resource use and resource availability
will be different from today. There are many different methods and prototypes in diverse
niche areas for assessing future products’ or materials’ life cycles or parts of life cycles
http://dx.doi.org/10.1016/j.jclepro.2012.07.027

9

Accepted manuscript
(Finnveden and Moberg, 2005; Höjer et al., 2008; Robèrt, 2000), but case studies in which
they have been applied are rare.
It is generally recognised that the valuation element involved in weighting has to be based
on political, ideological and/or ethical values and that these are influenced by people's
perceptions and worldviews. Not only the individual weighting factors used in a specific
method, but also the choice of valuation methodology and even the choice to use a
weighting method at all, are influenced by fundamental ethical and ideological values
(Finnveden, 1997).
Weighting can be made based on the opinions of participants in a weighting process, often
with the major purpose of providing more structure and transparency to decision-making.
It also offers the opportunity to introduce qualitative data and data outside of the
environmental area. Multi Criteria Decision Analysis (MCDA) is such an approach (Mendoza
and Martins, 2006). MCDA can be used in multi-stakeholder discussions within a company
or project to derive at weighting sets and to illustrate the effects of different weighting sets.
In the WooDi project, the application of different weighting methods along with different
scenarios for the future can introduce different value-systems and a way to deal with
uncertainties about future world and product system development, and thereby provide a
more comprehensive understanding of the implications of the assessment results. The
weighting methods described above mainly deal with the environmental area and cannot
account for the broad range of sustainability parameters that will have to be dealt with in
the project, however, they can provide partial understanding of the potential impact. EF,
for example, might be relevant to use for initial screening and as an assessment parameter
in the final sustainability assessment, especially if the depletion of non-renewable resources
can be integrated. To introduce also qualitative parameters and other parameters than
environmental ones, MCDA can be useful. When used as a group process, it can also clarify
the trade-offs and the implications of gaps in information and knowledge to the
participants.

3.2. A different or broader scope of sustainability
Life Cycle Costing (LCC) is a method developed for assessing internal and external costs
related to a product over its entire life cycle (Woodward, 1997). Internal costs are company
costs, e.g. for research, development, planning, assets and operation and external costs are
related to, e.g. environmental impacts and social effects that today are costs for society
(Rebitzer and Hunkeler, 2003). An argument, other than social responsibility, for the
assessment of external costs is that they tend to become more and more internalised over
time as the awareness of impacts related to company activities increases, as has been the
case for, e.g. today’s environmental policy instruments regarding emissions, like carbon
trading. Any future-oriented assessment needs to anticipate potential upcoming costs or
impacts. In a review of the ways in which goal and scope are defined in LCC, it was found
that most LCC studies cover only a few parts of the whole life cycle and most often at a low
level of detail, i.e. a very limited type of future costs, like running costs and final waste
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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handling or demolition costs and rarely external costs (Korpi and Ala-Risku, 2008). LCC
could be useful in the WooDi project for comparing investments needed for alternative
solutions in material production and to gain a greater understanding of how product cost is
influenced by different impacts. The scope of the LCC could be enlarged and/or could
include more details as the project proceeds and more information on the product system
appears.
Social LCA is in an early stage of development compared to environmental LCA (Hunkeler,
2006; Kloepffer, 2008). Case studies are needed in order to develop the method further
(Benoît et al.). A review of Social LCA studies concluded that they rely on somewhat
different approaches, e.g. use either generic or site specific data and include different sets of
impacts, ranging from direct impacts on workers only, like rates of injury, to broader
societal consequences such as general support to developing countries (Jørgensen et al.,
2008). UNEP has published a report presenting a framework for the assessment of product
life cycle social impacts (Andrews et al., 2009). In this framework, social impacts are
consequences of positive or negative pressures on human well-beings from an
organisation’s activities. The UNEP framework divides social impacts into three areas,
based on what causes them: (1) social impacts caused by a specific behaviour or decision,
e.g. forbidding employees to form unions or allowing child labour, (2) social impacts
effected by socio-economic decisions, e.g. an investment decision to build infrastructure in
a community and (3) social impacts related to human and cultural capitals, e.g. activities to
improve education or health level (Andrews et al., 2009). Similar to environmental LCA,
Social LCA needs a considerable amount of data input. As presently used, Social LCA
mainly gathers information on organisational aspects at the enterprise or management level
throughout product life cycles. In product or material development, things like location of
production facilities, production volumes and customer response are often yet unknown
and thereby data for several social impacts are unavailable. Social LCA, as of today, is more
useful in later stages of product development when there is more information available
about the product system. However, it is an advantage to be aware of what it includes
throughout the whole development process so that development can be guided.
Life Cycle Sustainability Assessment (LCSA) has been suggested by e.g. CALCAS (Zamagni et
al., 2009) and the UNEP/SETAC life cycle initiative (Ciroth et al., 2011) to broaden the scope
of current LCA by for example combining environmental LCA, LCC and Social LCA into
an integrated assessment covering the three dimensions of sustainability. Case studies are
needed to develop the LCSA methodology.
SocioEcoEfficiency Analysis (SEEbalance) sets out to compare the sustainability of products
and processes from a holistic perspective (Kölsch et al., 2008; Saling et al., 2005; Schmidt et
al., 2004). It is a further development of the Eco-efficiency analysis, and it is developed and
used by the chemicals producer BASF (Saling et al., 2002). SEEbalance includes, in addition
to life cycle costs and life cycle environmental impacts, also social effects. The exact choice
of sustainability indicators has a considerable effect on the result, hence results from
different studies can normally not be directly compared (Lindner et al., 2010). Table 1 lists
examples of sustainability indicators used in the SEEbalance method. Note that the social
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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indicators are both positive and negative, whereas commonly used environmental impacts
are negative (a higher value would indicate a higher negative impact). The developers of
the SEEbalance methodology argue that a generally applicable set of indicators should be
strived for to facilitate the creation of databases. However, they claim that no standard set
of social indicators can be set up for the use stage of the product’s life cycle since this
depends on the product’s specific purpose, whereas the indicators for resource acquisition,
production, manufacturing and waste management can be the same for all products
(Schmidt et al., 2004). It is thus necessary to consider the effects of the use stage case by
case, in other words, the analyst needs to compile suitable assessment criteria and a
relevant way to quantify them. Results of investigated social indicators are eventually
aggregated based on two types of weighting factors: (1) the ‘relevance weighting factors’
which are evaluated for each analysis and reflect the examined product’s influence on
social issues on a national level and (2) the ‘societal weighting factors’ which are the same
for all analyses carried out in the same country within a comparable time period and
express a subjective assessment based on, e.g. public opinion polling and expert interviews
on the general importance of the different social issues with regard to sustainable
development (Saling et al., 2002). The same approach is used for environmental and
economic indicators. The aggregated environmental, economic and social indicators for
each studied alternative are normalised in relation to the least favourable result for the
indicator that is set to one, and plotted in a so called SEEcube with environmental impact,
costs and social impact on the three axes. Because of the uncertainties involved in the
analysis, a large difference between studied alternatives is needed to obtain a significant
result.
To our knowledge, no case studies are available in open literature in which SEEbalance has
been used and therefore, it is not possible to review how products based on petroleum oil
and wood biomass have been compared.
Table 1. Sustainability indicators suggested for SEEbalance analyses (Saling et al., 2002; Schmidt et al.,
2004) and for ToSIA (Lindner et al., 2008; Lindner et al., 2010). The text has been shortened in some cases;
see references for full lists.
SEEbalance environmental
indicators
Material consumption
• Raw material usage
Energy consumption
• Energy usage
Emissions to air, water and soil
• Global warming potential
• Ozone depletion potential
• Photochemical ozone creation
potential
• Acidification potential
• COD, BOD, N-tot, NH4+, P-tot,
AOX, heavy metals, HC, SO42-, Cl• Special waste

SEEbalance economic
indicators
Total costs
• Sales price

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

SEEbalance social indicators
Employees
• Occupational and commuting accidents
• Occupational diseases
• Wages and salaries
• Company benefits such as subsidies
• Expenditures for professional training
• Strikes and lockouts
Suppliers/business partners
• Freedom of association
• Discrimination
• Forced labour
• Child labour
End customers/consumers
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SEEbalance environmental
indicators
• House waste
• Building rubble
Toxicity potential
• LD50
Risk potential
• Workplace accidents
• Transportation accidents
• Abuse risks
• Plant safety
• Fire behaviour
• Land use
• Noise
• Quality defects

SEEbalance economic
indicators

ToSIA environmental indicators

ToSIA economic indicators

Total energy generation and use
• Renewable
• Non-renewable
• Electricity from the grid
GHG emissions & carbon stocks
Generation of waste
Water use
Soil, water and air pollution
Transport distance and freight
Forest biodiversity
Forest resources use

Gross value added
Productivity
Investment and R&D
Total production costs
• Raw materials from
forest wood chains
• Raw material from
outside forest wood
chains
• Labour costs
Energy costs

SEEbalance social indicators
• Toxicity potential
• Additional health risks (e.g. danger of accidents,
addiction)
• Extra benefits that enhance customer satisfaction
• Completeness and quality of product information
• Consumer labels (e.g. 'EU flower')
Neighbourhood and society
• Number of employees; unskilled workers; female
managers; disabled employees; part-time workers
• Company expenditures for family support
• Benefits for disadvantaged people due to product
quality
• Violation of ethical norms due to product use or
advertisement
• Potential of misuse of products (e.g. as a weapon)
• Potential of intensification of social and political
conflicts (e.g. due to changes of traditional
lifestyles)
Future generations
• Expenditures for R&D
• Capital investment
• Company expenditures for social security
• Number of trainees
International community
• Imports from developing countries
• Sum of import duties and export subsidies
(protectionism)
• Fair trade labels
ToSIA social indicators
Total employment
• Male
• Female
Total wages and salaries
• Male
• Female
Occupational safety and health
• Non-fatal accidents
Education and training

The sustainability assessment in the WooDi project aims to provide an answer to if the new
diaper with wood-based absorbent material is more sustainable than today’s containing a
petroleum-based absorbent material. SEEbalance aims for comparing the sustainability of
two products and could be used in comparing the final WooDi product to the reference
product. However, it is less useful during the WooDi product development stage when a
lot of features of the product system are unknown. The SEEbalance indication of relative
improvements can be used as one measure of more sustainable products (Dyllick and
Hockerts, 2002). In product development, an understanding of the sustainability
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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implications of different choices that can be made for a product system is needed, which
allows for rethinking the system and innovating towards a more sustainable product. The
SEEbalance tool does not presently provide any guidance on e.g. how to select parameters
and how to think about the future.
The assessment method and software Tool for Sustainability Impact Assessment (ToSIA) was
developed within the EU financed project Eforwood, specifically for sustainability impact
assessment of European forestry wood chains (Eforwood, 2009; Lindner et al., 2010;
Lindner et al., 2012). An example of a forestry wood chain is: stand generation, harvesting,
transport, pulping, paper-making and printing. The ToSIA tool is designed to answer
‘What if’ questions regarding impacts on sustainable development from the European
forestry wood chains. Some examples of such questions are: "How will the impact of a
specific forestry wood chain on sustainable development change if the price of petroleum
oil doubles?” or “...if new policies for habitat protection are introduced?". The end of Table
1 presents sustainability indicators and some sub-indicators included in the ToSIA
software, as reported by Lindner et al. (Lindner et al., 2008; Lindner et al., 2010).
If needed, additional indicators can be defined and introduced into the ToSIA software. A
cost-benefit analysis tool, in which all indicators' values are converted into Euros and a
certain multi-criteria analysis (MCA) procedure, are available in ToSIA. In the MCA
procedure proposed, a panel of stakeholders can suggest weighting factors as indicators
and rank alternatives to illustrate the effect on the results of applying different valuesystems.
The ToSIA methodology can be used both in the sustainability assessment of products and
in comparisons of products. It is currently not possible in ToSIA to compare a wood-based
value chain with a competing material chain, e.g. one based on petroleum. However, it
would be possible to expand and develop further the methodology for other resource value
chains. Sets of indicators developed for ToSIA could be helpful as input in developing caserelevant assessment parameters for the WooDi project. The cost-benefit analysis and MCA
tools in ToSIA can be useful in aggregating and interpreting results from assessments
within WooDi. ToSIA case studies have been reported, assessing for example forest
management, harvesting, logging and transport processes in forest wood chains in
European countries (Berg et al., 2012; Chesneau et al., 2012; Wolfslehner et al., 2012).
Interesting specifics for forest management practices are described, but these are not of
direct use for the purpose of this study.

4. Procedural approaches for assessing resource management
4.1. Forestry
Increased use of biological resources will likely lead to impacts on e.g. biodiversity and
cultural values of land. There are systems, to be used by forest owners, that guide towards
more sustainable forest management, e.g. the Forest Stewardship Council (FSC)
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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certification (Forest Stewardship Council, 1996) and the Programme for the Endorsement of
Forest Certification (PEFC) scheme (PEFC, 2010). Requirements within such systems
include a broad set of aspects aimed at the sustainable management of forest resources.
However, they do not take into consideration how the resources are later used in different
products. These systems generally are on/off systems - you either fulfil the requirements of
the system or you do not – and are thus not directly comparable to approaches like LCA or
EF that, in contrast, give better/worse results on a continuous scale. The scope of this kind
of system can be understood by looking for instance at the eight sustainability indicator
categories suggested by the Sustainable Forest Management Laboratory (SFM, 2009):
Conservation of biological diversity, Maintenance of productive capacity of forest
ecosystems, Maintenance of ecosystem health and vitality, Conservation and maintenance
of soil and water resources, Maintenance of forest contribution to global carbon cycles,
Maintenance and enhancement of socio-economic benefits, Cultural, social and spiritual
needs and values and Legal, institutional and economic framework.
FSC certification was introduced in 1993. An investigation of its progress concludes that the
original intention to save tropical biodiversity through certification has failed and most
certified areas are in Europe and only 10% are located in tropical countries (Rametsteiner
and Simula, 2003). The certification has been very successful, however, in raising awareness
and knowledge levels regarding sustainable forest management. As continuous
improvement is built in to the certification system, forest management is continuously
improved in each certified area. The management systems do not, however, guarantee
sustainable forest management, but work in the direction of more sustainable forest
management.
FSC certification and PEFC are both international systems and both systems allow for some
adaptation to national conditions in consultation with different stakeholders. This is carried
out differently in the two systems; FSC is centralised and based on international indicators
while PEFC is decentralised and based on regional guidelines. This means that FSC is more
similar around the world than PEFC. On the other hand, PEFC is, due to its regional
adaptation, more flexible and can address local issues, like particular plants and animals
due to special geographical conditions. FSC certification is adapted to national and subnational indicators in each country via negotiations with different stakeholders like state
agencies, forest owners, non-governmental organisations and different types of local
communities. FSC certifications can therefore take into consideration national matters such
as specific laws or native people’s cultures. However, even though forests are highly
diverse around the globe, FSC certifications do not include considerations of variations in
local geographical conditions. PEFC also applies a multi-stakeholder approach and
therefore varies between regions, sometimes also within counties; PEFC criteria are, for
example, different for the north and the south of Sweden. Since both FSC and PEFC take
into account the different interests of several stakeholders, trade-offs between different
interests are necessary. Originally the PEFC system had its main focus on small-scale
forestry owners while the FSC system focused on large-scale owners, but today it is
possible to hold an FSC/PEFC dual certification.
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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For both FSC certification and PEFC in Sweden, at least 5% of the land area used for
forestry should be set aside for biodiversity protection. In practice, this generally translates
into the 12% earlier discussed, regarding EF and the Brundtland commission
recommendation, after the addition of other land that should be set aside, according to the
certification schemes, such as border zones alongside roads and lakes to avoid erosion and
to secure water quality when harvesting. Neither of the certification schemes have systems
for handling local variations potentially of great importance for biodiversity on a local
level, like snags of different species and the number of windfalls that should be left.
It has been suggested that aesthetic values should be included in the assessment of the
utilisation of forest resources (Panagopoulos, 2009). This would require new forest
management standards and a way to estimate the public opinion of forest aesthetic values.
For the WooDi project, the share of the forest area that is certified by FSC and/or PEFC
could be used as an assessment parameter indicating an acceptable level of resource
management, including, e.g. responsibility for biodiversity, at least until more detailed
indicators can be developed.

4.2. Petroleum oil extraction
Regarding petroleum oil extraction, no sustainable management systems comparable to the
forest management systems have been found. There are some recommendations from the
Energy and Biodiversity Initiative, consisting of leading conservation organisations and
energy companies, that point to issues similar to those in the forest management systems,
e.g. to include the conservation of biodiversity in strategies for petroleum and gas
exploration and processing (EBI, 2003). As for all other sectors, there are Quality
Management Systems, such as the ISO 9001:2008, that can be applied to petroleum oil
extraction. There are also different technical standards for certain activities and products
and fuel standards (ASTM, 2009), but no standard with the main aim of resulting in longterm sustainable petroleum extraction and management.

4.3. Biofuels
Biofuels are not of direct interest in the WooDi project since what is studied is a woodbased material that is to be used in the absorbent core of an incontinence diaper. However,
management systems for other products that are bio-based and that compete with nonrenewable materials might provide valuable information on important considerations in
the comparison, especially if they include an attempt to compare the use of wood and
petroleum.
With the increasing interest in biofuels, certification schemes have been discussed. In 2006,
Smeets et al. suggested a certification system for sustainable ethanol production,
recommending that e.g. soil quality, erosion prevention, biodiversity preservation,
reforestation, local food security and land use competition should be considered (Smeets et
al., 2006). The Roundtable on Sustainable Biofuels (RSB) is an international initiative
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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involving farmers, companies, non-governmental organisations, experts, governments and
inter-governmental agencies. In 2008, the RSB released its first draft of a generic standard
for sustainable biofuels production (RSB, 2008). The RSB standard includes requirements
for areas similar to the criteria suggested by Smeets et al. The draft is a starting point for
greater awareness and enables a move towards more sustainable production and was not
developed to compare biofuels but rather to give credibility to the biofuel producer.
In 2008, an analysis was presented of 20 different certification systems for biofuels from
agricultural and forestry products. In the study, Fehrenbach and co-workers concluded that
environmental indicators like energy balance, GHG emissions in the biofuel production
chain and waste management were only rarely dealt with and that competition for land
area, food safety and usage of the products were not addressed at all in any of the 20
certification systems (Fehrenbach et al., 2008). A number of the aspects that where included,
like the conservation of biodiversity, still lacked measurable indicators. The UNEP
Resource Panel reports similarly on the global situation of assessing biofuels, and also
highlights the importance of including not only global warming but also eutrophication
and acidification in comparative assessments of biofuels from energy crops and fossil fuels
(Bringezu et al., 2009a). A similar conclusion, that generally very few environmental impacts
are actually assessed, is also reported in a review of 47 life cycle based studies comparing
bio-ethanol systems to conventional fuel; generally only GHGs and net energy were
considered (von Blottnitz and Curran, 2007).
A review of accounting approaches for quantifying GHG emissions relating to direct land
use change and indirect land use change from biomass has been reported (Fritsche et al.,
2010). The review focuses on discussions on options for reducing indirect land use change
and recommendations for inclusion of land use change in bioenergy and biofuel policies.
The EU directive on renewable energy of 2009 includes guidelines for how to calculate
impacts of GHG emissions of biofuels and points out biodiversity as an important factor to
consider (European Commission, 2009b).
In terms of biodiversity protection, a risk minimisation strategy in biomass use has been
suggested in a strategy for certification of biomass in international trade (U. R. Fritsche et
al., 2010). The strategy addresses three core issues 1) Conservation of land with a significant
biodiversity value, 2) Minimizing negative effects from indirect land use change and 3)
Agricultural practices with low negative effects on biodiversity.
In a study of ranking sustainability criteria for bioenergy systems, experts expressed a
concern on the lack of holistic view in the sustainability assessment framework i.e. a lack of
understanding of how the parameters together build a relevant parameter set that answers
the question at hand (Buchholz et al., 2009). To create such a holistic overview, Buchholz
suggested using participatory exercises, i.e. including various stakeholders’ voices and
values, such as the earlier described MCDA method, since that has proven useful on
complex issues in fields related to bioenergy.
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For the WooDi project, the described systems provide examples of areas to include and
indicators and methods that can be applied, however, the lack of measurable indicators
within some important areas will have to be dealt with.

5 Case studies - comparisons of products derived from
petroleum and biomass
5.1 Agrofuel and petrofuel
A large part of the scientific discussion on fossil versus biological resources has, so far, been
focused on future fuels for transportation. There is vast literature on assessment of
agrofuels and other first-generation biofuels, including comparisons with petrofuels. Most
such studies have focused on the assessment of GHG emissions, often referred to as the CF.
Examples of recent such studies have been reported by Edwards et al. in 2007, by Johnson
and Heinen in 2008 and by Gnansounou et al. in 2009 (Edwards et al., 2007; Gnansounou et
al., 2009; Johnson and Heinen, 2008). More seldom such studies include comparisons of
effects on e.g. ecosystem quality, employment and economy. Dominguez-Faus et al., for
example, point out that the effect on water security is seldom included and suggest the use
of WF in the evaluation of biofuels (Dominguez-Faus et al., 2009).
The EF was used to assess different biofuels in a study reported by Stoeglehner and
Narodoslawsky in 2009 (Stoeglehner and Narodoslawsky, 2009). The study concludes that
EF analyses can be used to identify trends in land use demand for different scenarios. This
information can then be used as a basis for further discussion about dedicating land to
biofuels and other products.
It has been shown by the International Institute for Applied Systems Analysis, on behalf of
the OPEC Fund for International Development, that national policies that strive towards
increasing agrofuel production capacity can conflict with goals regarding food security
(OFID, 2008). The same study concludes that agrofuels only contribute to modest increases
in agricultural value in developing countries and also create additional risks of
deforestation and other threats to biodiversity. Others acknowledge that improvements are
needed in policies and technology in order to meet global demands for both food and
biofuel feedstocks (McNeely et al., 2009; Tilman et al., 2009). The same argumentation
should be applicable to an increase in the overall use of biomaterials in society, which could
be one of the results of turning to wood-based diapers.

5.2 Diapers
Earlier assessments of diapers are of particular interest for the WooDi project. Life cycle
environmental impacts of different types of diapers have been investigated in several
studies (Aumonier and Collins, 2005; Edana, 2008; Hakala et al., 1997; Immink, 1999;
Svensson, 1994; Wijkmark, 2004), but no studies have been found with the specific goal of
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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comparing the use of materials with different resource bases in the diapers. The studies
compare different brands and types of disposable and reusable diapers and have different
scopes. In none of the studies is one alternative clearly superior or inferior to the others in
terms of their environmental performance. The life cycle stages that give the largest impacts
differ between different diaper types.
In an LCA study of disposable diapers, home laundered flat cloth diapers and
commercially laundered prefolded cloth diapers delivered to the home, commissioned by
the UK Environmental Agency in 2009 non-renewable resource depletion, acidification and
climate impacts were the most significant categories when normalised to total European
impacts (Aumonier and Collins, 2005). The assessment also considered ozone depletion,
photo-oxidant formation, eutrophication, human toxicity and aquatic and terrestrial
toxicity, but did not include impacts such as land use and impacts on biodiversity by each
system. Impacts from waste management did not contribute substantially to the overall
totals for any of the systems, although the proportion contributed by waste management
not surprisingly is greater for the disposable diaper system than for the two reusable diaper
systems. The results suggest that the focus for improving the environmental performance of
disposable diapers should be on improvements in materials manufacturing and weight
reduction and for reusable diapers, on reducing energy consumed during washing and
drying. For the WooDi project, this suggests that apart from changing to a renewable
material base, it is important to achieve a resource efficient material production stage as
well as ensure that material function is not deteriorated to avoid the need for more
material.

6. Overview of results and future outlook
That a material is “bio-based” is sometimes seen as a sustainability attribute in itself, but in
a world with increasing competition for biomass resources, “bio-based” will not be enough.
To include the scope of considerations that a holistic sustainability perspective requires,
assessment parameters for many different areas should be used. However, in order to make
the work load manageable, a selection that reflects the most important sustainability
considerations for a specific case has to be made. The selection of assessment parameters
and the weighting factors applied in later stages of the assessment should reflect the
potential significant influence on sustainable development of the specific product systems
at hand. In literature, a number of aspects to be evaluated in a sustainability assessment are
proposed, both regarding environmental, social and economic matters. In Table 2, ten
example areas are listed for which different sustainability parameters have been suggested,
together with examples of how these can be expressed. The areas in Table 2 were selected
because they have a clear connection to the comparison that is in focus in this study
between the use of petroleum and renewable wood as the material base for products.
However, other aspects than those listed may prove to be relevant and Table 2 should be
seen as an illustration of suggestions from available literature rather than a
recommendation.
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Table 2. Ten different areas potentially important to include in a sustainability comparison between the
use of petroleum- and wood-based materials in products. These areas have been suggested or used in
different assessments in literature.

Environmental

Sustainability aspect

Examples of
assessment
parameters for
the aspect

Examples of
methods or
initiatives
that include
the aspect
LCA, Ecoefficiency,
SEEbalance,
ToSIA

Depletion of
nonrenewable
petroleum
resources*

Petroleum usage
(m3)

Occupation of
land area

Land area usage
(hectare)

Ecological
footprint,
LCA, Ecoefficiency,
SEEbalance

Emissions to
air of
greenhouse
gases

Global warming
potential (kg CO2
eq.)

LCA, Carbon
footprint,
ToSIA, Ecoefficiency,
SEEbalance

Emissions to
air (other
than
greenhouse
gases), water
and soil

Acidification
potential (kg SOx
eq.),
Photochemical
ozone creation
potential (kg
ethene eq.),
Eutrophication
potential (kg
PO43- eq.)
Number of
species per m2,
Population of
each species per
m2.

LCA, RSB**,
ToSIA, Ecoefficiency,
SEEbalance

Impact on
biodiversity

Forest
certifications,
RSB**, some
specific LCAs,
ToSIA
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Examples of studies in literature
that present or suggest the
aspect, but do not use it
(Andersson et al., 1998; Aumonier
and Collins, 2005; Baumann and
Tillman, 2004; Edana, 2008;
Gnansounou et al., 2009; Hakala
et al., 1997; Helming et al., 2008;
Immink, 1999; Lindner et al., 2010;
Svensson, 1994; Tufvesson and
Börjesson, 2008; Walter and
Stützel, 2009, 2009b; Wijkmark,
2004)
(Banse et al., 2008; Baumann and
Tillman, 2004; Berndes et al.,
2003; Gaia Foundation et al.,
2008; Graymore et al., 2008;
Helming et al., 2008; Holmberg et
al., 1999; Mathews, 2007; Nguyen
and Yamamoto, 2007; OFID, 2008;
Rathmann et al., 2010;
Stoeglehner and Narodoslawsky,
2009; Wackernagel and Yount,
1998, 2000; Walter and Stützel,
2009, 2009b)
(Aumonier and Collins, 2005;
Baumann and Tillman, 2004;
Fehrenbach et al., 2008;
Gnansounou et al., 2008a;
Gnansounou et al., 2009; Helming
et al., 2008; Johnson and Heinen,
2008; PAS 2050, 2008; RSB, 2008;
Walter and Stützel, 2009, 2009b)
(Baumann and Tillman, 2004;
Helming et al., 2008; RSB, 2008;
Walter and Stützel, 2009, 2009b)

(Aumonier and Collins, 2005;
Baumann and Tillman, 2004;
Berndes et al., 2003; EBI, 2003;
Fehrenbach et al., 2008; Garraín et
al., 2007; Helming et al., 2008;
MEA, 2005; OFID, 2008; RSB,
2008)

Examples of
product
assessments in
literature that use
this aspect
(Andersson et al.,
1998; Aumonier
and Collins, 2005;
Gnansounou et
al., 2009; Hakala
et al., 1997;
Immink, 1999;
Svensson, 1994;
Tufvesson and
Börjesson, 2008)
(Nguyen and
Yamamoto, 2007;
Stoeglehner and
Narodoslawsky,
2009)

(Aumonier and
Collins, 2005;
Gnansounou et
al., 2008a;
Gnansounou et
al., 2009; Johnson
and Heinen, 2008)
(Mattsson et al.,
2000)

(Mattsson et al.,
2000)
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Sustainability aspect

Operating
costs

Economic

Assets needed

Social

Impacts on
health or
safety
Impacts on
surrounding
communities,
culture and
recreation

Adherence to
social rights

Examples of
assessment
parameters for
the aspect
Cost of raw
material, Cost of
energy, Cost of
labour
Capital
investment,
Investment in
research,
development,
increased
capacity and use
of new and
improved
technologies
Number of sick
days, Number of
severe accidents
Respect for
existing water
rights,
Opportunities for
employment,
training and
other services,
Participation of
women, Poverty
alleviation in
specific regions
Equal
remuneration for
work of equal
value, Protection
of the right to
organise

Examples of
methods or
initiatives
that include
the aspect
LCC, ToSIA,
SEEbalance,
Eco-efficency

Examples of studies in literature
that present or suggest the
aspect, but do not use it

LCC, ToSIA,
SEEbalance,
Eco-efficency

(Schmidt et al., 2004; SFM, 2009)

Not found

ISO 9001, Ecoefficiency,
Social LCA,
SEEbalance,
ToSIA
Forest
certifications,
RSB**,
SEEbalance

(Hunkeler, 2006; Walter and
Stützel, 2009, 2009b)

Not found

(Baumann and Tillman, 2004;
Fehrenbach et al., 2008;
Forest Stewardship Council, 1996;
Gaia Foundation et al., 2008; OFID,
2008; RSB, 2008; Steen, 1999;
Walter and Stützel, 2009, 2009b)

Not found

Forest
certifications,
RSB**, Social
LCA,
SEEbalance

(Fehrenbach et al., 2008;
Forest Stewardship Council, 1996;
Hunkeler, 2006; RSB, 2008)

Not found

(Forest Stewardship Council, 1996;
Lindner et al., 2010; PEFC, 2010;
Saling et al., 2002; SFM, 2009)

Examples of
product
assessments in
literature that use
this aspect
Not found

* could alternatively be seen as an economic or even a social aspect
** RSB – Roundtable on Sustainable Biofuels

Table 2 also shows that while a lot of sustainability assessment parameters are discussed in
literature, only a few, predominantly environmentally related ones, have so far been in
actual use in case studies. One important reason for the present lack of assessment
parameters is the difficulty in formulating assessable indicators that describe social
interactions and impacts on ecosystem services such as biodiversity.
There is a need for methods that can assess and compare the depletion of petroleum
resources and limitations in terms of land area, and other aspects that relate to the
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management of land, within the same comprehensive framework. Assessment parameters
that describe these and other resource limitations are needed.
A sustainability assessment has to be based on a case-specific interpretation of important
sustainability considerations and this has to be translated into a set of assessment
parameters. Parameters then have to be assessed and aggregated into a holistic
understanding of the sustainability performance, with opportunities to compare the
sustainability profile of different products, also when the sustainability profiles peak in
completely different areas. In the WooDi project, there is thus a need for a description of
what is meant by sustainability, and a comprehensive set of parameters that cover the most
important sustainability considerations. Many different sources of knowledge will have to
be consulted, such as literature and different stakeholders in the value chain. Furthermore,
a somewhat iterative approach is needed since some assessment parameters will have to be
assessed in a preliminary screening before their potential relative importance can be
understood.
Table 3 contains a summary of elements, found in different methods described in literature,
which can be of use in the product sustainability assessment throughout the material
development process in the WooDi project. The analytical approaches for assessing and
comparing product sustainability are often not intended to cover the full range of
potentially important sustainability aspects; they typically focus on selected aspects, e.g. on
the CF (GHG emissions) of products and activities. The procedural approaches commonly
contain targets or criteria that represent an acceptable level or outcome for each parameter.
Most certification systems, e.g. FSC certification, only consider the management of the
resources but do not consider the use of the product and how it is produced and therefore
do not have a life cycle perspective. However, requirements within such systems often
include a broad set of sustainability aspects.
Table 3. Overview of how elements of different methods can be of use in the sustainability assessment in
the WooDi project
Method/approach/system

Description/Impact
considered

To keep in mind

Usefulness for WooDi project

Life Cycle Assessment (LCA)
in general

Environmental impacts
over the entire life cycle

• Only environmental
performance
• Different weighting
methods emphasise
different concerns
• Different LCA studies
are not comparable
due to different goal
and scope

Carbon Footprint (CF)

GHG emissions (climate
change) over the entire
life cycle

• Indirect land use not
included

• LCA methodology can be
useful in the sustainability
assessment
• Common impact categories
can be used as a basis for
selection of case relevant
environmental assessment
parameters
• Case studies provide
understanding of dominant
parameters and activities
• As one of the sustainability
aspects in a sustainability
assessment
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Method/approach/system

Description/Impact
considered

To keep in mind

Usefulness for WooDi project

Water Footprint (WF)

Fresh water used,
directly or indirectly, to
produce a product
(scope is generally
cradle-to-gate)

• As one of the sustainability
aspects in a sustainability
assessment

Material Input Per Service
unit (MIPS)

Amount of resource
input (resource
consumption) over the
entire life cycle

• Water in the product’s
use stage is generally
not included in the WF
of the product, but in
the WF of the
consumer using the
product
• Unspecific to
particular materials as
well as substance
specific hazards

Ecological Footprint (EF)

Estimate of land area,
directly and indirectly,
over the entire life cycle

Life Cycle Costing (LCC)

Internal and external
costs over the entire life
cycle

Social LCA

Social impacts over the
entire life cycle

SEEbalance

Comparing
sustainability of
products and processes
over the entire life cycle

• Assesses, as presently
set up, the relative
impacts, comparing
two or several
product alternatives
and therefore
provides only limited
input on potential
improvements

ToSIA - A Tool for
Sustainability Impact
Assessment of ForestryWood Chains

Sustainability
assessment software,
developed for European
forestry wood chains

• Case-relevant
sustainability
parameters for the
diapers need to be
defined and if
necessary introduced

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

• At present, methods
for translating
consumption of nonrenewable resources
into EF are lacking
• As most often used,
LCC only includes a
very limited type of
future costs and rarely
external costs. For a
sustainability
assessment, more
complete types of LCC
should be employed
• The scope varies from
impacts on workers
only to broader
societal consequences
like support to
developing countries

• As a rough estimate of
resource use
• As one of the assessment
parameters in a
sustainability assessment
• As an initial screening
• As one of the assessment
parameters in a
sustainability assessment
• To estimate investments
needed for alternative
solutions to material
development
• As one of the sustainability
aspects in a sustainability
assessment
• To give awareness of what
social impacts that may arise
during the whole
development process so that
development can be guided,
however, in early product
development, when many
features of the product
system are unknown, a focus
on the use and production
stages is suitable
• As inspiration when defining
case relevant social,
environmental and
economic parameters
• For comparing the
sustainability of the
products in the final
assessment; requires that
the parameters and the
weighting method have
been adapted to the case
• As inspiration when defining
case relevant parameters for
the forestry wood chain
• As a software tool for
managing the WooDi
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Method/approach/system

Description/Impact
considered

Forest certifications

FSC and PEFC
certification are based
on compliance to
performance standards

Petroleum oil certifications
and standards

Certifications and
standards for quality
management like ISO
9001:2000 and CEN/TC
12

To keep in mind

Usefulness for WooDi project

into the system
• Consider the
management of
resources but not the
use of the product
and how it is
produced, i.e. do not
have a life cycle
perspective
• Developed to aid in
compliance to laws
and to facilitate
exchange of
equipment, not for
moving towards
sustainability

sustainability assessment
• As a control parameter, e.g.
compliance with FSC
certification or not

• As a control parameter, e.g.
for compliance with laws

The SEEbalance and ToSIA methods include environmental, economic and social
parameters. Both include lists of parameters that might be useful in product assessments,
however, none of the approaches advice in the selection of parameters to reflect important
and relevant sustainability considerations for a specific case. In fact, the seemingly well
thought-through lists may even trick analysts into thinking that a generic list is suitable for
every system. Using the same parameter list facilitates comparison between different
studies and may be relevant in some situations. For the WooDi project, however, the
development of the new material is to be guided towards a more sustainable diaper
product and such a process must be informed using a parameter set that reflects the specific
definition of what a sustainable product implies in the specific case.
In the SEEbalance scheme, the weighting is intended to be performed by experts and the
SEEbalance practitioner while the ToSIA scheme stresses and encourages the involvement
of different stakeholders in the weighting procedure. In the built-in MCA tool, different
stakeholders can propose a weighting factor to each indicator, to rank alternatives. The
range of results of the different weighting proposals is also visualised to the stakeholders.
ToSIA results will probably be more understandable to people that have been included in
the process and can thereby provide better guidance to these people in their work. The
result of the sustainability comparison in SEEbalance, the SEEcube, is intended for decisionmakers that have not been involved in the process and is designed to be easy to grasp but
not to provide any details on the background or limitations of the results. The method is
not constructed with the aim to guide project team members throughout a product
development process.
It is clear that available methods contain many useful elements and approaches, as can be
seen in Table 3. For the needs of the WooDi project there are two important gaps: there is a
lack of parameters describing potentially important sustainability considerations in a
comparison of the use of wood or petroleum as raw material and there is a need for an
http://dx.doi.org/10.1016/j.jclepro.2012.07.027
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approach that establishes case relevant sustainability assessment parameter sets. To fill the
gaps noted in this screening of methods, an approach for establishing case relevant product
sustainability assessment parameter sets should be developed.

7. Conclusions
This review was performed based on the need of a method for selecting and assessing a set
of parameters for comparing the sustainability of incontinence diapers produced with
either petroleum-based or wood-based materials. The review was made based on the
presumption that such a set of assessment parameters, as well as their relative weights,
must be developed based on the circumstances of the specific case.
The review revealed that a diverse number of approaches and methods exist that can assess
different attributes or articulations of product sustainability for parts of or whole product
life cycles. Numerous sustainability assessment parameters, mainly for environmental
aspects, have been used or suggested. Almost all reviewed assessment approaches use
premade lists of assessment parameters but without advice on how to adjust them towards
a more case-relevant set of parameters.
Parameters are lacking in some areas, and also knowledge of how to describe these missing
parameters. This is, for example, the case for social progress, and impacts on biodiversity
and other ecosystem services.
In moving towards a bio-based society, comparisons between use of different types of
resources faced with different types of restrictions will be increasingly important. In
available literature, no ready-to-use methods for comparing use of different types of limited
resources, like petroleum, land area and water (as in a comparison between petroleumbased and wood-based materials), have been found.
Finally, approaches are lacking for establishing case specific weighting of parameters,
which is necessary for handling case specific trade-offs.

Acknowledgements
This research would not have been possible without financial and in-kind support from
Vinnova, SCA Hygiene Products AB, Södra Cell AB and Chalmers University of
Technology.

References
Andersson, K., Eide, M.H., Lundqvist, U., Mattsson, B., 1998. The feasibility of including sustainability in LCA for
product development. Journal of Cleaner Production 6, 289-298.
Andrews, E.S., Barthel, L.-P., Beck, T., Benoît, C., Ciroth, A., Cucuzzella, C., Gensch, C.-O., Hébert, J., Lesage, P.,
Manhart, A., Mazeau, P., Mazijn, B., Methot, A.-L., Moberg, A., KTH, Norris, G., Parent, J., Prakash, S., Reveret, J.-P.,
Spillemaeckers, S., Ugaya, C.M.L., Valdivia, S., Weidema, B., 2009. Guidelines for Social Life Cycle Assessment of
Products, in: Benoît, C., Mazijn, B. (Eds.). United Nations Environment Programme UNEP.

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

25

Accepted manuscript
Antón, A., Castells, F., Montero, J.I., 2007. Land use indicators in life cycle assessment. Case study: The environmental
impact of Mediterranean greenhouses. Journal of Cleaner Production 15, 432-438.
ASTM, 2009. Standard Specification for Fuel in: ASTM International (Ed.), ASTM D396-09.
Aumonier, S., Collins, M., 2005. Life Cycle Assessment of Disposable and Reusable Nappies in the UK. Environment
Agency.
Banse, M., Nowicki, P., Meijl, H.v., 2008. Why are current world food prices so high? LEI Wageningen UR,
Wageningen, The Netherlands.
Baral, A., Bakshi, B.R., Smith, R.L., 2012. Assessing resource intensity and renewability of cellulosic ethanol
technologies using Eco-LCA. Environmental Science and Technology 46, 2436-2444.
Baumann, H., Tillman, A.M., 2004. The Hitchhiker's Guide to LCA. An Orientation in Life Cycle Assessment
Methodology and Application. Studentlitteratur, Lund.
Bengtsson, M., Steen, B., 2000. Weighting in LCA - approaches and applications. Environmental Progress 19, 101-109.
Benoît, C., Norris, G.A., Valdivia, S., Ciroth, A., Moberg, A., Bos, U., Prakash, S., Ugaya, C., Beck, T., The guidelines
for social life cycle assessment of products: just in time! International Journal of Life Cycle Assessment, 1-8.
Berg, S., Fischbach, J., Brüchert, F., Poissonnet, M., Pizzirani, S., Varet, A., Sauter, U.H., 2012. Towards assessing the
sustainability of European logging operations. European Journal of Forest Research 131, 81-94.
Berndes, G., Hoogwijk, M., van den Broek, R., 2003. The contribution of biomass in the future global energy supply.
Biomass & Energy 25.
Bringezu, S., Schutz, H., O´Brien, M., Kauppi, L., Howarth, R.W., McNeely, J., 2009a. Towards sustainable production
and use of resources: Assessing Biofuels. United Nations Environmental Programe (UNEP).
Bringezu, S., Schütz, H., Arnold, K., Merten, F., Kabasci, S., Borelbach, P., Michels, C., Reinhardt, G.A., Rettenmaier,
N., 2009b. Global implications of biomass and biofuel use in Germany - Recent trends and future scenarios for domestic
and foreign agricultural land use and resulting GHG emissions. Journal of Cleaner Production 17, S57-S68.
Buchholz, T., Luzadis, V.A., Volk, T.A., 2009. Sustainability criteria for bioenergy systems: results from an expert
survey. Journal of Cleaner Production 17, S86-S98.
Börjesson, P., Tufvesson, L.M., 2011. Agricultural crop-based biofuels - Resource efficiency and environmental
performance including direct land use changes. Journal of Cleaner Production 19, 108-120.
CHAINET, 2002. Analytical Tools for Environmental Design and Management in a Systems Perspective. Kluwer
Academic Publisher, Dordrecht, the Netherlands.
Chesneau, J.B., Le Net, E., Berg, S., 2012. A transport tool to evaluate sustainability impacts of transport processes
within the Forest Wood Chain. European Journal of Forest Research 131, 73-80.
Ciroth, A., Finkbeiner, M., Hildenbrand, J., Klöpffer, W., Mazijn, B., Prakash, S., Sonnemann, G., Traverso, M., Ugaya,
C.M.L., Valdivia, S., Vickery-Niederman, G., 2011. Towards a Life Cycle Sustainability Assessment: Making informed
choices on products, in: Valdivia, S., Ugaya , C.M.L., Sonnemann, G., Hildenbrand, J. (Eds.). UNEP/SETAC Life Cycle
Initiative.
Cornelissen, S., Dehue, B., 2009. Summary of approaches to accounting for indirectr impacts of biofuel production,
Ecofys as Commissioned by Roundtable on Sustainable Biofuels, Utrecht.
Dominguez-Faus, R., Powers, S.E., Burken, J.G., Alvarez, P.J., 2009. The water footprint of biofuels: A drink or drive
issue? Environmental Science and Technology 43, 3005-3010.
Dyllick, T., Hockerts, K., 2002. Beyond the business case for corporate sustainability. Business Strategy and the
Environment 11, 130-141.
Earles, J.M., Halog, A., 2011. Consequential life cycle assessment: A review. International Journal of Life Cycle
Assessment 16, 445-453.
EBI, 2003. Integrating Biodiversity Conservation into Oil & Gas Development, in: initiative, T.e.b. (Ed.).
Edana, 2008. Sustainability Report: Absorbent Hygiene Products 2007-2008, in: Comittee, T.A.H.P. (Ed.). Edana.
Edwards, R., Larivé, J.-F., Mahieu, V., Rouveirolles, P., 2007. Well-to-Wheels analysis of future automotive fuels and
powertrains in the European context. EUCAR (the European Council for Automotive R&D), CONCAWE (the oil

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

26

Accepted manuscript
companies' European association for environment, health and safety in refining and distribution) and JRC/IES (the
Institute for Environment and Sustainability of the EU Commission's Joint Research Centre).
Eforwood, 2009. Sustainability Impact Assessment of the Forest-Wood Chain.
European Commission, 2009a. ILCD Handbook: Analysis of existing Environmental Impact Assessment methodologies
for use in Life Cycle Assessment (LCA) – (Background document), in: System, I.R.L.C.D. (Ed.).
European Commission, 2009b. Renewable energy, EU directive 2009/28/EC Article 19. .
Farrell, A.E., Plevin, R.J., Turner, B.T., Jones, A.D., O'Hare, M., Kammen, D.M., 2006. Ethanol can contribute to energy
and environmental goals. Science 311, 506-508.
Fehrenbach, H., Giegrich, J., Reinhardt, G., Schmitz, J., Sayer, U., Gretz, M., Seizinger, E., Lanje, K., 2008. Criteria for
a Sustainable Use of bioenergy on a Global Scale, in: Institute für Energie- und Umweltforschung, F.A.D., Germanwatch
(Ed.).
Finnveden, G., 1997. Valuation methods within LCA - Where are the values? International Journal of Life Cycle
Assessment 2, 163-169.
Finnveden, G., 1999. A Critical Review of Operational Valuation/Weighting Methods for Life Cycle Assessment, in:
AFN (Ed.), AFR-report. Swedish Environmental Protection Agency, Stockholm, Sweden.
Finnveden, G., Hauschild, M.Z., Ekvall, T., Guinée, J., Heijungs, R., Hellweg, S., Koehler, A., Pennington, D., Suh, S.,
2009. Recent developments in Life Cycle Assessment. Journal of Environmental Management 91, 1-21.
Finnveden, G., Moberg, A., 2005. Environmental systems analysis tools - An overview. Journal of Cleaner Production
13, 1165-1173.
Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S., Coe, M.T., Daily, G.C.,
Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A., Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice, I.C.,
Ramankutty, N., Snyder, P.K., 2005. Global consequences of land use. Science 309, 570-574.
Forest Stewardship Council, 1996. FSC Principles and criteria for forest stewardship in: Council, F.S. (Ed.), FSC-STD01-001 (version 4-0) EN.
Fritsche, U.R., Sims, R.E.H., Monti, A., 2010. Direct and indirect land-use competition issues for energy crops and their
sustainable production - an overview. Biofuels, Bioproducts and Biorefining 4, 692-704.
Gaia Foundation, Biofuelwatch, The African Biodiversity network, Salva la Selva, Watch Indonesia, EcoNexus, 2008.
Agrofuels and the myth of the marginal lands in: A briefing by Gaia Foundation, B., The African Biodiversity network,
Salva la Selva, Watch Indonesia, EcoNexus. (Ed.).
Garraín, D., Vidal, R., Franco, V., 2007. Land use in LCA of biomaterials. Proceedings of the 3rd International
Conference on Life Cycle Management.
Gnansounou, E., Dauriat, A., Panichelli, L., Villegas, J., 2008a. Energy and greenhouse gas balances of biofuels: Biases
induced by LCA modelling choices. Journal of Scientific and Industrial Research 67, 885-897.
Gnansounou, E., Dauriat, A., Villegas, J., Panichelli, L., 2009. Life cycle assessment of biofuels: Energy and greenhouse
gas balances. Bioresource Technology 100, 4919-4930.
Gnansounou, E., Panichelli, L., Dauriat, A., Villegas, J.D., 2008b. Accounting for indirect land-use changes in GHG
balances of biofuels - Review of current approaches, ENAC - Faculté Environnement naturel architectural et construit,
ICARE - Institut des infrastructures, des ressources et de l'environnement and LASEN - Laboratoire de systèmes
énergétiques.
Graymore, M.L.M., Sipe, N.G., Rickson, R.E., 2008. Regional sustainability: How useful are current tools of
sustainability assessment at the regional scale? Ecological Economics 67, 362-372.
Hakala, S., Virtanen, Y., Meinander, K., Tanner, T., 1997. Life-cycle assessment, comparison of biopolymer and
traditional diaper systems. VTT Chemical Technology and Neste Corporation, p. 91 + app.
Helming, K., Pérez-Soba, M., Tabbush, P., 2008. Sustainability Impact Assessment of Land Use Changes. SpringerVerlag, Berlin Heidelberg.
Hoekstra, A., Chapagain, A., Aldaya, M., Mekonnen, M., 2009. Water Footprint Manaul State of the Art. Water
Footprint Network, Enschede.
Holmberg, J., Lundqvist, U., Robért, K.H., Wackernagel, M., 1999. The ecological footprint from a systems perspective
of sustainability. International Journal of Sustainable Development and World Ecology 6, 17-33.

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

27

Accepted manuscript
Hunkeler, D., 2006. Societal LCA methodology and case study. International Journal of Life Cycle Assessment 11, 371382.
Höjer, M., Ahlroth, S., Dreborg, K.H., Ekvall, T., Finnveden, G., Hjelm, O., Hochschorner, E., Nilsson, M., Palm, V.,
2008. Scenarios in selected tools for environmental systems analysis. Journal of Cleaner Production 16, 1958-1970.
Immink, H., 1999. Polymer produced from biomass: Is it Sustainable? Based on the life cycle of the diaper system,
Department of Technical Environmental Planning. Chalmers University of Technology, Göteborg, p. 73.
IPCC, 2000. Land Use, Land-Use Change and Forestry, in: Watson, R.T., Noble, I.R., Bolin, B., Ravindranath, N.H.,
Verardo, D.J., Dokken, D.J. (Eds.), p. pp 375.
Johnson, E., Heinen, R., 2008. Carbon footprints of biofuels & petrofuels. Industrial Biotechnology 4, 257-261.
Jørgensen, A., Le Bocq, A., Nazarkina, L., Hauschild, M., 2008. Methodologies for social life cycle assessment.
International Journal of Life Cycle Assessment 13, 96-103.
Kloepffer, W., 2008. Life cycle sustainability assessment of products (with Comments by Helias A. Udo de Haes, p. 95).
International Journal of Life Cycle Assessment 13, 89-94.
Korpi, E., Ala-Risku, T., 2008. Life cycle costing: A review of published case studies. Managerial Auditing Journal 23,
240-261.
Kounina, Margni, Koehler, Bayart, Boulay, Berger, Bulle, Frischknecht, Mila-i-Canals, Motoshita, Nunez, Peters,
Pfister, Ridoutt, Van Zelm, Verones, Humbert, 201X. Review of methods addressing water in a life cycle perspective.
Submitted to International Journal of Life Cycle Assessment.
Kölsch, D., Saling, P., Kicherer, A., Grosse-Sommer, A., Schmidt, I., 2008. How to measure social impacts? A socioeco-efficiency analysis by the SEEBALANCE ® method. International Journal of Sustainable Development 11, 1-23.
Lindner, M., Suominen, T., Garcia, J., Palosuo, T., 2008. Deliverable D1.4.6 - Documentation of ToSIA developments
up to month 23.
Lindner, M., Suominen, T., Palosuo, T., Garcia-Gonzalo, J., Verweij, P., Zudin, S., Päivinen, R., 2010. ToSIA-A tool for
sustainability impact assessment of forest-wood-chains. Ecological Modelling 221, 2197-2205.
Lindner, M., Werhahn-Mees, W., Suominen, T., Vötter, D., Zudin, S., Pekkanen, M., Päivinen, R., Roubalova, M.,
Kneblik, P., Brüchert, F., Valinger, E., Guinard, L., Pizzirani, S., 2012. Conducting sustainability impact assessments of
forestry-wood chains: Examples of ToSIA applications. European Journal of Forest Research 131, 21-34.
Mathews, J.A., 2007. Biofuels: What a Biopact between North and South could achieve. Energy Policy 35, 3550-3570.
Mattsson, B., Cederberg, C., Blix, L., 2000. Agricultural land use in life cycle assessment (LCA): Case studies of three
vegetable oil crops. Journal of Cleaner Production 8, 283-292.
Mattsson, B., Cederberg, C., Ljung, M., 1998. Principles for environmental assessment of land use in agriculture, SIKreport. Institutet för livsmedel och bioteknik (SIK), Göteborg.
McNeely, J.A., Solh, M., Hiremath, R.B., Kumar, B., Suarez, P.A.Z., Uprety, K., Abdulrahim, M.A., Ruf, F., Legoupil,
J.C., 2009. Experts address the question: "Can the growing demand for biofuels be met without threatening food
security?". Natural Resources Forum 33, 171-173.
MEA, 2005. Ecosystems and human wellbeing. Biodiversity synthesis., in: Assessment, M.E. (Ed.), Washington.
Mendoza, G.A., Martins, H., 2006. Multi-criteria decision analysis in natural resource management: A critical review of
methods and new modelling paradigms. Forest Ecology and Management 230, 1-22.
Michelsen, O., 2008. Assessment of land use impact on biodiversity: Proposal of a new methodology exemplified with
forestry operations in Norway. International Journal of Life Cycle Assessment 13, 22-31.
Milà i Canals, L., Bauer, C., Depestele, J., Dubreuil, A., Knuchel, R.F., Gaillard, G., Michelsen, O., Mu?ller-Wenk, R.,
Rydgren, B., 2007. Key elements in a framework for land use impact assessment within LCA. International Journal of
Life Cycle Assessment 12, 5-15.
Munthe, C., 1997. Etiska aspekter på jordbruk (Ethical aspects on agriculture), in: Agriculture), J.t.S.b.o. (Ed.).
Nguyen, H.X., Yamamoto, R., 2007. Modification of ecological footprint evaluation method to include non-renewable
resource consumption using thermodynamic approach. Resources, Conservation and Recycling 51, 870-884.
OFID, 2008. Biofuels and Food Security. Implications of an accelerated biofuels production., in: IIASA, S.o.t.O.s.p.b.
(Ed.), OFID Pamphlet Series 38 (2009) p. 42.

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

28

Accepted manuscript
Panagopoulos, T., 2009. Linking forestry, sustainability and aesthetics. Ecological Economics 68, 2485-2489.
PAS 2050, 2008. Specification for the assessment of the life cycle greenhouse gas emissions of goods and services, in:
Institution, B.S. (Ed.). British Standards Institution.
PEFC, 2010. The Programme for the Endorsement of Forest Certification (PEFC). PEFC International, Geneva.
Penman, T.D., Law, B.S., Ximenes, F., 2010. A proposal for accounting for biodiversity in life cycle assessment.
Biodiversity and Conservation 19, 3245-3254.
Pennington, D.W., Potting, J., Finnveden, G., Lindeijer, E., Jolliet, O., Rydberg, T., Rebitzer, G., 2004. Life cycle
assessment Part 2: Current impact assessment practice. Environment International 30, 721-739.
Rametsteiner, E., Simula, M., 2003. Forest certification - An instrument to promote sustainable forest management?
Journal of Environmental Management 67, 87-98.
Rathmann, R., Szklo, A., Schaeffer, R., 2010. Land use competition for production of food and liquid biofuels: An
analysis of the arguments in the current debate. Renewable Energy 35, 14-22.
Rebitzer, G., Ekvall, T., Frischknecht, R., Hunkeler, D., Norris, G., Rydberg, T., Schmidt, W.P., Suh, S., Weidema, B.P.,
Pennington, D.W., 2004. Life cycle assessment Part 1: Framework, goal and scope definition, inventory analysis, and
applications. Environment International 30, 701-720.
Rebitzer, G., Hunkeler, D., 2003. Life cycle costing in LCM: Ambitions, opportunities, and limitations - Discussing a
framework. International Journal of Life Cycle Assessment 8, 253-256.
Ritthoff, M., Rohn, H., Liedtke, C., 2002. Calculating MIPS resource productivity of products and services. Wuppertal
Institute for Climate, Environment and Energy.
Robèrt, K.H., 2000. Tools and concepts for sustainable development, how do they relate to a general framework for
sustainable development, and to each other? Journal of Cleaner Production 8, 243-254.
RSB, 2008. Global principles and criteria for sustainable biofuels production Version Zero, in: Biofuels, T.R.o.S. (Ed.).
The Roundtable on Sustainable Biofuels.
Saling, P., Kicherer, A., Dittrich-KrÃ¤mer, B., Wittlinger, R., Zombik, W., Schmidt, I., Schrott, W., Schmidt, S., 2002.
Eco-efficiency analysis by BASF: The method. International Journal of Life Cycle Assessment 7, 203-218.
Saling, P., Maisch, R., Silvani, M., König, N., 2005. Assessing the environmental-hazard potential for life cycle
assessment, eco-efficiency and SEEbalance®. International Journal of Life Cycle Assessment 10, 364-371.
Schmidt, I., Meurer, M., Saling, P., Kicherer, A., Reuter, W., Gensch, C.O., 2004. SEEbalance ®: Managing
sustainability of products and processes with the socio-eco-efficiency analysis by BASF. Greener Management
International, 79-94.
Searchinger, T., Heimlich, R., Houghton, R.A., Dong, F., Elobeid, A., Fabiosa, J., Tokgoz, S., Hayes, D., Yu, T.H., 2008.
Use of U.S. croplands for biofuels increases greenhouse gases through emissions from land-use change. Science 319,
1238-1240.
SFM, 2009. Sustainable forest management - indicator knowledge base. The University of British Columbia, Canada.
Smeets, E., Junginger, M., Faaij, A., Walter, A., Dolzan, P., 2006. Sustainability of Brazilian Bio-ethanol.
Steen, B., 1999. A systematic approach to environmental priority strategies in product development (EPS), version 2000
- Models and data from the default model. CPM Report.
Steen, B.A., 2006. Describing values in relation to choices in LCA. International Journal of Life Cycle Assessment 11,
277-283.
Stoeglehner, G., Narodoslawsky, M., 2009. How sustainable are biofuels? Answers and further questions arising from an
ecological footprint perspective. Bioresource Technology 100, 3825-3830.
Swan, G., 1998. Evaluation of Land Use in Life Cycle Assessment, in: 1998:2, C.r. (Ed.), Göteborg.
Svensson, S., 1994. Miljökriterier för blöjor och liknande produkter. Projekt handla miljövänligt, Naturskyddsföreningen.
TEEB, 2009. TEEB-The Economics of Ecosystems & Biodiversity for national and International Policy Makers Responding to the value of nature.
Tilman, D., Socolow, R., Foley, J.A., Hill, J., Larson, E., Lynd, L., Pacala, S., Reilly, J., Searchinger, T., Somerville, C.,
Williams, R., 2009. Beneficial biofuels - The food, energy, and environment trilemma. Science 325, 270-271.

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

29

Accepted manuscript
Tufvesson, L.M., Börjesson, P., 2008. Wax production from renewable feedstock using biocatalysts instead of fossil
feedstock and conventional methods. International Journal of Life Cycle Assessment 13, 328-338.
U. R. Fritsche, K. J. Hennenberg, A. Hermann, K. Hünecke, Herrera, R., H. Fehrenbach, E. Roth, A. Hennecke, Giegrich,
J., 2010. Development of strategies and sustainability standards for the certification of biomass for international trade.
Öko-Institut, Büro Darmstadt and IFEU - Institut für Energie- und Umweltforschung Heidelberg.
Udo de Haes, H.A., Finnveden, G., Goedkoop, M., Hauschild, M., Hertwich, E.G., Hofsetter, P., Jolliet, O., Klöpffer, W.,
Krewitt, W., Lindeijer, E., Müller-Wenk, R., Olsen, S.I., Pennington, D.W., Potting, J., Steen, B., 2002. Life-cycle
impact assessment: striving towards best practice, in: Green, A. (Ed.). SETAC press.
Wackernagel, M., Rees, W., 1996. Our Ecological Footprint: Reducing Human Impact on the Earth New Society
Publishers,, Gabriolia Island, BC.
Wackernagel, M., Yount, J.D., 1998. The ecological footprint: An indicator of progress toward regional sustainability.
Environmental Monitoring and Assessment 51, 511-529.
Wackernagel, M., Yount, J.D., 2000. Footprints for sustainability: The next steps. Environment, Development and
Sustainability 2, 21-42.
Walter, C., Stützel, H., 2009. A new method for assessing the sustainability of land-use systems (I): Identifying the
relevant issues. Ecological Economics 68, 1275-1287.
Walter, C., Stützel, H., 2009b. A new method for assessing the sustainability of land-use systems (II): Evaluating impact
indicators. Ecological Economics 68, 1288-1300.
Water Footprint Network, 2009. Water Footprint. Water Footprint Network.
WCED, 1987. Our Common Future, in: World Comission on Environment and Development (Gro Harlem Brundtland,
C. (Ed.), New York.
Wiedmann, T., Minx, J., 2007. A Definition of 'Carbon Footprint'. Centre for Integrated Sustainability Analysis, Durham,
DH7 7FB, United Kingdom.
Wijkmark, J., 2004. Blöjor och miljö - en miljögranskning av sju olika sorters barnblöjor. VERNA Ekologi AB.
Vogtländer, J.G., Lindeijer, E., Witte, J.P.M., Hendriks, C., 2004. Characterizing the change of land-use based on flora:
Application for EIA and LCA. Journal of Cleaner Production 12, 47-57.
Wolfslehner, B., Brüchert, F., Fischbach, J., Rammer, W., Becker, G., Lindner, M., Lexer, M.J., 2012. Exploratory multicriteria analysis in sustainability impact assessment of forest-wood chains: The example of a regional case study in
Baden-Württemberg. European Journal of Forest Research 131, 47-56.
von Blottnitz, H., Curran, M.A., 2007. A review of assessments conducted on bio-ethanol as a transportation fuel from a
net energy, greenhouse gas, and environmental life cycle perspective. Journal of Cleaner Production 15, 607-619.
Woodward, D.G., 1997. Life cycle costing - Theory, information acquisition and application. International Journal of
Project Management 15, 335-344.
Wrisberg, N., Udo de Haes, H.A., Triebswetter, U., Eder, P., Clift, R., 2002. Analytical tools for environmental design
and management in a systems perspective. Kluwer academic publishers, Dordrecht, The Netherlands.
Zamagni, A., Buttol, P., Buonamici, R., Masoni, P., Guinee, J.B., Huppes, G., Heijungs, R., van der Voet, E., Ekvall, T.,
Rydberg, T., 2009. D20 Blue paper on Life Cycle Sustainability Analysis. project CALCAS Co-ordination action for
innovation in life-cycle analysis for sustainability.
Zamagni, A., Guinée, J., Heijungs, R., Masoni, P., Raggi, A., 2012. Lights and shadows in consequential LCA.
International Journal of Life Cycle Assessment, 1-15.
Zhang, Y.I., Anil, B., Bakshi, B.R., 2010. Accounting for ecosystem services in life cycle assessment part II: Toward an
ecologically based LCA. Environmental Science and Technology 44, 2624-2631.

http://dx.doi.org/10.1016/j.jclepro.2012.07.027

30

Paper II

Submitted manuscript

Insights from guiding material development towards more
sustainable products
Gunilla Clancy1, Morgan Fröling2 and Magdalena Svanström1
1

Chemical Environmental Science, Chalmers University of Technology, Göteborg, Sweden

2

Ecotechnology and Environmental Science, Mid Sweden University, Östersund, Sweden

Abstract

Faced with current challenges in society, many companies will need to develop more
sustainable products in order to continue operations in the long term. Therefore, ways of
identifying important sustainability considerations in the early stages of material or
product development are of importance. This article provides suggestions on how material
and product development projects can be guided towards more sustainable products. The
suggestions have been derived from action research carried out in an industry/university
joint material development project. The article provides a description of sustainability
assessment activities that were performed in the project in order to guide development
towards more sustainable products, reflections on the experience leaned from this project,
and suggestions for similar projects in the form of an overall process based on team
learning with the aim of guiding material development towards more sustainable products.
The suggested process emphasizes the material or product development team’s need to
understand which surrounding world and future-oriented considerations will have
significant impacts on the specific product’s sustainability performance. A specific need to
focus on establishing relevant sets of parameters that can be translated and integrated into
each team member’s everyday work tasks has been identified as important for a successful
project and is emphasized in the suggested approach.

Keywords

Action research, team learning, sustainability assessment, early product development

Introduction

In order to stay in business in the long term, companies need to develop and offer more
sustainable products. Achieving this involves many different considerations, such as
impacts on the resource base, on climate, and other challenging aspects of human society.
The product development task is already very complex and involves global market issues
like customer preferences and other stakeholder interests, patents, policy instruments, and
limitations represented by supply chains, such as distances to suppliers and the availability
of materials. Integrating these new perspectives makes the task even more complex.
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This article introduces an approach for guiding material development towards more
sustainable products. The approach has been developed as a response to the needs of a
specific project but it is here described in a generalized way along with some activities
performed in the project with the hope that it can provide useful input to other similar
projects. The suggested approach is the outcome of using action research within an
industry/university joint material development project. The project aimed at developing
wood-based materials to replace petroleum-based materials in products. The goal was that
a product containing the new materials would be more sustainable than the present one.
Manufacturers of currently used petroleum-based materials have over a long period of time
successfully worked on the environmental optimization of their processes and on the
improvement of material properties. To develop a new material that performs better than
the material to be replaced, taking into consideration all relevant sustainability aspects, is
therefore expected to be a difficult task. However, improved performance in areas other
than the environmental parameters that are conventionally measured may present
compensatory effects that outweigh, for example, a slight increase in acidification or energy
use. But, in order for this change in effects to be considered, assessment methods capable of
handling a view that is more holistic than the current one will have to be in place.
Furthermore, an approach is needed that guides the material development team to greater
awareness of such sustainability considerations in order to achieve more than just an
optimization of the current situation and to a rethink based on a more holistic view.
The methods that have been employed in sustainability assessment activities in the project
build on insights gained and elements identified in a review of existing sustainability
impact assessment tools that were reported elsewhere (Clancy et al. 2013). That review
focused, in particular, on opportunities for comparing the sustainability of the use of woodand petroleum-based materials in products and it showed that available tools do not fulfill
the requirements of handling this comparison, because of their present inability to deal
with some potentially important aspects. Such aspects include social impacts, impacts on
ecosystem services and biodiversity, and competition for different types of limited
resources like petroleum, land area and water.
The results from the preceding study also reinforce the understanding that in a
sustainability assessment aimed at guiding product development a life cycle perspective is
necessary, essential sustainability considerations must be developed and described from
case to case, and assessment parameters need to be selected in relation to such a
description. The study also reveals that the description should not only address present
sustainability concerns but also possible future concerns. Consequently, a specific challenge
in product development emerges; since the product system is not yet fully defined, a
process that iteratively develops knowledge in three mutually dependent areas is needed.
These three areas are: the design of the product system, the corresponding relevant
sustainability assessment parameters, and the resulting sustainability performance, as
illustrated in Figure 1. These points of departure are sometimes implicit in projects that aim
at assessing product sustainability in the early product development stage but are seldom
2
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clearly stated and, therefore, often forgotten. This complexity is one reason the importance
of team learning in guiding product development has been identified by several authors
(Edmondson & Nembhard 2009, Hardi & Zdan 1997, ISO/TR 14062 2002). In the present
article, team learning refers to the process of working collectively in a group to achieve
common objectives by acquiring, sharing and combining knowledge through working
together, as discussed in further detail regarding effective team learning in organizations
by Decuyper et al. in 2010.

Figure 1. Illustration of the iterative procedure advocated in outlining the product system, in selecting relevant
assessment parameters for the system and in assessing the sustainability impact of the product

A number of concepts and tools, like Ecodesign, Cleaner Production and Life Cycle
Assessment (LCA) have been developed to make it possible to integrate environmental or
sustainability aspects into different stages of product development (Karlsson & Luttropp
2006). These are generally constructed in such a way that they result in the environmental
improvement of existing products and, consequently, they may result primarily in the
optimization of the current product system, e.g., by replacing product parts or processes
representing major environmental impacts based on the industrial processes currently in
use. Such approaches normally result in marginal improvements when compared with the
present situation. Since a more sustainable future society may put very different demands
on products than even the strictest environmental requirements of today, sustainable
product development should be more future-oriented, i.e., based on a vision of the longterm sustainability of society and on an understanding of what challenges this poses to the
3

Submitted manuscript
product system under development. This difference in focus, on either optimization or
future-orientation, has been discussed by Van Weenen in relation to sustainable product
development (Van Weenen 1997). Van Weenen concludes that future-orientation requires
that the project team applies both a holistic perspective and a life cycle perspective in their
considerations.
Several suggested approaches for integrating future-orientation into product development
are based on applying the four principles for sustainability developed by Robèrt and
Holmberg (Holmberg 1998) in a backcasting procedure in strategic planning towards
sustainability (Holmberg & Robèrt 2000):
a)
b)
c)
d)

Defining criteria for sustainability
Describing the current situation in relation to the criteria for sustainability
Envisaging future sustainable solutions
Finding strategies towards the solutions

One such approach aims to develop and test the robustness of a business idea (Lundqvist et
al. 2006), but its use in product development has not been described. Another approach has
taken this one step further and has developed guiding questions to promote a holistic
perspective in product development (Byggeth et al. 2007). As a complement to the guiding
questions, and to provide an overview of major sustainability challenges and opportunities
early on for management and for the product development team, templates for sustainable
product development have been proposed (Ny et al. 2008). Both of these two later
approaches require a facilitator to develop and/or choose the guiding questions since the
product development team members themselves do not have the requisite knowledge.
Consequently, the desired understanding needed for the material or product developers to
continue making informed decisions for more sustainable products can probably not be
achieved.
To develop new materials is in itself a complex task. To both realize and take into account
which steps that can lead towards a product that is sustainable in the long term is even
more challenging. Since decisions made in early product development strongly affect the
sustainability performance of the finished product, this can hardly be done effectively by
anyone other than the material developers themselves. To end up with more than just
marginal improvements in the current situation requires that the whole team is supported
in developing an understanding of important sustainability concerns (present and future)
in the same way that they take into consideration other performance criteria for the
product. Since no approaches have been found in literature that are intended to guide a
process of product development through these different concerns, this paper suggests a
team-learning approach that has emerged from experiences of action research in a material
development project in which the goal has been to make it possible to produce more
sustainable products.
In the following section, the research methodology is presented and then sustainability
assessment activities conducted in the project are described. Thereafter, reflections on
4
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experiences from the activities are given as four lessons learned. Finally, a suggested
process for guiding material development towards more sustainable products is described.

Research method

In the suggested process, the “team” is defined as the group of people put together to
develop the material or product and the sustainability assessor is part of the team. The
“sustainability assessor” facilitates the team process, searches for, compiles and presents
the information the assessment can be based on and decides when to move on.
The action research and the suggested process will here be described from the
sustainability assessor’s perspective. The action research was carried out during the first
two years of sustainability assessment activities in a four-year material development
project. The project was a collaboration between two companies and two university
research groups. Both companies involved had a long tradition of working with
environmental improvements and the safety of their products.
Action research means that the researcher tries to change or improve something in an
ongoing project (in this case in guiding product development towards sustainability) and at
the same time observes the process and its outcome. Action research involves utilizing a
systematic cyclical method of planning, taking action, observing, evaluating (including selfevaluation) and critical reflection prior to planning the next cycle (Wadsworth 1998).
Each sustainability assessment activity was thoroughly planned, participants’ reactions
during the exercises were observed and the assessor’s own experiences were noted, and the
results were reflected on before subsequent exercises were designed. Different forms of
feedback were generally requested directly after the activity, and sometimes spontaneous
feedback was directly or indirectly achieved, either in connection to the activity or later on.

Description of sustainability assessment activities

This section provides an overview of the main sustainability assessment activities that were
performed in the project in order to guide material development towards more sustainable
products by using a team-learning approach.
A. Setting the focus on the goal and on collaboration
A kick-off meeting and an introductory course early on in the project involved discussions
about collaboration, knowledge exchange, the project goal, the product under study and its
main properties, the production process, and sustainable development. This created the
sense of a shared goal and a joint mission, however, what sustainability means in practice
for the specific material development project and how it may affect development in the
project was not discussed in detail at the time.
B. Exploring the challenges of sustainability assessment
A multi-criteria analysis group exercise was carried out with the project team after only a
few months in order to provide an understanding of the general principles of the
5
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sustainability assessment at an early stage and the issues that may arise. All groups ended
up with a favorable result for the new product, indicating a common belief in the project
idea. This exercise gave the team insight into how an assessment can be performed, what
can be included in the assessment, what the uncertainties and difficulties are, and that the
assessment is inevitably based on values and strongly dependent on the existing level of
knowledge about potential impacts. The aspects that were selected by the different groups
were similar and rather unspecific, including resources, waste, money and social aspects.
C. Describing sustainability and current unsustainabilities and developing visions of possible
long-term solutions
In a series of workshops, the sustainability concept was explored in order to provide
meaning to the specific material development project; these activities were inspired by the
backcasting approaches mentioned earlier. A discussion of what a sustainable society
implies, in specific in relation to the considered target, was held and the consensus view
that emerged was documented as a mind map. In order to check that important areas had
been included, the content of the mind map was discussed in relation to the four principles
of sustainability (Holmberg 1998). Each company then performed and presented a present
state analysis of how different aspects of sustainability are violated today, throughout the
value chain, focusing also on opportunities for the company to influence the situation.
Finally, a brainstorming activity was performed in order to identify long-term solutions for
the product that fulfill the agreed upon sustainability criteria. This activity made the team
envision sustainable long-term solutions for the product function that go beyond the goal
of the project in order to provide an understanding for what types of development in the
project that may truly lead towards sustainability.
D. Illustrating the environmental challenge of the task
Results and conclusions of early cradle-to-gate LCA estimates of the new material were
shown and discussed to enhance the understanding of the product system and the
challenges in terms of different environmental parameters (Clancy et al. 2010). The
estimates showed that the presumed additional use of chemicals and energy for the new
material may provide challenges in a comparison with presently used materials that have
been technically and environmentally optimized over a long period of time. The estimates
also showed that the minimization of energy demand, in particular, is an important task in
the project for reaching the goal of more sustainable products.
E. Illustrating the challenges of increased use of renewable resources
To enhance the understanding of possible long-term effects of increased wood resource use,
an estimate of the wood resource use, if the new products were produced in large scale for
the European market, was made and recalculated into how much forest area this could
potentially occupy (Clancy et al. 2010). A projection was also made to 2050. This exercise
not only illustrated potential challenges of increased wood resource use but also illustrated
the importance of considering both potential market shares and future societal
development, and also highlighted methodological issues in terms of how increased fiber
use can be translated into occupied land area.
6
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F. Listing available sustainability parameters
An inventory of about 500 sustainability assessment parameters available in literature was
compiled, both to provide a list to select useful parameters from and to find where the
major gaps were in terms of the availability of parameters to cover the full range of
potentially relevant sustainability aspects. The inventory reinforced the understanding that
we cannot rely on existing methods and ready-made sets of parameters, since there are
severe gaps, particularly in, for the project, important areas such as land use and
comparisons between renewable and non-renewable resources. Discussing the list in
relation to the earlier discussion on the meaning of sustainability for the specific project
illustrated these gaps to the project team.
G. Discussing the importance and the usefulness of different sustainability parameters
Selected sustainability aspects of relevance for the product were presented to the team by
the assessor and each aspect’s importance to the project was discussed. Examples of aspects
that were intensely discussed are land occupation, the depletion of non-renewable
resources, customer satisfaction with product function, competence development of coworkers, assets needed, e.g., the machinery to produce the new material, and working in a
transparent way with stakeholders. For aspects that were deemed essential, assessable
parameters were discussed. The exercise aimed at providing an understanding to the team
of the different aspects and parameters that may be involved, and illustrated that there are
many different ways to assess sustainability.
H. Connecting the work of developers to properties of the product and to sustainability
aspects
When developing a material, it is important to understand which specific material
properties are needed in order to deliver the desired product function, and how these affect
the sustainability performance in different product life cycle stages. A workshop was
performed with the aim of identifying the material properties (the material developer
works at this level) with the strongest connection to the product function (the customer
experiences the product at this level) and to different sustainability considerations (this is
the level that the assessor operates on). The workshop focused on describing customer
needs and sustainability aspects of the product and connecting these needs or aspects to
material properties that the material developers work with in their daily activities. This was
intended to give more clarity to the material developers about the properties to be
improved and the reasons why.
I. Increasing the understanding of the dependence on world development
To increase the understanding, in the team, of how developments in the world can affect
the sustainability of a product, a scenario analysis was performed following the description
by Lundqvist et al. (Lundqvist et al. 2006). External factors which may influence the final
product were identified in a brainstorming activity. The identified factors were discussed
and placed in a diagram based on their predictability (x axis) and on their potential impact
on the sustainability of the final product (y axis). Two highly unpredictable and highly
impacting, but unrelated, issues were selected and used to produce a new diagram, varying
7
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these two from low to high to set up the axes. The four different future scenarios,
represented by the quadrants in the new diagram, illustrated four very different future
worlds. A robust strategy for the new product should be successful in all these different
scenarios. These four different scenarios were explored by the team in order to provide an
understanding of these requirements.
J. Continuous considerations of potential sustainability impacts of new materials
A material checklist template was developed to help material developers continuously
consider potential sustainability challenges and the opportunities of new materials at a very
early stage. The check-list was intended to be used for every new material that was
produced in laboratory scale within the project.
K. Regular illustrations of the sustainability performance and potential trade-offs
’Sustainability profiles’, graphic representations of the considered aspects and the relative
performance of the new product in comparison to the reference for each aspect, were used
to visualize the current overall performance of the new product. These profiles were
updated regularly as more knowledge about the product system, relevant assessment
parameters, and the resulting sustainability performance emerged. The profiles illustrated
the progress in the project and which aspects that at each time constituted the greatest
challenges, and they also highlighted the need for handling trade-offs in a structured and
transparent way.

Reflections on experiences

While performing the above-mentioned activities in an effort to iteratively develop an
understanding of the sustainability performance of the emerging product system in the
project (Figure 1), action research was carried out in order to develop methodologies to be
used later in the ongoing project and, in a generalized way, also in other projects.
Experiences of the sustainability assessment activities, in particular barriers that hampered
progress, will be reflected on here and are summed up in four main lessons learned.
Knowledge sharing activities may encounter organizational defensive routines. In projects in
which several different organizations are involved, intellectual property issues and cultural
clashes can be expected. In the project, participants indicated concern about sharing
information. It can be speculated that when employees do not know what should be treated
as a secret for intellectual property or other reasons, everything is treated as a secret to be
on the safe side. Argyris and Schön talk about organizational defensive routines as any
policy or practice that protects organizations from embarrassment or threat and at the same
time prevents them from identifying and reducing the cause of embarrassment or threat
(Argyris & Schön 1989). According to Argyris, organizational defensive routines are antilearning and overprotective (Argyris 1986). It is important that the assessor is aware that
such routines most probably will surface, especially in projects in which several different
organizations are involved, and is prepared for both proactive and reactive responses.
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Assessment activities may be seen as threats if results are expected to be unfavorable. In the project,
some resistance to assessment activities at an early stage in the project was experienced.
The assessor noted concern among team members about quantitative calculations based on
preliminary data, perhaps because of the fear that scientifically interesting routes would
not be pursued if they indicated major challenges to sustainability. There were also
occasions when individuals expressed a desire to know the results before the work had
been carried out, presumably to ensure that the results would not challenge other on-going
activities. This can potentially be seen as another example of organizational defensive
routines as described above.
It is important to understand how participants perceive the goals of the project and what their
assumptions are regarding their own and the assessor’s role. Many times throughout the chain of
activities, it became apparent that the perceptions about the idea of the process and the
roles of different participants varied greatly among team members. The assessor
experienced that several of the notions described in this article as underlying the process,
e.g., the need for future-orientation and the important role of team learning, were not fully
understood and accepted by the whole team, which created unnecessary tension in some
activities. Furthermore, the assessor sometimes sensed reluctance among team members to
become involved in value-based decisions in the sustainability assessment procedure,
perhaps because they believe that this is something that should be left to the management
of the company, or that a sustainability assessment can be based on objective truths and
expert statements. It is believed that some participants did not have the same notion as the
assessor, at the start of the project, that to be guided by a sustainability assessment requires
interaction to a larger extent than being handed sustainability design requirements. One
reason behind this might be the belief that changing from petroleum-based to bio-based
material almost automatically makes the product more sustainable and that the role of the
sustainability assessment project is to prove this rather than to help developers maneuver
through a challenging task. Another reason might be that the participants did not see it as
their role to discuss what sustainability entails since this may be seen as interfering with
management tasks. The sustainability assessor, on the other hand, had the intention to go
further and make the developers aware of important sustainability aspects so that they
could make decisions in the direction of a more sustainable product. In hindsight, an initial
inventory of the participants’ perceived role in the process would have been beneficial in
order to plan for modifying either the process or participants’ perceptions of their role and
of the process. The role of the sustainability assessment subproject should, at the very least,
have been discussed in more detail at the start of the project. Thus, in projects of this type, it
would be useful to identify challenges to integrating learning and achieving change by
learning more about the participants’ different needs, their attitudes towards the project
and their power to act, at an early phase in the project. One way to do this is by performing
a stakeholder analysis (Bell & Morse 2008).
It is important to motivate the team to take part in discussions and learn more about important
sustainability aspects. Because of the major importance of decisions made by the material
9
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development team in developing a more sustainable product, efforts to describe the large
impact that their decisions have on the sustainability of the final product to motivate them
to participate in team-learning activities may be needed. One experience from the project
was that project members were not always convinced of the importance of learning about
how they could influence development. It is believed that efforts aimed at preparing and
motivating participants to direct more attention to joint sustainability assessment activities
would have been fruitful. In a different but related field, motivation was identified as a key
factor in terms of whether or not university teachers strive for the integration of
sustainability issues into the curriculum (Svanström et al. 2012). Both the attitudes and
competences of the teachers as well as whether they were pushed or hindered by the
university system, were seen as target areas for efforts to improve the integration of
sustainability. Most likely, similar issues are important in terms of material developers’
likelihood of integrating sustainability issues into their work. Their important role in the
task, as they make everyday decisions during the process that will strongly influence the
sustainability of the product, must be demonstrated to them, and they need to be convinced
that their efforts are requested by their organization and will be rewarded and appreciated.
The lessons learned from reflecting on activities within the project were used, together with
ideas and findings from literature, in putting together a suggested process for guiding
material development when the goal is to achieve more sustainable products. The
suggested process can function as support to the assessor in setting up more detailed
activities in different types of projects with more sustainable products as an overall goal.
Inspiration to specific activities may be found in the descriptions provided earlier in this
paper, but activities must be tailor-made to suit the needs and opportunities of each specific
project.

Suggested process for guiding material development towards more
sustainable products

The material developers strongly affect the sustainability performance of a finished
product. To make it possible for them to make choices towards a more sustainable final
product, and if needed, even rethink the product idea based on more holistic
considerations, developers need to be aware of and fully grasp which surrounding world
and future-oriented considerations that may make significant impacts on the specific
product’s sustainability performance. It is not enough to provide developers with a list of
parameters, e.g., acidification potential and global warming potential, with values that need
to be lowered, they also need support in translating and integrating the parameters into
something that can guide each team member in their individual area of expertise and in
developing a more holistic understanding of the product system. This is the background to
the suggested continuous learning process described below. The need to address different
actors’ specific needs in performing and communicating sustainability assessments was
highlighted by Löfgren (Löfgren 2012) in a doctoral thesis.
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To be able to motivate participation in the process, it is important that the assessor
understands the role of each project member and their expectations on the project. This
understanding is necessary for the assessor to be able to communicate with other
participants and to set up an appropriate process. A stakeholder analysis or similar analysis
giving insight into which roles the participants expect to take in the project and what they
expect from the assessor is therefore highly recommended to do before the work starts, and
will most probably result in a more successful project. Furthermore, the risk of
encountering different organizational defensive routines should always be kept in mind
when planning and carrying out the project. It may also be helpful if the process is briefly
outlined for the team before it is started and that each team member commits to
participating in the process. Also, to enable functional communication in the suggested
process, it would be useful to limit the core team to a maximum of ten to twelve
participants.
Defining the long-term goal and determining scope
The first step of the suggested process is to make the whole project team aware of the
considerations that may have a significant impact on the specific product’s sustainability as
seen from a holistic and future-oriented perspective. This is illustrated in Figure 2 as
defining the long-term goal and determining scope.
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Figure 2. The suggested process for guiding material and product development projects towards more sustainable
products. Through team involvement during material or product development, a shared goal and relevant sets of product
sustainability assessment parameters for a specific product are established. Note that the whole process is lead by a
sustainability assessor in an iterative process, but such features are excluded from the scheme for clarity reasons.

A shared vision is needed both to define the target and the scope for the material or
product development process and for efficient intra-project communication (Hong et al.
2011, Lackus & Kolar 2007). If the goal of a project is to obtain ‘a more sustainable final
product,’ then visualizing and describing what the qualities of this ‘more sustainable final
product’ can be are vital. This should be done by the whole project team, together with
other important stakeholders, in order to make sure that knowledge from many different
areas and multiple points of view are included in the process. The project team members
can then increase their awareness of important considerations and develop an
understanding and acceptance of the project’s description of a ‘sustainable final product’.
When the description of the goal is developed together, a common language will evolve
that will enable more effective intra-project communication.
In developing the description of a more sustainable product for the project, an appropriate
time-frame must be applied and uncertainties about future developments in society must
be handled in a satisfactory way. Approaches are available that handle such uncertainties
as well as how the product affects and is affected by the surrounding world, such as the
activities ‘C’ and ‘I’ described above. ‘Brainfiring’ can be a useful procedure (Härén 2004);
brainfiring suggests working in groups to rephrase a problem in a variety of different ways,
in contrast to brainstorming which focuses on coming up with as many ideas as possible in
the formulation of one problem.
In Figure 2, ‘sustainability aspects’ refer to areas such as biodiversity, climate, safety and
health, operational cost, availability of raw material, and other areas of sustainability that
may be influenced by choices made in product development. The project's case-specific
description of ‘sustainable final product’ should include the areas that need to be assessed the relevant product sustainability aspects - and how to handle trade-offs between these
areas as well as uncertainties and data gaps. This description will form the goal and scope
for the development project, and for the assessment work. The description should be
revised when needed, i.e., with changes in circumstances or new knowledge. The suggested
process, therefore, is set up to allow for going back and adjusting the direction of
development, i.e., iterating.
Establishing sets of product sustainability parameters
Each sustainability aspect identified in the first step can be described by one or several
‘assessment parameters’. The second step in guiding towards a more sustainable final
product is to establish sets of relevant assessment parameters in a team-learning process,
including translating the assessment parameters into parameters that are relevant for the
participants’ specific tasks. This last step of translating the parameters is an act of inviting
13
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the team to find out how they in their work affect product sustainability instead of telling
them what to improve or to avoid in terms not clearly connected to their work, which is
what is conventionally done. If the parameters are not integrated into something that is
meaningful in relation to each participant’s expertise and everyday work, the participants
cannot utilize their skills towards the goal of a more sustainable final product since they
lack direction.
In the suggested process (Figure 2), the part of establishing sets of product sustainability
parameters is divided into several sub-steps. First, information about the identified
sustainability aspects is gathered by the assessor for the product’s entire life cycle (the
product system) from literature, stakeholders and experts. The assessor is advised and
assisted by the project team. The information is then refined by the assessor, for example,
by using estimates and statistics as in the activities ‘D’ and ‘E’ described above.
To avoid overlooking relevant parameters, the preliminary sets (plural because there may
be different sets for different scenarios or team members) of assessment parameters should
be reviewed both by employees with other expertise within the company and by external
experts. Examples of external experts are scientists in the field, or representatives from
trade organizations or non-governmental organizations. The sets should also be evaluated
in relation to the coverage of the sustainability aspects deemed important in the project and
also in terms of significance and the feasibility of assessing the parameters. Two activities
described above, ‘F’ and ‘G’, are examples of how a team can evaluate and explore
parameters.
If a set of assessment parameters is found not to sufficiently cover the sustainability aspects
deemed important, then iteration is needed. If sufficient, the identified product
sustainability assessment parameters should be explored; ways of translating and
integrating them into each team member’s specific area of expertise and everyday work
should be discussed. In practice, this can be done as described above for activity ‘H’. It is
vital for guiding product development towards a more sustainable product that the project
team not only understands and accepts the assessment parameters but that they can relate
to them in their daily work. When the project team develops knowledge of how their daily
work impacts the sustainability of the final product, the opportunity to make decisions
towards an improved result becomes greater. If it is difficult to improve the performance of
the envisioned product for the selectedparameters, then the knowledge of holistic and
future-oriented considerations acquired when defining the long-term goal and determining
scope can be a base for rethinking and coming up with new ways of improving the
sustainability of the final product.
Assessing holistic product sustainability
When sets of sustainability assessment parameters have been agreed on, an assessment of
the impact of the product system(s) can be performed. Reaching agreement and acceptance
within the project team of the relative weights of different parameters should be less
complicated when everyone has been involved in the process of establishing the sets of
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sustainability parameters. In other words, different views, or value-systems, should have
appeared, been discussed and taken into account earlier on in the process. Different valuesystems can also be applied in weighting in order to illustrate the potential effect on the
final result, to enable a more holistic understanding of the implications of the results.
Product sustainability assessment should be performed several times during a material or
product development process to provide input to an, by necessity, iterative process, as
described in Figure 1. The activity ‘K’ described above gives an example. The assessment is
improved with the new knowledge gained of the product system and of relevant
sustainability parameters each time it is performed. This type of holistic approach is only
sparsely discussed in literature and more research is needed (Clancy et al. 2013), whereas
data inventory and weighting procedures are thoroughly discussed in the literature
(European Commission 2009, Finnveden 1999, Finnveden et al. 2009, Pennington et al. 2004,
Rebitzer et al. 2004). To obtain a greater understanding of possible interpretations of the
result, the whole team should be involved in establishing and exploring the weighting in
the suggested process.
To sum up, the suggested process (Figure 2) for guiding material and product development
projects towards more sustainable products emphasizes the joint learning process of the
team – with a specific focus on facilitating innovation towards more sustainable products
by translating and integrating significant product sustainability characteristics into each
team member’s specific area of expertise and everyday work. The simultaneous use of
external expertise, like stakeholders, NGOs and scientists, is crucial in order not to miss
important views and knowledge. One goal is that this process leads to continuous
knowledge enhancement throughout the product development process and to the
reporting and discussion of results within the team. This is an iterative process which
should continue until the product is available for sale, allowing the product sustainability
parameters to be modified during the process to include new knowledge. Consequently,
the assessments will improve with time. The learning potentially achieved in a process like
this will also be useful in later projects and may therefore create valuable spin-off effects.

Conclusions

The development of more sustainable products requires relevant and future-oriented
assessment parameters early in the stages of material or product development - where
choices that determine many of the sustainability burdens of a product are made. Material
or product development for more sustainable products might require rethinking and for
the purpose of managing this, the whole project team needs to become aware of potential
future world development, and understand how considerations in their everyday
development work can affect the final product's sustainability performance. Approaches
for handling this complexity in material or product development stages have not been
found in literature and therefore, a team-learning approach that deals with these issues is
suggested.
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Abstract
Since the demand for more sustainable products is growing, the pressure on
material developers to improve the sustainability performance of the products that they
are developing is increasing. As a consequence, the need to move away from a narrow
understanding of “product” and “environment” is becoming more apparent. A Life
Cycle Assessment (LCA) approach has been used to find rough estimates of how
much process energy, raw materials etc. are used in the process of transforming a
biomass feedstock into a new material. A reference product with a fossil based
material intended to be replaced is used as a benchmark for the new product. The new
product must perform at least as well as this benchmark and preferably better. We
illustrate this LCA based methodology using the example of replacing petroleumbased polymeric material with wood-based material in a disposable consumer product.
Keywords: Life cycle assessment, product development, material, renewable, environmental window of opportunity

issues are relevant also to the shift from
fossil- to biomass-based materials. In
countries with large forested areas,
efforts to develop wood-based materials
to replace petroleum-based materials,
such as polymers, are often justified
based on arguments related to the
environment, economy or security-ofsupply. However, statements in this
direction are seldom based in quantitative
assessments, especially not regarding
long term consequences for environment,
current users and other stakeholders
around the material resource.
One technical route for replacing
petroleum as a resource base for

1. Introduction
For several reasons such as resource
limitations, expected price development
and climate concerns, human material
and energy demands need to shift from
fossil to renewable resources. However,
it is vital in this process to also consider
constraints in ecological productivity,
limited by e.g. access to land area and
water, as well as other concerns that
relate to the production or handling of
biomass resources. So far, evaluations of
shifting from fossil to renewable
resources have primarily been made for
transport fuels [3], e.g. crops for bioethanol production, but the same general
1

polymers is through chemical processing
of wood or other biomass, breaking down
cellulose and other constituents into
chemical precursors like synthesis gas or
ethylene, and then proceeding along
traditional process routes into polymeric
materials [4-5]. Another route is to utilize
and if necessary modify properties of
wood constituents in order to create new
materials that build on existing complex
chemical structures with particular
properties that can serve a specific
function in a product [6-8]. Building on
structures that nature creates demands
less modification but often more
separation of unwanted materials and
specificity in reactions.
A biomass-based material is not
inherently better in all aspects compared
to a fossil-based material [3]. Therefore,
a pure focus on shifting to renewable
resources might not be enough. The
entire life cycle needs to be assessed in
order to reveal this [9]. It is therefore
important to ensure that new materials
are assessed for their sustainability
performance irrespective of resource
base utilised.

and therefore estimates need to be used
in LCAs (Life Cycle Assessments) and
other assessments.
2.1 Rules of thumb in process/material
selection
Today LCA is mainly used in product
improvement and development in two
ways [11]. The first is by quantifying and
evaluating the largest environmental
impacts along the entire life cycle of
existing products, thus identifying
environmentally
important
design
variables. The result is then used to
decide how the product can be improved
in
terms
of
its
environmental
performance, sometimes in the form of
rules of thumb. An example is the
general LCA consensus that the largest
environmental impact in the life cycle of
a car is the use stage, which provides the
rule of thumb that reducing weight will
significantly increase environmental
performance [12]. The second common
way to use LCA in product development
is to assess proposed changes. An
example could be to consider a change in
a process, a part or a material and
evaluate the estimated LCA result of that
change by a so called "quick and dirty"
comparative LCA [13]. By “picking the
winner” it is possible to suggest
appropriate ways to modify or design a
system in order to decrease its overall
environmental impact.
However, with the two above
approaches we are stuck with choosing
among existing technologies, i.e.
products are improved and managed, not
developed to fit emerging demands from
customers or long-term needs of society.
Also, the assumptions made in the LCA
study do not often involve the knowledge

2. LCA as guidance in product
development
Environmental
and
other
sustainability considerations should start
influencing the product development
process as early as possible i.e. in
specification and goal setting in early
product development phases, otherwise
only small changes to the product design
are possible [10]. However, in product
development, the final production system
is not yet defined. In other words, no
measured data for the processes and
other parts of the system are available
2

and experience of the product
development team but are made by the
LCA expert based on his/her knowledge
and access to data.

3. Example: LCA of a more woodbased diaper
Chalmers University of Technology is
engaged in a research project with a
specific focus on using modified wood
fibres to replace petroleum-based
absorbent material in a diaper and
ensuring that the new diaper is also more
sustainable than the reference diaper [14].
The wood fibre, fluff pulp, which is the
wood-based material used in the
reference diaper is the base for the
material development. This project
handles Nordic wood resources and
wood-based material production together
with a European market. The hypothesis
when setting up the project was that
replacing petroleum-based material with
modified fluff pulp would make the
product more sustainable. However,
there are potential effects on many
different areas that should be assessed
before this can be evaluated. A weighting
is also necessary in order to deal with
trade-offs when comparing different
kinds of impacts. For example,
sustainability impacts related to the use
of petroleum based materials such as
resource scarcity, risk of oil leakage to
nature and greenhouse gas emissions will
need to be compared with impacts related
to increased use of biomass resources
such as land use and loss of biodiversity
and recreational space. A change of
material may interact with all stages in a
product’s life cycle because a new
material seldom has exactly the same
properties as the one it is to replace.
Therefore, changes may occur in other
life cycle stages than material production
or in background processes. In our
example, how a new material will
influence the different stages, e.g. use

2.2 Environmental window of
opportunity
The product or material development
team’s creativity, experience and
knowledge can be utilized in improving
the environmental performance of a
product or a process by presenting LCA
results showing the environmental
window of opportunity early on in the
development process. This means
visualising estimates of how large the
flows of process energy, raw materials or
other potentially important parameters
can be for new processes if the new
alternative is to be preferable. For
example, when planning for a shift from
a fossil-based to a biomass-based
material, it is important to understand
under which conditions this shift will
actually lead to a more sustainable
product. This assessment is in itself
difficult to perform since it depends on
things like assumptions about the future
and effects in remote parts of the product
system. Furthermore, it depends on
which aspects are assessed and how these
are weighted against each other.
Nevertheless, relatively simple back-ofthe-envelope calculations visualised for
the development team can provide
important guidance even at very early
development stages and stimulate the
creativity of the development team. An
example of how these visualisations can
be used in guiding development efforts is
presented in the following case study.
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stage and waste management, is not yet
known.
Fig. 1 shows results of a preliminary
cradle-to-grave LCA estimation of the
reference diaper with its petroleum-based
absorbent compared with two extreme
cases exemplifying low and high wood
use in a new wood-based material. To get
around uncertainties in future product
systems, the cases represent two
hypothetical products, assumed to result
in the same absorption performance as

a heavier product. For the low wood
diaper case, all petroleum-based
absorbent has been removed assuming no
loss of absorption capacity, i.e. the woodbased material already present in the
diaper has been assumed to be improved
through material development so that
increased absorption capacity counteracts
the loss of the petroleum-based absorbent.
The low wood case would therefore
result in a lighter product. In both the low
and the high wood cases, the production
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Fig. 1: Cradle-to-grave LCA
diaper is
compared to high and low wood cases, presented as percentage relative to the
highest contributor [1-2].
the reference. These first calculations are
based on data from an existing product
with quick estimates made in order to
provide early indications on potential
opportunities. In the high wood case,
fluff pulp has been added equal to twice
the weight of the eliminated petroleumbased absorbent material. This results in

process transforming fluff pulp into a
new material has been disregarded.
Therefore, Fig. 1 can be used to show the
window of opportunity for the material
development in terms of selected
environmental impacts. Environmental
impacts from the production process of
the new material can thus not be allowed
4

to be much higher than present fluff pulp
production, if the new material is to be a
more benign alternative than the
reference material. The high wood case
even has a higher environmental impact
for three of the shown impact categories.
This indicates the challenges involved in
the material development process.
Petroleum-based absorbents typically
represent about 33% of the weight of
diapers [15]. The material developers for
the petroleum-based material have over a
long period of time successfully worked
on environmental optimisation of their
processes and on improvement of the
material properties. What is needed in
order to replace this material is not only a
new material from a renewable resource
but also a new material that considering
all relevant sustainability aspects
performs better than the replaced
material. Alternatively, material
innovation is needed, that gives higher
performance to the new material or even
additional functions that can be part of a
new and improved product concept.
Except for 'Nordic forest area', the
parameters presented in Fig. 1 are
classical LCA parameters for this type of
product and industry. It could be argued
that other parameters might be of
relevance, such as health effects [16] or
water consumption [17]. This is
particularly
true
if
international
comparisons are to be made with
products from regions with different
environmental regulation or different
climatic factors.
The parameter ‘Nordic forest area’ for
raw material supply is a simulation that
has been used to guide the material
development process in the described
project. Obviously, the high wood case

demands more biomass and thereby more
forest area. A classical challenge in the
application of LCA to the design process
is how to compare products that have
environmental
impact
peaks
in
completely different areas, like for
example the high wood case in Fig. 1,
which uses more forest land area but less
fossil energy, whereas the reference case
uses less forest land area but more fossil
energy.
As product development progresses,
more data becomes available. In this
project, early estimates of material
production parameters became available
and could roughly be translated into LCA
impacts. Fig. 2 illustrates the cradle-togate LCA of the reference petroleumbased absorbent material, a regular fluff
and a modified fluff pulp intended to
replace the petroleum-based material.
However, the material properties and the
material’s function in the product are still
not known. If the modified fluff pulp
from Fig. 2 is assumed to be used in the
high wood case described earlier (i.e.
twice the weight of the replaced
petroleum-based absorbent and same
amount of fluff pulp), it results in a
worse
product
environmental
performance compared to the reference
product in all impact categories except
for POCP. Performance in terms of
energy demand (total and fossil) becomes
particularly poor. Therefore, a special
effort will be made to improve the energy
efficiency of the modified fluff pulp in
the described project. Since Fig. 2 shows
only the cradle-to-gate analysis of
materials and Fig. 1 a cradle-to-grave
analysis of products, these are not
directly comparable.
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Fig. 2: Cradle-to-gate LCA results per kilo for petroleum-based absorbent
material, fluff pulp and modified fluff pulp presented as percentage relative to
the highest contributor [1-2].
Fig. 3 shows the environmental
impact of the reference diaper divided
into different life cycle stages. This graph
was presented at the start of the project.
It shows that the impacts embedded in
the materials are the main contributors to
the environmental impacts. For the
materials, both resource acquisition and
material production is included. The
diaper packaging, diaper assembly,
transport, use and post use waste stages
have comparatively low impacts.
Therefore, in this project, material
innovation that results in an improved

environmental performance in the
resource acquisition is a priority. Fig. 2
illustrates the challenges in several
impact categories for this stage when
changing to a renewable resource.
Changes that result in improvements in
the diaper material stage may, however,
have detrimental effects in other stages,
e.g. if use or waste management is
affected negatively. Therefore, the whole
life cycle of the product needs to be
evaluated as early on as possible to guide
the material development process.
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Fig. 3: Environmental impact of the reference diaper divided into four life cycle
stages, presented as a percentage of total impacts, for four commonly used
impact categories [1-2].
In the described research project,
LCA results like the ones in Figs. 1-3
have been discussed at project meetings
and workshops in which the whole
material
development
team
has
participated. The workshops intended to
involve the material development team in
broader system thinking aimed at
integrating
their
knowledge
and
experience with an understanding of
potential sustainability consequences in

order to generate more sustainable ideas.
The workshops were also used to identify
connections
between
sustainability
impacts and material properties that the
material development team is more used
to handling, like absorption capacity,
fibre length and chemical bonding. When
developing a material that is intended to
replace another, it is important to
understand what specific material
properties that are needed in order to
7

deliver the desired function. It would be
counterproductive to copy all the
properties as not all of them help in
delivering the function of the product.
Instead, focus should be on material
parameters giving the desired function,
and how these affect the environmental
performance in different life cycle stages
of the product.

petroleum-based
material.

to

a

wood-based

5. Conclusion
Developing materials for more
sustainable products is a difficult issue. It
requires not only a shift to renewable
resources
or
an
environmental
optimisation of material production
processes but also considerations of
relevant sustainability aspects along the
entire life cycle of the product while
retaining or improving product function.
This demands the material development
team’s
awareness
of
important
sustainability considerations. Visualising
environmental aspects of sustainability
can be done using results from simple
LCA studies, showing e.g. the
environmental performance of different
life cycle stages and environmental
impacts of different materials. Analysts
should think creatively about how
existing data can be used to illustrate the
environmental window of opportunity
and challenges for products that have not
yet been designed.

4. Discussion
In early phases of material or product
development, the production processes
are often unknown, like the location of
production facilities, the mass of material
in the final product, what equipment will
be used and many other things. Therefore
a scaled-up model of the process is
sometimes used for generating estimates
of input parameters for an LCA.
Resistance may be encountered to the use
of preliminary process estimates for
environmental
assessments
when
material design has not yet progressed
past the bench-test scale. Results can be
seen as threats to innovation if they
become unfavourable. Nevertheless, such
preliminary calculations are important in
the development of more sustainable
products. Models and estimates will
continuously be improved during the
project when more is known. It is
important to only use these early LCA
results as indications based on coarse
assumptions and not be lured into seeing
them as the last word on the product's
environmental performance.
The case study reported on here
illustrates how LCA can be used at early
material development stages in order to
guide development towards sustainability.
It also shows the great challenges that
may be involved when shifting from a
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